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The Latest Large Capacity Steam Turbines for

(Generator Drive

By Hiroshi Sato
Hitachi Works, Hitachi. TL.td.

Abstract

It makes an outstanding feature in the extension programme for the construction
of large capacity thermal power plants to demand the fulfilment of the America’s
highest standard of technique in turbine engineering which almost denies the com-
parison with the Japan’s general level of technique in this field.

Still in the last year, in fact, no Japan's turbine manufacturing companies had
been fully prepared for the construction of high temperature high pressure large
capacity turbines, scaicely passing the confines of research, the fact which made
some electric power companies have recourse to the importation of the plant at the
tremendous expenditure of dollar on hand.

Hitachi, Ltd., however, has lead the other indigenous turbine manufactures in
completion of both manufacturing system and facilities, acquiring thorough knowledge
and practice of turbine engineering for the construction of large capacity units.

Thus, in August this year, the Company has launched into the designing and
manufacturing of 66,000 kW turbine generator, specifying 88 kg/cm’g steam pressure
and 510°C steam temperature, to be installed at the Tsurumi No. 2 Power Plant.
Tokyo Electric Company. This turbine generator, when completed, will make the
Japan’s record in output capacity.

The writer introduces in this article the above machine designed mainly after

the type of International General Electric's turbine.
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Preferred Standards for Large 3,600 r.p.m. 3-Phase,

60 Cycle Condensing Steam Turbine Generators

Air-Cooled | Hydrogen-Cooled Generator
Generator | Rated for 0.5 psig Hydrogen Pressure
Turbine-generator rating, “W 11,500 15,000 | 20,000 30,000 | 40,000 60,000
Turbine capability, kW 12,650 16,500 22,000 33,000 44,000 66,000
Generator rating, kVa 13,529 17,647 | 23,529 35,204 | 47,058 70,588
Generator power factor .85 0.85 0.85 0.80 | 0.85 0.85
Generator short-circuit ratio 0.8 0.8 0.8 0.8 0.8 | 0.8
Throttle pressure, psig 600 850 850 850 | 850 or 1250 | 850 or 1250
Throttle temperature, F 825 | 900 900 900 | 900 or 950 900 or 950
Number of extractions openings 4 4 4 5 | 5 | 5
Saturation temperature at 1st 173 | 179 | 175 175 | 175 1S
openings at “turbine  2nd 235 | 235 235 =~ 235 235 235
generator rating’’ with  3rd 285 285 285 285 | 285 285
all extraction openings  4th 30 | 350 | 350 350 350 350
in service, F 5 th — | — — 410 410 410
Exhaust pressure, in. Hg ats 1.5 | 1.5 1.5 1.5 1.5 1.5

Generator capability at 0.85
power factor, kVa

20,294

Hydrogen-Cooled Generator
Operated at 15 p&;lg Hydrogen Pressure

40,588 I 54,117 | 81,176

———-

27,008

Notes: 1.

A tolerance of +10F shall apply to above saturation temperatures. (Tolerances shall be

unilateral so as not to reduce the spread in temperature between adjacent extraction

openings. )
2. ““Turbine capability ”’

1s guaranteed continuous output at generator terminals, when the tur-

bine 1s clean operating under specified throttle-steam pressure and temperature and exhaust
pressure, with full extraction from all extraction openings.
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The Change in the Rate of Increase

and Decrease in Steam Consumption

According to Steam Condition at Turbine
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Sectional View of €6,000 kW Turbine

& FEWRE & A 30U D ERETHC TR S Z DT
H @i E b O w — 2 [AfiEEAE A DU T

(1) # —F v H=

B2 - vy —o v 7 KL (1 60 kg/em2g,
485°C O % — & /I Tik 1% Cr, 0.5% Mo #i8R.,
88kg/cm-g, 510°C D &~ /Tt 2% Cr, 1%
Mo Fifiz CVEB LD, KA EE r —v v 7 L ixRIE

