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Outlook on Future Thermal Power Plants

Toshio TSUKUDA

Kansai Electric Power Co., Inc.

Demand for electric power shows sharp increase in line with the development of national economy and the elevation of living

standard. In consideration of changes anticipated in economical and industrial structure, and also of the direct consumption of

primary energy and the conversion to secondary energy, the electric power comes to account for almost the half of total required.

energy in this country anual increase being expected about 10 9. The latest progress in the thermal power generation outweighs

the hydraulic power generation aside from the gradual decrease of available water power sites from the viewpoint of economy.

It is expected the thermal power will be 65 9 of the total power generation before long.

L A &

BAEBAOWMTEEFORE L EFFKEOR LT L b ¥ T
WHLEBLL, EbE, HRTHMINDRT - EREEOEL,
~~~~~ W TALE DEZEEE» B IR 12uF ~OTET Y 2EET5

ﬁ%MTbﬁm@%§%1M¢kﬁbbk¢mﬁ5o/V
%@L,ﬁ?ﬁ%m*% ¢ BEOBRNATFEINT 3.
~ﬁ,%ﬁ@kﬁ%ﬁ@@ﬁmxbuﬁmﬁmﬁﬁ%mﬁ©ﬁ
PrHBEEL T, BRBRTRECKERETIRAL, TRk
KIIDILIRL 65 9% % LEDRAXATHS.

FRDKJIBRSEEE DS h L, Ffii X ORFEIIMEEC
DN TR T LB,

2. EOKNARIHE

il KNREMOBRCEFTTIC S » TERAFTHDHM
DHIRKDOHE, BRETIKNOBR LHERLYRECEDS ET
DEBRERNT, 2EDL S HIEF»STR T 5

2.1 ZREE

RIFERBEOER L 10D LD TH - T, BITENEH 36~45 £
o 10 hAEM-oWTEE 20 @] EEL 2R a5, EHME
KIRENRDD &, —~FED $-L2AL ZRIFLANDL S - & b
FHI7eBER R T 5 S 2 TE L.

500 0@ KD
.
S UTEERD)
F
w400 s
:i? /
% 300 "_‘
A / 4
kWh ;/
~ 200 o
/ o1
é '—’mmxu
100t et 7D

RTINS B B TS0 41420500 5

-

2.1 BmEBHOBHFRRE (FHR
Fig. 2.1 Power demand of Kansai Elec. Power Co.
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Trend of Recent Super-Large Thermal Power Plants

Kobe Works Sadahiro KAGA

Remarkable increase in power demand in the post-war era in Japan has made the generating capacity 2.7 times that of 1951,
and in coming ten years this capacity is expected to be 36,220 MW. To cope with this trend the generating system has under-
gone a great change in consideration of time of construction and various costs of construction, operation, fuel and maintenance.
This article accounts for a giant generator rated 250 MW delivered to the Kansai Electric Power Co. Himeji No. 2 power plant
and another unit rated 325 MW expected to be supplied to the same plant, together with recent trend of super-large thermal

power plants.
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Present and Future of Giant Turbine Generators
——— Chiefly on a 396 MVA Unit——

Nagasaki Works Moriya SIKI

Qutstanding is the increase in the capacity of turbine generators with a quickened pace. This trend is spurred on by the

advent of inner cooling of coils. The completion of the first inner cooled machine rated 208 MVA by Mitsubishi dates back to
1956, This was followed by the larger unit of 320 MVA built in 1962, now a 396 MVA generator being expected to come into

being in 1964. Up to the present moment nine units aggregating 2,000 MVA have been manufactured. When those under con-

struction are counted up, fifteen units will be listed with total capacity of about 3,500 MVA. This article describes a 396 MVA

machine supplied to the Kansai Electric Power Co., as a chief topic.
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Fig. 1.1 Development of the max. capacity turbine
generators in Japan.
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Fig. 1.2 Exterior view of inner cooled generator.
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300 333,913 283,565 384,000 326,400 (422,400 359,040)
275 306,087 260,174 352,000 299,200 (387,200 329,120)
250 278,261 234,522 320,000 272,000 (352,000 299,200)
225 250,435 212,870 288,000 244,800 (316,800 269,280)
(220) (244,870 207,913) | (281,600 239,100) | (309,760 263,01 0)
200 222,609 189,218 256,00C 217,600 (281,600 239,360)
175 194,783 165,565 224,000 190,400 (246,400 209,440)
150 166,957 141,914 192,000 163,200 (211,200 179,520)
125 139,13C 118,261 160,000 136,000 (176,000 149,600)
100 111,304 94,608 128,000 108,800 (140,800  119,680)
SCR: Sk
£ 23 7AVH CETBEEEHET
i — Y e i
B ®oos 54 o)
(MW) (MVA) ’ (MVA/MW)
127 TC 173 GE 1,362
165 cC 202 GE 1.223
170 TC 211 WE 1.241
182 TC 201 WE 1.103
223 TC 265 GE 1.189
240 TC 265 WE 1.103
265 CcC 320 WE 1.208
300 CcC 353 CP 1.178
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® 4,10 SEREET
Fig. 4.10 Completed rotor.
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Present State and Future Outlook on Large Boilers

Nagasaki Works, Mitsubishi Shipbuilding & Engineering Co., Ltd.

Saburo KANEKO

Present state and future outlook of boiler engineering is discussed herein with detailed description on changes of design of

boilers in response to rapid increase of generating capacities of thermal power plants nowadays.
On the other hand super critical pressure boilers have passed the

stand out among the apparatus with their distingue advantages.

state of experiment and are now about to come into practical use.

Controlled circulation type boilers

Problems on fuels are also the item not to be made light of.

Coal burning is expected to be resumed. As to the capacity 350~400 MW boilers are now available in dometstic production.
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£ 21 KEEERT BT HKBER f13 Ul wwm o w 91 VB | 382 | 265 9001754 200 | 568.5 | 568.5 g ST
DELEES A T - [,%] i’ ;& HEFENA4S | 38-5 | 156 520|174 190 | 571|543 @M X CEM 4
N . ) . P OH A3k H A H 38-7 220 725 | 174.7 | 197 | 569 547 ” prg =izt
WDKK Fsu b o—HEIHE LT 5 gy | THEATEHBEB | 311 220) 730 |1755) 197|541 541 w o P
EE; F%“Z[}Ell’ k@ﬁﬂ:@f@ﬂﬁ%% T 737‘;\: D ; #OE K‘L; hH H3E 39-6 265 900 | 175.4| 200C | 568.5 | 568.5 ” 14
BY 78 % h W1 E | 39-6 | 250 860 (176 198 | 571 [543 ” v
EBRLHEHTEBN, ZOEECH-TH " 2% 250 | 860 {176 | 198|571 |543 " p

15 OTERTEA L BRERD LHMHTER, »

()

BTRAAXKTHZRL, BERFho ol zoFEAEFT
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2.2 %M 45 O 20-vAF4
Fig. 2.2 Flow system of various boilers.

U

2.3 duiitufg—Fab—vsy DHER
Fig. 2.3 Composition of combined circulation.

S LR B 5 Tl 5 O°C, BRI T b 15
R &t & &3  EAEER T Db,

2,111 apd— HDS oqosu @ Naantali FEREATCHRD
125 MW 15 OB THH. FREULST 190 atii i 530°C/540°
C 7&Jedi 420 t/h OFRIEMELE 15 Th .

2.3 BEREALSECCAYy L vy —Fal—->ar

R4 Z

HEdR~fe X 5, £4 fies 2RKERERC RS TWH LS
LR BT ORBERORR - TCdH D ik, B22IER
TERBDTHS.

HESIEOBAL, TP 2 HIFEOREN /2 {/1edDT
HHERE T)5F2—73H145 DO Sg—a—tAL—2 TEEFRTLOLED,
A a MR RET 5 2 E AT ERG. D ZICHRKP O
PIL B15 BRIRCIE T 205 HHVIL 2Ly KHETHOTE
bSO TEMEORKEETDH LTins.

—fEHE S5 TR OT, o b EET
OE AR EE STV AEET Y, Wi sl ing T
o THFOBRIHRELL i bl X 5 W T 57201,
M EFARE R LI L, & R RIS R AR
CIIRAERGOSE I %, a-ty & A8z LTHEERT S
DEA G D, Lichis TEIE wrs THIIERE (BRI TRIEE
FBEAL D TRIPFEHE LU 5 AELSTH L LI
B OFE E A8 BEOKE X OBFTOMCHEIBIRS S
D, A AAR BEERGERTRR RO 30% ERE SN
T 5.

AMAR EBEO 32t AMARTRLE, KFAREE2RET 52D
O NEFR KRR L O ARROENRE, K0T O Aol s
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2
2.4

12 4P 4.0
e _A
js
/
* 10 - S
=5 ‘:/7‘1?\7
7 RAZ \7’
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B <
4
s 4P 1.0
fr e / g
%o .