Pho Ligie—w e 35602 0 Cr-Mo §gloacidyd

DB & AZTs DR & % ﬂ&&@é>liﬁﬁﬁﬂﬁ:
TS Z OFYRORMERGE R 58 7 LEE DB 5 %
DR EHES %4@HZWKE%WWM%ﬁ¢;%
m&-yyﬁmﬁ{#7ﬁﬁﬁh$ummm&HWyﬁ
P % 2 ISR D T OTIRIK A ~ —E7e IR
T Z55EIL LTy — > VI EES OIS
EZRE )L OV EYS ) IC  LE— O b R4 TR h
oo K7 — & v 7 I XGRS Cra R 7 s
B Ry —v v 1RICE bR S, S ISR
LEBEHEAF L FEIC LTS 2 s 2 —o 2 v X
e U TUIB S IR D IR 17 ) o« TEHAESE
GHIH ARV X 5 T ey Z2HISr AR TTARF T =
F — D HNC kD CEGWER L TR TS 5D, BE
TR T v v 21 & WSS T 2TV ﬁ%
L XBRCHE D AGTcEBEx1T5 . BEX ¥V F U/ F
2T Y VRN 9 FVEVT —R—= 0% 9 F VR
HUBEEZ— v vy Fiivd— R —o— oty F v
DHZRTCE D, FEY VRS g F V) VFIREED T 2
v MBI E R A v MIEMIL YD AF ) v TCH

ity




O # h W %
Fig.5. Taper Land Thrust Bearing T =25 7 4 b BB E— € X
Fig. 7. Stellite Plate Soldered Turbine Blade

P

EOR BmEFX A Y7 T 4
Fig. 6. Welded Diaphragm

Xz bBALA S A lcd J7—Hilil & B2l 4 X 5 fediis

=, DS A Y AL KT HEC R A A U FEM B M A& M x K
C L T Fig. 8. Governor Arrangement
5 TE & — ¥ IO EE O W RN —E m Ok 2 ik & 3) JWWIWRUXAY 77 L4
o, AR % — IO EE O ETT L A v~ 2 Z A ) NI RRNBORBGRA T T F 7 ol LT Al A
HORHEEO ARG T 5T 9~11m O~ F X 13Cr g » IEfECHI D il XD, BHEHROX A ¥ 7 F
vz YrhhveivmkEing LS D 2 TN %Iav‘)r M Ja )'I' (oM & A
(2) R RO HH S (IR el T F (B A0 L8R S L BRI B A
fifisE 2 & v R ER T A g R “”m_t :f;";’f_ Y — L F Ak ;i.il_ﬁi@f’;-luj;i@!: i;. /'\.T?z‘tﬂ-'.i{i*ﬁ;&:-ﬂ:_u-l*' St . 86X
e —IC B} L L O I f;: DT D ERERC i b A %D s IHEMSETO XA ¥ 7 7 A U CESGREET E D 7
RO I ST 5, E%‘TE;H-‘H !c’wm M7 SNRDBEATEIATE HEDTZ DI h b OZELXIE
— oV TP A X AUT s S A T AL, 25 ISR DM BE P IL =L B2 bWV, 77 FEED
D XS FRORGT & TIPS 32 DOl DEANT T AN gF /TIEPIED T E Y VAR 5 F v
A A R R U CIHASHCIE B TR & L C BRI LIAERD S DT 2
DY —F a2 4 N JeORENRTFHZE(EE & DU HAuE (4) B B T O - X
frfRsFC LA L3 T”f‘i{'a%f?‘;'tﬁk I HEEINTV B, ffE EH 2 — O D EEDORED S\ EgEoH L 13
TINEHE T — 28— F ¥ WAT & RSS2 2 L iTdah Cr-Mo i b, Do DML 13 Cr ok X
NWAHKETHICAT A Y BT —OLMMN AT A FERICHE O A IERECHI D & H oW 1 AJC @R T oyt T

- N

WCAD LI DTE D AT A FRICIETE 7L LTI HILD M,u\ LT I2E i RO BAEIR & L
Elgasfrioh 5 X ) fskothiED T S HoouE U cfs BT IR O BRI T S DI A B e o T &t 2