4 - 7
VA
Y-Fal -z
2 A S

075726740 60 80 100
a8 & (%)

2.5 JHFURRE PIE I H

Fig. 2.5 Comparison of flow
speeds boiler tubes.

4 C-E auifo fy—Fal—ysuilifs KFRERE
Arrangement of C-E combined circulation boiler tubes

PEREBLT, AMAz BEOMENCIZMALEH DT ThH .

D ARA BA 350 MW 15 IO TRD THD &y 300
t/h b L, BEM ORI, RE b HREI, £ 70 MW
rih. COEET 15 NELIEABELTL S, 22 DR
PHLEBOE,S RSB L 2BIiESD.

= DR AR B i, CE (LB fivs Kb s e
MAHEE AR A S, JuA Ty P —FaL—vauififs R HTIC
ERLIC.

SO 5 OEFNEIAIR22 BLIUR2L3WERTERD X
PO THELLDTHD.

a  JOFAHEILERN S L ORARERER:, ERKEDT

L TEBAGE X o TIREINS.
b, EFHEAH FTLERL R TERD, SAR CIER
BAE Y oo T 5.

BLRANC O AR E D O KIEBRCIE L A OTESE Rod MK
Fxt, 20 fivs KL -T k13 BROVDAR 1 BT,
BRI S RS P LI P A RS & VT E D, ERARE A
o3 REEVERTIK & R EIFEE D ORKE BT OT,
K Ko RIS BEEATHI LD, TER fud W)
NOFES TR oS OFERIIHE F 85 ORETLD

QI 15 EAREIMEEKI L S RIRE L 25
25, T OBEIEE RS b B “Float” OIRFEE 7LD, i
K B3 D J—az-Ku3 &L TORELRT

Epzo KFKERBRAYE 2 4 TRl T b.

IR & H - 87K TETUK & © mixing vessel WA D, D&
EVETL CHEE fu5 OBRALR Awd KAB. fiud 235 HTHE
we L H 5. JOFTEIRO FhREEH B 2 HAHBEKEIC X - T
KIFEEID ~wd CAD, KIFABEOFAKER TR EA LK
FEETEDLRT, WRGHE OO TR - k5L,
BRBCBESHCAS. —7F, TERKIL mixing vessel ICA - THG
KeE—FEin 5.

K 4FBET Single flow OE TR IR, BT
DA Single flow DOIETHY, HORNTEBEMON
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wBi ¥, a8, Gtk

A s RmA L L,
KGR TE iDL
TOEIFwMAFLT

SR D LR w2 T

.
ARRREL, WERS

B L TERRER O

R,
& Fa-At-2 & A2 F

aJL—

TEBIT X - T, 50~100%

OERMEIAC I 5 T

FEOHBERTTEETH 5.
(3) EhOERES
TEihtox hrs TIIE

RE O L Wik, B
RO ER T 5 &

S L OME L O
IER ST E E o EE
BRI 705D,

fEIR R, B

FERFIC RS B SO #2

PEE Az OFHLTR L
S TWAHERTERR Y
O, EREEmE LU 4
ot R XWEML TET

DHREBT LD LS
F TG A, SO, Az A
BEALARE RO

o Thinlied i &

1 5 10m

3.1 HFEEN FHHIFLIF K5 X
Fig. 3.1 Side view of Tokyo Elec. Power Goi
No. 1, 3 boiler.

LT 5.
(2) BEE, FER:EhOEREE
L R I\ TRIEHFRD Aroos (LEWc L - T
SEAEREALE TSRS S R RIRIE S E RO
MR, ERMER X 5 THET 22, REHCIMEO 2
Al R HIRRERE LUz ol udis e,
IS fes KT S L 5 RS PO, #F,
MH Tl BEEO 4HCHEL TO5BH,

ZDFHEL s OERET (b tE T, AR, FHETR
W BBENKEL oo dBHI N D THHD, &
R Zral 5 K HIRIRIROES Y EE, hTh &
BAROBRVITERAREMIE L, EroB L) ERYE
CLTEANEERED ap E AT 2 LSl Ty
B. TOEMERGRERE, TERIEKQOWN LR A2 O
W EWATIHE UC BEOERET 2 OERMCEiEL,

Fiz Awd DEBEEHYS L CIEFIFROEKIRIED 7uisua
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L DN
LU D 2 BHI KW OBST R EHZ T Dt L 7o - T B

MRS ENT V5.
Ut o TR E ©
Bk e LTy, SR
oG BOM I X ERE aau RBEXHE 52 OBFAU T
RETBZ L, BIUEMAOBAK LD SO; FEXMHEIET
ZHEE LI, SREZES AR LCEET D Ao InfEAsE
#H A5 KTHTLXELDTEHRTFRTHS.
(4) BEBWMSRAERZE 15

HIAEE BT B ST ORBIEE 2 &, W TEHE3 % 2,
SRR A R E 528 o 5 A EEL TERERG
FEoORERSS. K32 waRTHEERIRES L2513 1%
ZOEHTHD-

O 43 &) CEMMCE RS EuERTES LD
CHE LR A DEBANL DN T AH, #i05 KL LTHK
e THICIER L, ARGRECOEI PR b o, AT
Rz AWML, 2-9300 MR ERTRS Lk hERE

CBERIEE L 7o B

32 ERERKA >

T FRANCE A firs R e L TkEREER D TER L
2, PAVH KRV TIRBELRBARS f15 FBBoRN =
EdTu B, Seicihiiz 900 MW 7oL 1,000 MW #B AT R
135 HBBHIFHRTHS. LaLEAS PAh ERWTHER SR
DEROIREBE, R MEOEESHEA 5,000~6,000 kealfkg
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ML TR, 75 MW 7 3£, 156 MW
2K, 220 MW a-w b 1 JE% S L
WP THR B
(1) Xk 2l

Wt & KA DR CHEME X T B
O, BEEDHEH»HHIFIND Kk IF
AR, IROWBRBEIZ X 5 kAP MrmE2L

AT SR A2 BEE R 2353 53,
INHLOENAY D 5 &b RFMCIE
THRREBET BLER DS 5.

SR BIC DI TR OW
FICARE BT 510 T, K
A 52 ORI I A BB

RELBDBZEDR DD, FORDITH
P ey L% B L e ST s
JOKRFRZ o HE L ST 5

i Y

— T CERDER X K15 D
ADOEMERS &, BH—FHiL 75~
165 MW, S5 150~300 MW,

ST 200~500 MW o3 e 3

A, 500 MW LU EDKTE 12wt 127
D ERFASEPTN A I T\ 5.
KIF DR EEC T AR LHE

Z7H BRMREROBEELE -7

FEETH B20KER fies DREHE

D PuyaTo-Uou BiIE Do, B
KIUARENTE A B2 % T2 7 v 4

Z B Te DI IR AR K& F
HLEPTEDECRTHFITCHD.

(2) 254Pwoa CWXAEREO 10

Loz by

R3.2 BIEEN S L2S frs AR

Fig. 3.2 Side view of Kansai Elec. Power Sakai Minato No. 1,2 boiler,

ThoTeDi L 6,000~7,500 keallkg &\~ 5 @R RTH D,
=75, REHHPE CIRE I 2053 ERH R K15 OFERRE
3,000~4,000 kealkkg & u> 5 3o TE hol— Db D Th 5.

B ROMED K15 KR IIFTEE0ORLRIRMTSS &
Vo THBE TR TibBIRS D4 NTREEOZER, 2
vh 53, (REED B, SRR T DM OMBERH O KRR, K
BB OF R LW Y S ST b ThS.

WEA L 24, 7,500 kealkg R 99 oF K &, 3,500 keal kg
K7 50% DHEREZF—FERD firs WHERLEBST ST
ML TARD L, BHEAMBCLNTERETH 2248, ERKE
TEI 12 T s.

COFBLLBB X 5, HARREEOESMREE fi1s
CLPah ORBEEARCE f1s ORHEEFOE 2HHATS 2
LRTET, M EN R LB LT A ThHB.

ZEEB TLERT R TEH RO ERR K15 2T TE
7 Firbb, FREEIVNEE L L O ARIE K T O TSR
e 3,500 keal kg DR ML H A HSET D 35 MW 12w % 43k

K w15 OBUR LF Bk - 6T

—ual

RGHRLR a5 BT 9517wy
2 WX AIEEED 10-Uay #HEE
TAEBL TR e binu.
I0-Uav ITRKRDKTS, B IOKDOM
BB A IR A2 WA RS L X VIR I NS,

Flo, L WIREE A2 PERRRRRT A LI s TRE
ENRTVDT, THEPIETD Avow 2EIATIED, B
DT E T, BEE A2 POLIRSEAHEL T fi1s SMCE D H
THERR ATERLL TN 5.

(3) =z BIW Fsqt

BHHR 20 ik CE T LaEv FADLEL LHE ORI/
Fa-D2 BB ADWzL OBFE T b MO R S M
BEME R A2 2 2w X p BT 2 525, 3,000~
3,500 keal'kg JR TR B BETC % <, »OMEEORAERS
703 SiOy BEEICH D DT, BB LIRIEDMIE 5273
= RHEHL T B, )

{RSR{LIK D G— D> DREEIED D EFRNL W L THD.
L7chio TRAPIKLUICBS, Avh 2D 2 KW D8,
B va—b o ECAE, BRIESRRIL, Ihrieaiibts
MBI EMTHD. 2O b330 MBRET B ORHEN
Wik d 32— L LT 25vuafs1t OEERLS.
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3.3 AMEN FNELE f15 {ER

Fig. 3.3 Side view of Kyushu Elec. Power Shinkokura No. 1 boiler.

3. 3 W HMNEIIHNAREIRCHA L 156 MW 120 h
TH BN, BIRHEERMT t2ty RERB U IBBREET &
froTn 5. HHAREOKBLEERTFEINLDOT f15 &
MCEHAC R R A L, FRBERAERTI LKL -
THERBEEBH I S CERINCLDOTHS.

3,3 IREREERA S

BIHELE fi15 BEEREIND L5 Thb, FEROF
HEBE R hdo » TINERBER G135 PR HTTE febid
ThHBH, FRO L D BELOWAS T X RFESEREL
LT, SO; Az R OEME % Aie L, ERB R L ORI 7e—F

TENTED.

FORER A 3. 4 R

Briseriic,fi1s HEDM
b, FOIERBEERERT LI LT
LA, R IUHEOMEL,
TR P ENI D EiR I £ HE & OF KA
b5

HIFEMRBE a5 DEEAE, f13
AED 2tz LhHDHZ LIXES
WEERINBD LA TH AN,
UL EYEEE ator—vus OFAR
X5 TERL, 2-v309, U+ &,
A—T TR ED s BRI,
FRE L D EEDLELVHP S o
—YuJ17, BB PREL—FUI
T7 RECTHAEE A2 OBH
s AfEE LT T 5.

LR D, 7AUD T
oAz foE, EflcE fq4s LR
BICRR & DA f45 b
FEREES R R AEFAMHL - T
5. CE # T4 titg{ DE
R TOAR, FORFYER
3.1 AT CodTikIFZESE
BERREE >rv TEEL afFu7T
—ud BB WD “ We
ded Wall” BsiEnd Db A5

BBEICE K45 DBETHK
IFEEIRIK L B0 RS 45 Bl T
BEEL 5 OLT, & EMR
FINFRREER LB BIRR L,
ESFEROF R ToENT L
MHEHETH » THEDOBWRRAEAS
D—2ODFHAERL T DD L
Bihs.

7ok, DNEMEE f15 WIIfESk
BERTERAINTWS CETE ur
wufzp EiTE-T
Mill MFER DD, TOBAD
L OEPERER TR S ERT 5

Pressurized

4 E~NORE

Lk, BREEERER f15 OBREIOFERCoWT, BR
HRAR L OB OTED b TERR, BHRaer 2 TETE
THRBYFHINELAEORER AT I35+ OFRTOWT
IR T L 5.

(1) K S50t ORFHET, Ssut LOBRE L BPHED A
552 U5 @BARHERD B & CHE SRR IR it b

5 3.1 CE HBUMEMRBNARZE EKE f135 OF
R # & E #1 (psig) # K | E CH
R B | BRRRRRR R wooH KFOR
: BHEHN BRSO peEtiia gl oo

Widows Creek No. 7, 8 500 3,850,000 2,750 2,450 1,053 1,003 BARIR Bk RBHFA | RF R
Astoria Generating STA No. 40, 50 340 2,400,000 2,525 2,150 1,050 1,010 #wpmE mi KRF 2 "
Plant Mc Donough No. 1, 2 245 1,820,000 2,925 2,486 1,000 1,000 BONH R R SRR
Lake Shore No. 18 225 1,680,000 2,925 2,500 1,010 1,000 ®wow B ”
Waukegon Station No. 16 325 2,300,000 2,400 2,100 1,005 1,005 ” W w B
Will County No. 18 532 3,900,000 2,850 2,500 1,005 1,005 " "
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Present State and Future Outlook of the Large Capacity Steam Turbine

Mitsubishi Heavy-industries, Reorganized, Ltd. Kgbe Shipyard & Engine Works

Yotaro IIDA

There appeared steam condition of 1,450 psig and 1,000°F or above it after the World War II

pressure, high temperature steam to work for reheat regenerating cycle.

This is, the so called, high

The generating equipment designed to meet these new

demands has made great development ever since and a giant generator rated 500 MW as a single unit is found in America. It

has gone so much that a 1,000 MW single unit is reported under construction.

to come out, now a 375 MW one being culminated in the capacity of a single unit.

types for steam turbines.

In this country a 75 MW machine was the first

There have been developed a number of

They are have different merits and demerits to suit particular conditions.

. ¥ & » &

TR RIS T #, IRE 4 1,450 psig, 1LOOOF % 7otk
hEL D) A EEERES LR L -BHREAE vrou s HE
Licds, & OWHFHO sty BRRIML L OBRIMRNLENHE
DWW T T, WhHUDLWHEREY BT, SEEARE I3
P Y PR R U D & L THEME S DWW CRE S, £ ORI
AR S BERMO & iz £ h, 1,000 MW B4+ Cle iR
Fruv i THiBeds.

KR CHESE DK a~ty O#E LORMESI SN, REO
BIEECELD A—n- OBBEHRALINEES.

2. 2400 psig MEALZXZNUTOTS 2 |
e b5

BB ERALINTCBEERAN Isut ORFEIIE
2,400 psig (169 kg/cm®G) TH B, T OMD Isub L2\ T
FEBEMAREATH LW, 10y BREOREK, HRAEHOBRE,
a—ty BROMEDZEER Lo TIL DR

2.1 2=y tFEOHEX

ERLI) 75 MW I HFEL Zoh B OBEE KT J5ut i,
F OBIBERK D~ h o ¥ TERD, BEors s, HERE
TIBITEE RS AT D 320 MW BESRATH D, T
AR TR ENRERBI O 3TOMW ¥, HREIHEAA
ZREHT O 350 MW 2B oW TR IR TS, —,BUKT
T 500 MW Bl EDKTE 12w b AERL, LI PAYD
TEGHE 1L,000MW NI h5 Y, FOMERRRIEC

LIRBTELVR DAL D, pEIREVTh, 500 MW oKX
M ORE VN EMEILT 5 OREHOME L Bbhs.

2.2 EREHoML

1,450 psig x 1,000/1,000°F CHF L A HEAKX KT Jsub i,
10w b FEOWIMCABERSENRS ICREYA LI TS
RICE 108, Bt E C— B E ST 30, 150MW
LUFeE, #&E 1,800 psig, R 1,000°F T h, ¥ 7z 166 MW
Ll RWFESES) 2400 psig, JEELY, 1,050°F F7zid 1,00OF »
o Td. 2055 - & b%L 0kt 2,400 psig x 1,050/1,000°F
ThDA, BhERICE AR BT 2,400 psig x 1,050/1,050°F %%
BLTWS 350t —, Zh b, FXHEMHHEL>OBE, HO

30 (1190) * FH=ZER TEHA2HHTTE

LT 2,400 psig x 1,000/1,000°F w LT\ AL ZAddhb.

LhhA ORGSR, ES, BREL DTETEIEWEE,
Ssu b BRI RITT IR AP, —77 a-tu, K135 o KEROEIFR
DERETSZ LI Bnh, 0 Iy NRBOERIEEL KD
BIcdITiE, B LB OTE R i E L R H
L TR b, 722050t ORFUYF 2 55
& 2,400 psig 73 F34 Hdi1s © RETARERAEITH D, 1L,OOF
2% 2251+ ROMBOFERRE TH A C LR L feiF il
Bigwv 2 &5,

W REESEHTHTS a—todsut PBOERRT LD
FoL5wwinsd.

TR ST 156 MW a-tudsut OBA

BRIEZR K &l a-tudsu b BEDZE
1,450 psig x 1,000/1,000°F oy
1,800 psig x 1,000/1,000°F +189%
2,400 psig X 1,000/1,000°F +429%
2,400 psig % 1,0560/1,000°F +5.0 9§
2,400 psig x 1,050/1,050°F +5.6 %
(BFREHELTRT)

2.3 #-ErPFEoEL

KF Ssut OFRAERCE 5T, a-ty ThAZFOER L
LERKL L EDTERVERTHS. & A RRKIETRERHRRE
OFERIC LY, TAREVCERBFSERES 25 & bEE
ILAv bt ORERE ST Z LATREL 2 D, a—ty B[ LKW
CEHELLTWA.

3. - RRRELE

K a—to OFEFHHeE L Th» & LEERMEL &t
a-t'y, B a—ty, BF a-tv Lo keflaD Tuavt OEHE
LML, THHOERELING Ly b FOICERES
CHAETW DLW 2D 5.