I
el |1

HJJthx

WAL TS, 8 S B 2 Oz 2 7m Fodheline ot U T4 00 S rial e Rk O3 A

31 —



T

H = K 71 E B B B & £ £ Bl & 4 &

ENTWD, AsBEEOAOMICIZIRAT T 14 PAR _ﬂ—EVﬁ~ﬁm%@EﬁCHWM%WﬂiM®hﬁ
MRAT LT P v ik BBah ATt 5, ETIELZ O D—FEEDOHI D H L » — 2 TAS o8B ¥ AL
AT 74 PHUEAEZ ST, HIVEHI D FEimih D BB A 7O EERRC AN B o v 7

F DO D DI DOIEE TS, Y7 o
DS fALA T T O OB 115 & @
(SR E R AHTR D SR OB RET 5
PR FLHEE (X S I X b L Cc H o s %
B E R ﬁ*?ripiwaéh Xf L AT B ALE A3
BT 5,

(5) @A & &£ B

TR VR B LT U TR b METHHEER I A 4
JV—KTh b, ESBIT T MligHIzx—
v — X D il AR v 7 SREL 0O v A — A s Tk
DEAEN RN D . PSR 2 (HCH iR e H5

@ W #E £ 200 psi
@ # s g 25psi

@ L s i EiS Fi-
1

©  FlE v 7k A E 200 psi
(3) == A >/ 7"
® =EEF> 7 ADEIE 15 psi

OS5 AT, I

® Wl v U < 2

® W E @A & ¥k L F
W T #H O
@ HEAEBIm R >~ 778 #iEE I
@ EHEABHE 7 ER[]AL
@ # = o & # K XK L IP
@ *+ 4 v 2 — ¥ v # &G
15 N A N b3 I
® F+ = 5 7 »x p 7
@ i [
© # 2t ) o
@ WwE 77— R KX~ K 7T

@ X — ¥ v EXE ARl A T
FEOR M E R o W OB W R &

Fig. 9. Diagram of Lubrication and Governing FEIOK = = 1k i
Oil Line Fig. 10. Main Stop Valve
32 ———




kBB

“"i.

ot o H

& W)

-~

I R SRR

W Rl O B K O B O f v bR AE R
X85, ZDORL vy VROMMMINIEERA ) —F 2%,
HDEDAY —FOMEAPEIEE LT 2 i s
ALY EFELDHT)AHE L CH—KE— 2 AN
DA vy FFREEID L — BT — X 2 LIRS
A BHER U diEE kA 75 . dids, fAatrhiBies, FihE
ey Wl F — % — %, H—FEE— X )OGS

TET FEBDE RS AR 0 MIERSE S PNCAEA C B AVANTN D
Wh 258 ISP GO %, L B ARKEIC K 416
Sat 8 fHifi 2 BICIS U A O RSB X v %

AL v Iy — P RICHR IO F AR L LTHF
AV T D, ST Y= MO ATF 4 P RA
e LR Bl ZON I EE 22 Bl L Hoo 9 A D 25 (B~ O BLAf
Hmﬂﬂwﬂﬁ%%muvf%MWﬁL§$Hﬁm¢%
L IBREEIIT

A L —

A h

5,
(6) B & H® X #
8 9 BN 1 ORIt e EIH A v 7 i

DRGER Y7 ChD . Zhut J:J
LSS HEC 4 M EO B 2 & %
— ¥ VRN & 70 D 7o bV INE £ HoBRENE LA
D CHEE VU & L )ﬁ;?kA;Fﬁcm/«.%§WﬁWN%H;
RGBT LB lodbAd AN 2 v 2 CHER Y715 D
ZAUSHD SR v OWGAMIZ A LA £ 405
THHEA ¥ 2 IR AR v 7 e H oo A e 9 [a: X 0
DAAN R —E N OTEFN XN DA AL 2 -
DFEHTH KD G A @0 CHsE B & L Ol X h
2. HMEIEEOBIL A EBE L TS HhREXE LA
Ol HGr FHER Y7, Hilh AR v 7 ORI &
7 FIEhE B HEHMDIR O S OB 23 A e
I HOA E 000 D im0 DEAVEEC L 4