31 BES-ECHLIVFREI-ErOHBR

BIE a—t'y - RIE a—ty 13, 7o HETH SRR EET
3,600 rpm (60 #721), ¥ 7oik 3,000 rpm (50 Hro1) OFE R
F+%. oMM EEEYE, PERETIL a-ty ADERD
RARAVN S W, RBEEOETHRLE L La b REsRCh
% AMEOLEH L LTI LEZNNZVLOBFE LWL TD
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5.

=77, a—ty BHOFRMMEM - 5 Rt s, 73R a-ty
HEREBEL T EAEZL LR T EL, COREO—EBE LT
L3 0EVEIE a-t'y LE a—Lu A~ Tuvt HCHH S
B ISz, BEA o0 TR CERI S 300 MW L)
TO%E, EROFIEECLEE a-ty HE 2-Lu A 1
B INAHAT, @B 300 MW LI ToBes oEbE
—T TLav bt ORFVEA IR TN B, FOMOBAILEE 2
—Cv LHIE a-Fy BBMED Iuavt KON TED, B a-ty
VRIS U BRI & IR s dol B 2%, HRIE a—tu 1o
CERHE LT, BHEAD Asvz 0200 EETH . o
KL SHEISWHEARD X 5 2HE a—ty X EFE a—t'y A3
=D ILAvt E#DOENTWBBR T, g LPE a—to i
B Ths.

3.2 BEES—EroRR

T2 b AEREM, O EBEIICHL, bo b LY
t Ly BREBLEZ LI Jsut ORFHEEDISEERLC
ETHHH, & EERAB ORI AR ORI a-ty O
SRS, OV TE a-Pudsut R AT RS9 80e
EohlahuRie ey —RCEIE e P s & LTIy, Bfr
W 11t e D EKIEEZE L5”Hg 4, 1,500 7o\ L 2,000
kW = 7-fkam2e 1.0"Hg o84 1,000 7oL 1,500 kW 2 -
b T 5.

BB SN T B EERRIICOWC, FEEFEY AT
DHEFEEEL B KEOED X 510/ B.

(1) 3,600rpm £ (60 4121 F)

Hom mime BB spemmimn aow)
(in) (f2) e 15"Hg Pi7e 1.07Hg

2 20 52.6 75~110 50~ 75

2 23 65.8 100~130 65~100

2 25 82.6 125~165 85~125

2 285 107.2 160~220 110~160
3 DUHRAOH A EFHEFD L5 15, 4 AWBER TR 2

LB, SHLRBECIET, 6 HUHER, 8 AHERcT
U BI B2 2 RAZ K & < 7 D TTRESER H ) b L
THIKT B
(2) 3,000rpm i (50 410w FH)

Pm mromz BB wresemn o)
(in) ()  BZe 15"Hg s 1.07Hg

2 20 52.6 75~100 50~ 75

2 23 78.0 115~156 75~115

2 28 108.0 160~220 100~160

DHELBHLHA, 3 AMHER, 4 HHEHEE o
GAHH%ﬁ 8 DIWMHSR L\ 5 RA G/ T
WX DRMBIE N ERE R L, I X o TSR T2 )
BIeRELFTBHZ LA TES.

(3) L800rpm ¢ (60 41on 1) %72/ 1,500 rpm 4 (50 4.1
on )

R meme T BB e
(in) () pze 15"Hg 7178 1.07Hg
2 40 206.5 310~410 210~310

K a—tu OBER LR - kM

3]

44 254.8
50 330.4

380~510
500~660

250~380
330~500

o

ZOBREL L BAHA 4 HTHHIERIC L CH R
TE5.

BT EH

LLEDBEFHAOW 7R X S wERES 450MW Fi2i35h
UM L i, 3,600 vpm % 424% 3,000 rpm T 4 SMfEEE s
DIRHTIEETH D, 450 MW Ll EDBAIL 6 SiHrE R F 7211 8
DTSR A H I L .

I TIURERE 2ty BERA 1,800 rpm %43 1,500
M T AL EMNTE BT, RS 500 MW LIFT Lk
AHEZEN 1.0"Hg DG, EHH S 500 MW 7oy~ 1L 1,000 MW
RICHTL 4 BUHTE, Theb bRIREE s—LuTuaut 2 {8
AL BRI RE 5 2 R TE S,

Ll F oo e & £ MARN st RO M A B — R
LEdDORR3 Thh, 2R3 1L, ES3 2L Lb0EY
ALy A DWTHEY, BARE, BRI IOMEAmHEY R

LT3,
K31 a-to BRETHES (60 5101 )

s | BB | s | RPERR |
TC2F-20 3,600 2 2 20 60~100
TC2F-23 3,600 2 2 23 100~125
TC2F~25 3,600 2 2 25 125~156
TC2F-28 3,600 2 2 28.5 156~250
TC3F-23 3,600 2 3 23 156~200
TC3F-25 3,600 2 3 25 175~250
TC4F-23 3,600 3 4 23 200~275
TC4F-25 3,600 3 4 25 250~300
TC4F-25 3,600 4 4 25 300~35¢C
TC4F-28 3,600 4 4 28.5 350~500
CCA4F-23 3,600/3,600 4 4 23 200~275
CC4F-25 | 3,600/3,670 4 4 25 250~350
CC4F-28 | 3,600/3,600 4 4 28.5 350~500
CC8F-25 | 3,600/3,600 5 6 25 375~500
CC6F-28 | 3,600/3,600 5 6 28.5 500~700
CCB8F~25 | 3,600/3,600 6 8 25 500~700
CCB8F-28 | 3,600/3,600 6 8 28.5 650~1,000
CC2F-40 | 3,600/1,800 2 2 40 200~300
CC2F-40 | 3,600/1,800 3 2 40 300~400
CC2F-44 | 3,600/1,800 3 2 44 350~500
CC2F-50 | 3,600/1,800 3 2 50 500~ 650
CCA4F-4) | 3,600/1,800 4 4 40 500~ 650
CC4F~44 | 3,600/1,800 4 4 44 500~75C
CC4F-50 | 3,600/1,800 4 4 50 750~1,000

K32 a-tu BRLEHES (50 4101 #)

s | BRECD o | o | SRR | I
TC2F-20 3,000 2 2 20 60~100
TC2F-23 3,000 2 2 23 100~156
TC2F-28 3,000 2 2 28 156~220
TC3F-23 3,000 3 3 23 175~250
TC4F-23 3,000 3 4 23 220~300
TC4F-28 3,000 4 4 28 300~450
CC4F-23 | 3,000/3,000 4 4 23 220~300
CC4F-28 | 3,000/3,000 4 4 28 300~500
CC6F-23 | 3,000/3,000 5 s 23 320~450
CC6E-28 | 3,000/3,000 5 6 28 450~650
CCB8F-23 | 3,000/3,000 6 8 23 450~600
CCB8F-28 | 3,000/3,000 s 8 28 600~1,000
CC2F-40 | 3,000/1,500 2 2 40 200~300
CC2F-4C | 3,000/1,500 3 2 40 300~400
CC2F-44 | 3,000/1,500 3 2 44 350~500
CC2F~50 | 3,0001,500 3 2 50 500~650
CC4F-40 | 3,000/1,500 4 4 40 500~650
CC4F-44 | 3,500/1,5C0 4 4 44 500~750
CC4F-50 | 3,000/1,500 4 4 50 750~1,000
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l-ijﬁtm _

g 22
{(TC2FEz)

(a) 3,600rpm Fizik 3,000 rpm

(b) 3,600/1,800 rpm F 7zi 3,000/1,500 rpm

3.1 a-tu BR—E
Fig. 3.1 List of types of turbines.

4, =My —-ECHBKX
41 HoR2EE 2 owmEiRs (Tandem Compound Two
Element Two Exhaust Type)

L OWREEE B & FESSES LEO Tvvt HVd b
T BVbd B TEHRE a—tul L EHROERE -ty £ 1 %
2y HCHG L= 0T, COMAERE s—ty ELTho L bl
HMATBRD LD THS-

IEFERRI L LT, 60 y1on Fcix 207, 237, 257, 2857
D AFER, Fio 50 4qou FTiL 207, 287, 287 @ 3 AT
FRERINTR D, CRHOROBHEOFERIC L H TR 7EMW
Hb ik 250 MW & ORI HIRME ni- 5 ERT
5.

BT a—ty OREEIEIRGE B TR X > TED B
NnAHM, ARZES 2,400 psig x 1,050°F, BHGESURE 1,000°F &
THE—REDFHIN TS

4,2 £ 3EE 3 HnEiEst (Tandem Compound Three

Element Three Exhaust Type)

4.1 o272 HE 2 HFEHER
Fig. 4.1 Tandem type two wheel chamber two
bypath flow discharge system.
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4.2 723 HE 3 HTHIRA
Fig. 4.2 Tandem type three wheel chamber three
bypath flow discharge system.

4,3 5o T 3HE 4 5K
Fig. 4.3 Tandem type three wheel chamber
four bypath flow discharge system.

L OBRIEE a-ty L, PERY L RITE%EL L EO 1
Aut HESD LR T ALY 5 THEE 2-tu] L ik X0
FRDIEE 'a-ty L ADE 3 HO 1wt & ov B L
30T, EFREECIT 23 ¥723 267 BRI T 5. &
» 3 1% 3 HWHERIL 2 AR b L CR— 0B B 6
AL B AHE @R L5 i bicd, KLY ov HAER
a-ty OIEFHERL LT, KEHEHAOKE N HOE A
T Tt HEE 2-to HSERRE 2> HEKER AR
EFTLHE AL REFWRE 10 fx b oled, REHCSER
HGERFOT TS VAW ARMITIIEND Y, TODSEILS
EDBAINE B L0LBbhs. Tibb O TRM
237 B O b OEFTRO 2 BE 2 SR TR 287 (TH
DDA, FIBER 7 HHO L OB 3 BE 451
BEERTRE 27 A0 LD E > T THH -

4,3 soW3EE 4 5EHEsS (Tandem Compound Three

Element Four Exhaust Type)

ORI ETE L hEBES LED 1uAvF RIEHD LR
T BHEHE a-tu 1 {H L EHROEE 2-ty 2 fHOF 3 &
TUAvE & oo THCHRE L 1o b O T, BEBANCITARRD 2 35 2
AHPFEREE a-ty 2 5 VEBMLic e FLTIU

- OEOETFEHR L LT, 60 1oLt 237, 257 %
%, Fio 50 4o FICIL 23" REGEAL TkY, HIJI200MW
7oL 300 MW oK a-ty OFTEAR E L T4 BRaEc g R
FHLDLRLINTNS. S0 3HEE 4 5YHERE, BFRE
PAEOTEIC I\ THERD 3 AR T Lo i3, B
LERER LED tuAvt ELTELD, {EFEE & B
MHHEBELTWARD, & Tuavk MCETHRE 19 ES 3 v
BHSREELToH LB LA L, BT d F Bk
FLEbDTRELLEATHS.

4.4 £oWAEE 4 HHEERS. (Tandem Compound Four

Element Four Exhaust Type)

L OWRBEE a-tu, PE 2-tv £ 18 & HRADBE 5

£y 2 O 4 D TLAut B oy MR L 2d 0T, BER
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4.4 oo W4AEE 4 DWMAHFETK
Fig. 4.4 Tandem type fom wheel chamber
four bypath flow discharge system.

BEE LTI, 60 o0 FCIL 237, 257, 2857 BT
B, F72 00 H1op AL 237 Fioik 287 REHTA. o 4
HERLFR DO BB & rpIEBE 2 —{h & e o 7o 3 SRl
L, B, BESESEHL T 7cd, a-tu DL2ENEL
HRABD DI, BERE, RERE - HCHrEORI R
BT 28-2 &b - TB0b, LT 300MW Bl EDX
B a—Cy KL T 5. & ICEAEReIhe 287 Ba v
7‘_;@%3& X 1#6T 500 MW = CoHPIFELTTEE L,

DHFEVIERLE a—to L bR A X AV THEOUHEER B2 E
&KD@%@&KW%tAéhét&Dﬁﬁm%%z fEL Tw
B, FiohE a-Py XEHEAGRRADINCHE Y HIC AR AL
FExH LT DD HHERGARE L L050F eHIL 24
ANRY ii# A G S A

4.5 #5|RH (Cross Compound Type)

kfd4 T[éiﬁoib T o B CLHOREE YT 50T
I ot BERTC LD 2L LOREREFT5 M7 TR S
hazeddhsd. ’BfﬁlM:kié!ﬁiﬂ)lﬁlﬂx%{ﬁ=ﬁ~ (3,600rpm ¥
7ot 3,000rpm) @ Single Speed &, I, rhIEHIAS B
(3,600 rpm 7=tk 3,000rpm) CEEHIHMEE (1,800 rpm % A=
1% 1,500rpm) @ Two Speed LB A% HEL PH 0L
ES OB EEMIE THEA I A AR S h 5 0RT,
30w RhPETIIABLEHOBE&IZ LW EES.

—7J7 Single Speed D 7 a—tu I FEBBAREA R L3
PR IAE OB AN LHEIRE 5 2B E Lo, BERRSEREITO MR
Bre & TR OBRCHNZ S 12868t s ELER SR
T35S, BAEOHRKEET 1 5B 500 MW 256 5
BT ERARL Lick®d, BSOS IHRELE VLR
LicwX 5 icBbhs.

LA EATE a—to ORBRITHRIC OV THRA LicH, a—ty Off
FE o biREDRER L EOMRE & 5 2T
DI, PFIEL»L oo B, @B TH tLaut BOM
A& A TR Y, FComponent Design) DOFEZIEH L HnE
b, SHRORR LIRS IIFENLDOTHD.

5 XKBE B ERit LR

5,1 BERKRE

RPBCIA e X 5 IR KRB OBRIL 2-y D Tuavt B
2L, ERRUHEORE L TREL T2 700, & 4—hillf - TF
DHBEE RIS 5 T, ZOBRBIFOEGRINES
MENC X BEHEI ORI & FB U ic k SEEBEREE IO
ThHH, WHEIFICL $ 1582 O ThbE R bin. B
DWHEEFHR L LT F 2 TREIN TV DA, & 2 TR TMass
Flow —EJ 3 7chbbaBEC i » THRED SAdiE—L it 3

R a-to OFIR LK - RE

B 5.1

DHRREE R T HBME 2-tuTL Aut
Fig. 5. l High pressure turbine elements with
separate steam chamber.

I 5 BEFE, EREROMER X ) TEFRLEEZ DT 5.

TR CIGERL T A EHET 207 Y EoAgEs o
L0k 3,600 rpm KB X LT 237, 257, 2857 o 3, i
3,000rpm #H & LT 237, 28 O 2S5, DT DB Y
LT 335" MBI EHEAHED LN TWBZ LB LKL TR
5.

52 HSEERERE

ERESHPEESN B L IC L » TREBEHEE DG %
HIR 3270, HAELBEEE? UL CHMCEEL T
. ZOEE, BRELPIHEIN TN S RMORKINE R EME -
FIERUL, TR ERIMES L 22 1AL COREFCIVE
FEa—Co AL BT b, & O dEFHE oSS
ZIgBWEN D TR <, IR ARTETIN $ BLE B/
BT BB,

5,3 =x7a-BHFHR

BES X OHIE TuAvt T, BESEIXAA 2 1R S0, o

D PN D 282 % HIRHVER O 2 L THHZ T
S Tb. Ik 22720 BHFREEATHBM, = @‘}ii&‘@
WRIFSNEZEORERRE TS & &b, BENEEE - cHE
FEOER 2o MR 24 D ThHhD. oI EEHOK
B% - o0 TR, CoRFRORMC LV BERS X OhE 1
LAu b IV A MRS & i IR0 BIERZESS, BRI B D%REs

5.2 &I a-LoILAvtD22720- $iH)
Fig. 5.2 Mass flow cooling of high pressure turbine
elements.
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EFTB N TEDBDLHRO DL 2 TIV

54 Y7 a B

K a—to DR, WEE 1 BRI O s FHdBoaik &
Vrousy BANK A I N T 525, & OREENCEGRAT
NTBED D Tl R OB O 7+ BRI LND,
WHEAOL o PR THHE L BBEOMELLE T D4
LS/ AN

5.5 MEEE

B ERE G oo OFFEEE BN & QICRE e ER) & fEFE
AR 2 h 3 2%, 300 psig MFE AR U 7o3AdER 47 &
COEREFFEACTRET AREEAL TV 5. —RCHAK 2-£
v DS, IREKINFEIFOENCTEES & RIE 2Ly ORI fu2
It BT TDD, AR oy BT INLESFETEDL N
E D REC ST B, £ AT DERINEETREL T
B 58 AT 2O L Tv-5.

56 =x\awy MAFHFA

R a-ty BRI THERGRD 0% &35,
E AAT PMERN L CEEIBAEET, 20wtr BREH 5 KHE
O EE— IS D H %38 - TRE a-Ey AR IS o), Hxi
U T a-ty HENEMRE R ZT Tnfe. Zhicd L
a-y B, 0FA LR 20 96 AR T TRAREIEF 26
DEF 20wy HCELKBEOHM AT 5 FRIREMATL T
5. % anwebb FFALRATHDD, ZOHFKRTE 20wt
RETLAN B a-ty HEICEG IND oD BEE L~ n#hy
Z0, UL d BFATTERAM R RER T 5B b el

753 20w b FOREZ 01X &35 y-fE-2 WEY HECE
ZBIBME Jvto-5 RERETIUEL RIURIEE D ORI IE
TID 20wt FAZBHILATIL Y S 2 TED.

6, BEESF-ELFS2 b
1Zwb HREOBSKITEIER JSsur OMBIAERL, ToRBRE
BH S50 b ROk T T TR ERL DB A - T b, B
o 3 O CREEE ST Philadelphia Elec. Eddystone P/S 1 B4
o 5,000 psig T 575, BAEOEMKEEIC K THERTE 2785
GEIOEDZEDTH D, TOWRILE S BE T CBIT Tk <.
iR/ s WERzE (7 400 MW)
(2,400 psig x 1,000/1,000°F % #£#E % LTC)
3,500 psig x 1,000/1,000°F +219
3,500 psig x 1,000/1,025/1,050°F +5.0 9
3,500 psig x 1,050/1,050/1,050°F +6.0 %
FEFREH TR
CHE DL Z L ERSET) 3,500 psig ok L ZESURIE
LOOOF 2333 bilTnb 2 L Thh. OEWRIE a-'y DFE
FEAR IO mES, 3,500 psig x 1,000°F ¥ 2,400 pisg x 1,050°F
THETEE AL v @in b e, 3,500 psig DFEEE J5v
FEHARRESY L000F 3 iud, HERBL L 0EHE L
2400 psig OFHALOE A TE, FEEOEILIWTS,
FRLMBOECRNThSh- LA FHAI T2 2400
psig I TR B Z LA TRLTWw5B. D Z a5 U AL
w213 5,000 psig x 1,200°F ¥ 75, 3,500 psig x 1,100°F, 3,500
psig X 1,050°F &I L v BEE Tuvt DRI 48
EIE tuAvt (Super-Pressure Element) % A8 X 94501k L,
3,500 psig x 1,000°F 124U, $ERDOBEE 1L Avt B TR
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N

40 MW HEE a—-ty (4 3E 477060

6.1
HFS BT 28.57)
Fig. 6.1 400 MW super high pressure turbine.

TR 6,1 wiRd 400 MW BB a—Puli iS4 H 3,500 psig
% 1,000/1,025/1,050°F &L 50 tuxut Fitio 4 HicnE
P D 2,400 psig DLD EEB & T ALIgV.

7. E—zo—-F7FS5v b

KITT50 D B2 SR LHAEI BT 5IKI] & KD HLER
TR B I\ e 728, BT & OFIEEA S E—oo—F OREDR
ELWMETFBRTGS. 37 LSRN REMNE \~20-
FeLTERAINAZRETHEN, TDA-20-FI5u b RGAAHR
BFT E—oo—F KRAL IS5 EWHELHTHD. Z0zd
DR E L THEMZE 2 5N 5 DIE2E0O0Th 5.

7.1 Overload Capacity @¥X

L DFTER K INTERH TN LAY 10 96 BREE OB AT 2
BB L 5 BEF T 325 BYRERIIATI 2 HED LIt TV,
IR 20 % B AREL A LR LTEL WO & TR
Z OHRITIE AR TR IS & 7 A RS, BART
REEAE T BB EERHIIGORGEIETTORAD D 5.

7.2 BEHKMEBGEOHY T

BEERKMESEE Dbyt THE, HEENET L0, |
—@ Throttle Flow &L a-t'y OIS, HEHK
e 1B ho b $3UE a—ty M 4~5 9% MM3 525 2
By ot 34UE 10 9% T oM LS. 3 HAHAR
HINEEES Dot THEEKREN TR 205, BEH RO
RPFEL 72575, SEMEOER L IR0 BREEEEZ R T
FEEYd- T 5.

1.3 #REHOLE

E—o BT firs RETEE LA E8T a-ty © Throttle
Flow ##IN35HRTH DM, #w13 OEINRES 5 < Jut
o0 TAC L CHAMENL DD, SDOLIHBHE HHEREN
Tusinus.

1.4 BEEED 4 AR

t—r WEEBREY AAAL T a-ty OFRBRI AR EDL S
RTHBD, MARRELEL B L L OMEIEHEL 25D
PERORRATHS.

VR LT R0 RE 5 L EGE WO R
T P~y BOBATFERIERE IO 130 % fouL 140 96 3%
F5Z LR L THREECIR D

N

8, #—ErT7So MEE
8.1 HERI—-EVERERA ZHKE LT
Boft a-tudsu b DRBILZE, f15 #K fod BRIV L
VEKEL S TERS, COBEHEROBHRLD L, LA
KR a~ty BEHRYBRALLEFBPEENTHD 205 D2 —
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A ZETESFORRKEFEE
H & B F*

Present and Future State of Large Transformers

Itami Works

Ryohei TAMURA

Ever expanding power demand brings about increase of the scale in power generation and distribution, resulting in large size
transformers never dreamed of in the past. The shell form construction taken up by Mitsubishi is a powerful key to attain the
aim of completing giant apparatus aside from the progress in the manufacture of oriented electrical steel strips, the rationalization
of insulation technique and also the new contrivance of transporting the assembled unit. However, the engineers are wrestling with

a number of problems in electrical, mechanical and thermal points for furthering the building of much greater capacity units. Of

many future concepts stands outs the inner cooled transformers, the completion of which will not be long before.

. £ & » %

iR A BHEER LT, 5 - BEOER L RBEOIREL,
CORAEOMIEE A —I L e b 5. BHAREROEED
Bk, BEO AL TO—DT, ke QERL T IHEHITS
5.

KIGACOEA RV, T SRR OHES, SRRSO
GEAE, WHEAE AW ILFRETHEEC BT 5% { DA
DRE L, (J8F BH U EHR OISR CESH T et U
TIv. KWEESZHEET I Hlc, Tk, @RicliEL
TR Rk PR & T L B R IR BR LA A & A ORMER Y
R REIE T bR, SROFER : BECRERIE LR
THPLATHS.

TEEROHMO S & BRI D BBFH I OWARD I
o, HW, B, BEAVCINEINRAWEEZEMRL T,
FBIEESCAEES Y BeT5 5 2 ORIE AL, RESR
BET OIETERVLEIE & BUFERNC b &0 B L i
Do T 5.

KEEALDOMHERAL, £ 10 4E37% Tk 100 MVA &k
BREREEREHL O R, BELD suif 5D, 200
MVA, 400 MVA & 8K LT, HHOREMIHEREE
OB LA 400KV 08« IR 2 SR B *
Auz # 1,000 MVA 2igs v Tn b,

2. XBE, sEE~N0#R &

IKIIZERETIT O % FEAR BT RE 100 MVA [ K TI
BOHoh, @BEE 287.5kV W AET 5 AN RS -
PMEWE . e RS ORBRICEFRSE 1 Ao
AEDEENbH 5.

KNDFEBCIEEAT & b 7o D KFIRFEDTTE & BIFK
M OHEAD G, KIIFEENOBBBEEOARAULDIT EL
<, 156 MW, 175 MW, 250 MW, 325 MW @ a—Fu 7
FEHRL, U EORTIDEFEIRT%. 200 MW )

U FSRE 290 MVA, 325 MW =5t L 370 MVA T 5.

BROBIBABHKC LIchi - T, EMEHM L Qe—
REBR O EERSKEILL, 150 MVA, 200 MVA,

240 MVA ¥7ch, X 300 MVA, i BiTErT

* FPHIAFTT
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400 MVA &ighH L LT3,

T, KW e T2 AMDERNBRY L Lk
DBENBFOME A LD &, BIED 275kV BETEXEH T
BEBIIIA TR S L TSR, RKILOBEBEEXEREL LT 440
kV 2B/ BHECABEIN TS,

Wl RBUPEL 72 50 MVA, X0 100 MVA Ll KB ER
DML ETEAR YR 2 1 17T SEha2Ea) T 150 MVA
LD RBEERER~ELXR 2V CRT. ThX b KBRS
DR DR 2 KERALOBEME 5 PP NAD I LNTES. B
HEOFBFEEENIREER O 312 MVA (F{HiER) T, hiiE
DEHFTH DY, WIEhO TERMTIERS 2 ZEBATO 370 MVA
DOFERRT D 5.

>2,580MVA
25¢ ]

20+

15

ESSY 50,000 ~99,999k VA
100,000kVA Ll L

1 D

=

F il

B 2.1 FENEEEEE

Fig. 2.1 Aggregate capacity of TR-production each year.
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g 21 %k E & B fFESH (I50MVA BIE) (37.7 W)
7y =
e X It i T8 7 & (kVA) T (kV); sEm | % HiEEA i %
B @ S h (R 2 PIS) 3 60 37¢,000 250\ 2% AlpmEw 2| mEh | Ty o ANEERERNR
W OW OB R G S/S) | S8 50 240,000/264,070/120,000 275 47X | 1840 4 2 1958-9
7 ” n i ” 7 7 s 1 e -
B ® h (EME 2 P/S) 3 60 290,000 2504 24 A " 1] Hfed L7y v RN EN T
4 (B # P/S) 3 0 290,000 147 1 19 A ” T e "
WORL W h (h M P/S) | 83 50 200,000/220,000/1 00,000 275\ 47| 157540 ” 2 1957
" &8 ¥ S/8) 3 50 " 275N 147 8 | 1575/, # 2| 1959-40 | ST
A AIsEA D) (B & B P/S) 3 40 250,00C 220\ 12 A ” Pomiesh
H B E N RSS)| 3 50 222,000/200,000/40,00 2751 V47N | 66 A " 2 mpeh | AMEEEERSRTIR B
4 (# & P/S) 3 50 210,000 147 N 17.550  n 1 1962
W W % O (x H|P/S) S3 40 190,000 77N 17.2 " 4 1958-9
Ju M O H (N M P/S)y | S3 60 190,000 220 1 17.2A ” 2 ”
WO O J 58 PIS) 3 60 190,000 110A 1724 I i 1961
B9 P8 W o (GEHE 1 P/S) 3 40 180,000 77N 17.28 # 1 "
" (JEH§E5 3 P/S) 3 40 180,000 77N 17.2 " 1 1962
4 ” ” 7 ” " ” 1 ”
” (£ &= )] P/S) 3 40 180,000 77N 1722\ " 2 I
oM B O G PIS) 3 50 180,000 1104 1724 » 1 »
O O h GF %1l S/S) | S3 50 150,020/155,000/50,600 220 VoA | 664 ” TR | AR 2w 7 DIRESIER
I R ) 3 40 150,000/150,000/45,000 275-140 X 77N | 1541 " 1 1940
4 (8 &k B S/9) 3 40 150,000/15C,000/45,000 275\ 77 L 1540 " 1 1962
Hod ® oH G 8 P/S) | oS3 50 150,000 154 5 14.22 " 2 Bep | SRR

3. AXBELEHRMELOMBER
RBREERRGT OB SRR ORRCR D, R
B9 BEIRY, BV 3RTD 27— AR E - Lo TR
WEDIAE B R TRE S Bk SR s B RRIMERE, B XU
SCHARAR, WETTEEDY B { B AR O HlTIE & ORI IR 1L

22D - R DN, Tk, WRERDDEH D

R R, TTIRBNTE, MO, I X OTLRY S

B, & ICRBEI L IREI R L b, TRBICD
VTR, H A B AR KT B 7 DR IRR
E MBSEBIC SREALET B

FE LOREAR DA - THEW
31 RETB#R. SHoTHE
AH OB AR & A RZEC I L fownfedic, KB
CONTRIC I D, iBIho B isilhomfc i v
FK%&f%éﬁ%ﬂkﬁ@kTﬂ%ﬂW%%A%DﬁHT%%
BHDRETHD. B, SOOHIRLEEG 2 SRR
K%e:f’a"é‘ FEER O WAL 7 b ORIITBEEEL -

LEZThD.

BRIV . BRI o MR oA i S, 2ok
BT D DA%k & B X T B RE 0o BAET
B Fioined UCRER S e b ok & SHbmEC RT3
REREE D D.

CD3FEFIC L 5T oMb EHMDEIEENE D55, T:ﬁfﬁa&'gﬁ
T oL REOTFHELNETS L £, ERHETTD
M & B\ IR 2 2 WE T B B e,

12k 24 ARTICS T BT v LOBRIEERT
b 0.1 Watt/cm?
AL
. B 3.1 SEMREEE
2 Fig. 3.1 Temperature difference
i’i 5r between coil surface and oil.
i
T2

03I 6 §101214161820 36 i

MBE (N Gece)

KTGBEERR D BUR & 153k « Ak

I & MOBEEARIISELL T B DR IHIRET O Bl
TH DA, EETI Suak—F OMEBHCE 234 T H D,
D% RIE T 5 OB AN Th - THL > 5% l//m:
ST %, KIBEE SR CrLRn ln_l%frlﬁ, MEENKE L,

T85% LA & AT, RIEEOHEEIIEL <k b, Esz
BB RS EINT 5.

JEFERREAR O FUHR 2 & Wl 2 DF ‘Jff\iil 3 1o0X35E, il
HAME T T % & 20CiRIEENE TR D b, 217y BIBCLE -7
O x5 2 5 X 5 B R H 2 5 OB ki) D

3.2 fEiEAE

SRR S AR R R D BRI RO B R ORI
FHEILTEMT 5. BEIVE - TEER-20 % 1ot—duz
—ETHB L, BRMOBEFIARD 12 Fiz@istpl, &
MERITERERD 100/% 1ot—dun S ThHE0 0, FkkE
7Ry a—u WERO 12 FTEh L, BRI 7oy
ca—y D2, FhbbARIBIERATSIZ LS.

LFehh o TIHRARBREERCR L T, RO BMATmET >
WTHBRRCEEANET, Fo7edRrgl T Tikie b
e kI awd e o1 ORBREBALETHD, ZR 1L &
R 31 & U—F BEOMETHLOLAE D & bhvaldis
Ry ZYCEHN LR AYEE © R S EHE AR i3
FROGIN 173 OFBPDIETH D, ZRE

BRLD 1ut—duz =R

Al DA (Ve BTAR) OHIRMN L, R TH4R
{RRERbRZLEHD.

3.3 EEiak, ERAH

RO X 3 AR /2 |IRIFILE L TERK 7u7 » 92— D5,

E] EEZEEVJ?“H:'EEVC*GZI:%#%WFH'%&V)QE e iz, EhR o
BER T2 AR ILEAL THERL, SR &ic oL Bk

By, BEEPCEERA Y AT D, /D - RIREERI VT
ZAUS BN BRI s Bie L 02S, KA BRHC e D & BATE

Bte b O FFHEKMEAA—FHE X L LT RIERIC T3
DT, BRI SRIEC S, & OREEIEH L EEL T
FUTEM BRSO, NEETTEAOBEAEREL L E,
REEE L BRSO B i
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TR
= AT ES R B0cs

210 MV A

— iR 17.55kV 4
ik 150.5-R147.0-143.5-140 kV A
R LHEE 187t HlicH e 50 ki

TR 232t WEEE 159t
{ob—duz 12519 210 MVA ~_3

REUTIER: (PRI R AEETE)
SH APPSR 50 c/s
MR ST EETIEIRAIIE 100 MVA

8100 kVA FEMH

— 147-1435kV A
—k 66 kV +7.59% A
=k 11kV <

M LR 172t (245t) jhi 63kI (12%)
ATER: 220t (35.3t) WHRAEE 138t
() MTAFSEERESR OIE) OETHS.
4.4 BEEEH (EKE 2 P/S) #h 3710 MVA ZEE=
1 588 290 MVA ik C 2 538, 3 5853 370 MVA ZBH#

CHAE R, BTERE S OFSBES 2 K IREINCRE IS

;;,”x;%@g()bb CKNEEEHITH DI, 2I5EVEEED 10y
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5.1 SERIYA R R

Fig. 5.1 Out-away view of shell-form transformer.
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Fig. 5.2 Ampere-turn and taps
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Fig. 6.1 (a) Sectional
view of inner cooled
winding.
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Fig. 6.1 (b) Sectional view

of conventional shell form
winding.
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Protective Systems of Thermal Power Generators and Transformers

Kobe Works  Takeshi MORI « Kenjiro HORI

New-powerful large-capacity thermal power plants have been brought to completion one after another since lastyear, making

a great contribution to the economical development of modern Japan. During this period Mitsubishi has produced’a number of

protective devices of related apparatus as well as the generators and transformers. This report makes a description of the

standard systems of protection in thermal power plants, chiefly on the protection of generators, transformers and high and low

voltage buses with introduction to newly developed devices.
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Fig. 2.7
Type COQ-M negative-sequence
overcurtent relay.
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Fig. 2.11 Generator field ground protection without
any relaying source except exciter voltage.
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Fig. 2.12 Type DGF-M generator
field ground relay.
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Fig. 2,13 Type null point shifting characteristics of
type DGF-M generator field ground relay.

e TH A, M2.11 (a) ©L 5k FETIEE Ry,
Rzy Rl"ly RFz ﬁg:

R RISt DA

Eleh ot

LasL, 2ok 57‘;%@‘3 OHFROKREZ, F2.11 (D) k>
DUy O—INTIEEMBIA AN TE i Lo THR SR

LOMFEH TR 5 2 23T

ﬁ

T3 eEIc s ¢ DGF-M I ARGEE S E T, 55 2,1
KIIFRERRRR LOBESRORETR - 24 - 7

# 2.1 DGF-M ¢ F kg snmiass

BT (E-%?EE) R B3 _??F"’ HE EE | -
(kQ) (k) (kQ)
DC 110
0 23+22 23
DC 125
DC 220 4 DC ey
P 5450 (DC 8¢ M-B
DC 250 5 ~140V)
23 11.5
DC 3ag 9
DC 375 10

DL S HEECHEE I LY, I2120L 543D ThHD. i,
B2, 13132 DHEIRO RRUELC 35 TR B R O — 4
ERLICHDTHA.

2.7 BEERE

FERINIRFBEREIAKRE L ERIL, BREBELEARSD 5
ShESPEMTES. Lal, -*ﬁf*fl’i’Jm?ﬁnﬁ% atx A b il
BENTHBZLTLD 5230 THS. Z0L> nlEdi, &
FEFERTC L - CREEARBETD 2 LR E L bRE. $io,
FHRDOEN L FIAR or KO DKBIER AT S 22450
5%.

TP ZTT— DB EREE & 7 570 & F O3
M BRI TR SR 2 B R X B S 5.

2.8 PT k2 —RBisRE

Tre, BIERNEIRCBIHL € PT ca—A Mo Mg, 5. %
7o WIEDOER Y S DAMISKR AL BERAEL PT oA
WIRRIC X o CMRGRENE D AT REME A B 5.

T Dfedic PT ba—2 i katiL, J‘ﬁé%ﬁ%’n UJT’F@YEi
BT B UENRS DL, FERITI T E R E MRS
LB HRL, BFC L 5T a2 AR LT %EE?b;aBi DAKTF
BETHRETREEE 725 & L2355 O TERIICE S MEASTHH L
AL Bk o e

ChiH L, REHBGT CILEE 28 Lo PT RZ%E I h T
WHZEEELT, 2 M0 PT HAORFA » il ch 4
% LVB BB HR GRS RS, BRI IhTw5

LVB-M BB P EIRIR 2. 14 © X 5 7l ¢, psutaa
AL, 2 HIO=WEE Eq, Eis, Eis & Epy, Egy, Egy ©
FHELRE LKL, TROBERI MR IS & #ETFLA
o PT A SEFRMET5 L 5o T .

KIEs| - Ey| >V,
KIE"EI—IEAlZ Vo }
2.9 EIRLRE
BUB o X 5 REREIEAE I & BB LR#IT, a—Fy ©

LT, CV-5-

2,14 LVB-M JBHH FES{i kv 2%
Fig. 2.14 Type LVB-M transistorized
voltage balance relay.

(1207) 47







T: ayJ{f
IE EEM FEER PR
W7 180,000 192,000 15,000
R SOV 17.2%4/ 3 3.45x+/ 3
=1,350 A =6,450 A =2,500 A
b. CT i 3,0005 8,000/5 3,000/5
c. Ig 1350X3000 ()450)(8000 _/,DOOX‘S**OE)
=2.25A =4.06 A =416 A
= 192 192
2.2 - 4 /g =
d. Ir 2.25%x4/3 X120 4.16 X & 3><15
=416 A 4.06 A =925A
ey CT % 1/20 3%
o1
92.5% 26
=462 A
e. T 42 145 42x4%g 46 r 5
=41
12 235
f. ZAVwF z‘f\ m O?} Fg-
Ier 416 Ty 42
,,,,,,, b e 1.02 it A X
Irg 4.06 102, T(v 49 =10
Ing_4.06 Te_42 )
Lm_469_088 Fo= L g=0913
Iry_4.62_ Ty_46_
o = e= 1L, =13 1.095
Ipy Ty
Ing T&
7”1(‘:’12‘%7'[ (EEEH—FREL)
Ir
Te
_1.02—1.00
=100
=0.02---293 Uiz +4.6% %Iz
| ~20~466%
Ine _Te
Ing T .
men=—t S GER—TITARIE)
Ire
IR
_0.88—-0913
=088
=—0.038-au3 YAz £47% EINZ

~8.5~+0.099%

R T Ny

Iruw_Tu
mm’"‘I‘R*Tﬁ;“z’ (AT E R R &)
Ty
_L11-1095
1.095
=0.014- 2w 35 #iz 2% Nz
:AIB\N +10.7%
g # A
fikg CT ) CT Y=z
EEEEM 3,000/5 A — 4.2
FEREHE 8,000/5 A — 4.2
T PRE A=A 3,000/6 A 5/0.25 A 4.6

(3) Ryy OEEE
LR L AROIIECHESNS.
KDFEEHER S L ORLEROREHX - & - H

0k 5 Ty ERf#r HUB-2-M M REREERA M
AERBA, FTAETERS L EHAESR Lk HUB-2-M &
HEEART X o TRHEERE SN T2

3.3 HuFEIREE

FEEREEMNOMBRET >ED L 51T 5

(1) BHRERHOMinhiin WREN Tk SR T
£3% Vo X DEfET A HREERERAE S, £T0BEE
PRI Ry LA REORIEXE W TIEE Yy
T5.

(2) BHREEIMTIcbh b BEATCILEEE PT oFHEE
ISErT A R EEEE B R AR AR A B0, BRI R T
LEHBERHHET5 PT O b 5 REEICER TV 2T 2R
R rywd T3,

BoR R R T A 2 RS DT, 13 LA YHED
HRBFAIR T3S,

TR 5 X OVR Th 2 FE SR D AR EE MV — AR [ BRI B B JiAk
HRTRETA.

N &1}»‘

4, BHREEFRX
LHTEESTBRTO BRI, FROBRERMREC Y - T

BREINBERETHD. Tinbb, RO NIRERMLSR
FLEIERTEERN 25D TED, BRI AIB LTS, —

77, FEEINT IR IOR IR ER SN D S L A%, EE
ﬁ%&_iﬁawﬂiﬂkféb,t<tﬁmﬁm$&%$o
FREM RS 2000, BRI TR DI AR b
AN AN
4.1 BHRMREEE
all D FEE AT I RSB TH D, HRHL
a.  HEIREETTR
b, BRERESR
DNTINE L - THT
o
FRRITIERMOKIMLO D H, Z4RHY 2 BicrhR
BRI X TADEIF 7243 6 DEITEBHENE L, TOREHR
SEROIFENCH L B TR X » THEEEIR Mo A e
X S wEE &l b,
L, T0X 54 HEIU EORRRIEC B TE—T,
(a) H, ZHBEFHESESIFEENLeOT, oL &nk
FHgRZEENR# 2 P AR O T BIfE D Ju—3 & LT3,
BID & FIEBRIIITIbI N (3B HA, D L S{RHE
THIIRTHELETET, FOXHIRER LML HS
DMEHEC T D D TR TIETIEV).
b, rhRE RO ORI R IBREIRC X 5. Licad
- T, [AKTEREFOBEICBIfR < BFHREELFIETH 205,
W R T U DR LT Cldie .
DT DS RERENEND S
4.2 BigESRX
TR OFEBEFRERIIIBALL, 20 ST REEvTRE ¢,
PR TTRE S AR AR T K Cle VISR e b i
@ 2 VKRBT O RHRR L,
a. TEOVERRRMC X B EAERIT K
b, @ETE CT OBE  (OHEEEREERETTHR
DT EHERL T 5.

PFHAFRO A Mo LT R D

(1209) 49










RT3

ERICE1TD Y ¢ HEOER

W E s

Trend of Circuit Breaker Installation in Thermal Power Plants

Itami Works Tsunero USHIO

With the increase of the unit capacity of new powerful thermal power plants, selection of appropriate circuit breakers has

come to pose various problems. The thermal power plants are mostly located in the environment of large cities, which brings

about a number of particular restrictions to the installation of the apparatus. For instance, extra high tension equipment is some-

times averted in spite of engineering advantage. This makes the circuit breakers interrupting rather high current even on the high

voltage side. Then depending upon the frequency of operation, careful selection must be made what type is suitable for particular

circumstances, oil or air blast type. This article elaborates on other numerous questions on the trend of circuit breaker installation

in thermal power plants, covering increase of breaker capacity, increase of rated current, and also protection against salt and smoke

polution.
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Fig. 2.1 Typical switchgear application in thermal plant.
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5.2 FERIELS HFOTRBEMEBERO—F
Fig. 5.2 An example of short circuit current
contribution from induction motor.
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B 5.6 SFAJ¥ 2P/ EHERE
Fig. 5.6 Type SFA totally enclosed
fan cooled motor.

5.8 (a) UKB ¥ HIKIFRATLETI
Fig. 5.8 (a) Type UKB open dripproof
protection motor.

5,8(b) EIB A~ ZELTLIEZAH
Fig. 5.8 (b) Type UKB motor with
upper cover removed.

B 5,7 MKB T By R s B
Fig. 5.7 Descriptive drawing of type MKB open
dripproof protection motor ventilation.
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58(c) hA-mR2FTTLIzEZA
Fig. 5.8 (¢) Type UKB motor with all
covers removed.
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Descriptive drawing
of type MKB-R
open dripproof
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motor ventilation
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Fig. 4.2 Ratiation loss.
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Fig. 4.4 Approximate equations and their error distribution
for enthalpy calculation (super heated steam).
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Fig. 4.3 Boiler efficiency calculation procedure (Loss method).
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Fig. 4.5 Approximate equations and their error distributions
for enthalpy calculation (compressed water)
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T o CnC, | 432587928 61.63.0| 65238 | 73.04.5 | 78.829
ff;:s i bTh 1 53404 58.22.5 63.13.41 67933 71429 | 72124
A 19517 20.9 1.5 20.82.0 | 22.42.1 | 2553.0 | 27.02.4
| BLOEE Ca-Ch| 190590 20,8 17| 21121 | 23724 | 2492.5] 25225
g W T o O | 202332021 34925 37824 | 42931 | 42726
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2B 0 7 R X 110751121656 132,563 | 143.47.1 | 151.46.7 | 161.8 5.4
S - 753 1.6 30.9 1.5 32.41.5| 34.02.0 | 38.22.6| 41.01.6
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