D AR 71 H

2P _FEF L 2TV %

(7) £ B i #H

FEEIEFHITHEE A b v, M v o PR AR
Jhubcﬂwghwd&nﬁwlﬁwiﬁMW&DF%MM
i AU S KD RED S THh D, FREB
%2m;omuﬁ@&@mm R E 7578 B B L oiad
THIRCBHEAT %, FHRORIIFERIE & L &S DOTHN
X LI EIET L ARSI AT F A b
AL A Tt U Rl 2 OF 285U LB g X v Ty
Do ZOFEEBICO BRI Lo E BT & —

v EIORREER O < 88 kA ¢ RE T S R Cw
hﬂmt?~%:/mﬁ%0hﬁmﬂﬂvfbwwd%ﬁﬂ“ e
(O I OMECIT b & T4 . ZO 1 RO
PAUEIEDI AR v 7" Al U CJE )il 26 0 54w o b
P U CBE 2 179 4 O G OFRPE R R C LR
T4 xR - G R D YERNC (e O Sudlic 4
Al TR —EvwE g lLldd Likithlhchsb

ol

IV ] #%

140 27 HARDR - v A —P
International General Electric Co.
EHEBEOTGE ORI A 0TS L AU I
ZAEORRER L TFgE & ANz CREEFEEH 2 — € /rf)%
FRERIER T 20 { Ofc. PIREFHERE 2 dHi o
VSRS e 1 A B E Lo o x — e vt 88k
cm?g, 510°C, 66,000 kW - >->-<LH }J L OSTRECNT 4
SIS C 3R Jd),.r-ﬁ«:rﬁq Cdo B, T2 AR -
CUEREXT N D T\ FE Y] ﬁﬁiﬂﬁﬂ*&ﬁﬁlﬁﬁ I8 DUEHR
LN LBEC £ DFEET 2587 LoD CABUC & OFGFTO
Gis A A U P o & s | 2o AR A D 3k
EEDPAE i £ 2 nTe =i ;-

H AL B LT
"_ri’:“é‘h ;:)

—

vl X

(E_ .r"‘\..lnHIj t r‘. 5 fJ

— 33 —



621.311-824 (048.1)

&l

(BE26 HX DHE< )
621.313.322 =5k RTBRE—H%
3) WIFHEBEMDIEE
R —RR: HBaitam 17, 7
621.313.322-315 A —pRZEh
D z2—RBFEEEOTIEER
[hEFEs:  Hirg¥im 10, 5
2) Hrx—E¥RlL—X~—
> | i
x — RFETERE
OO TRR: Hargkim 18, O
4) 31,500kW K45 % — & IR
KEAEE: HrafEm 19, 9 (B 11.9) 563
KK — ¥V IERB DO PR SO T Bt T
SRS BHarSEd 20, 3 (@ 12.3) 197
& — RFEEHEDEAAE AR
HEERE: Haralim 24, 4 (B 16.4) 183
1) BIEARFEGEH 2 — KFEERE
JeAE—: Bardkam 27, 1 (E19.1) 1
2 — ¥ vHEREEF O AR O
Bklbsk: HPs 27, 5 (2 19.5) 264
FIE~ v 7 &R 12,500 kW % — & U FEHEER
EHEA, fhEAH:: 34, 5 (B 27.5) €57
JI e SR A AN T3R8 15,625 kVA 4
— ¥ VIR

Vol.

7 9.7) 317

(I3 2. 5) 367

Hacatiam 17, 3 (7 9.3) 121

3)

(g 10. 5) 283

8)

9)

10)

B 3z

B K V7

B&WF ;s — D Y ~ —F L EBH L &

AEIC D E FE L COHB R TEIRITAT~

¥ 1T Fh
KBtk 4

= —;t 8T <3

= fin B O#HR

< H
e & TS i RIREIC D2\W T o
AV PRI TAFZE (Bl «ooiv i
Ve BE “9° B B S8 viesvnamedicdana
— A i Fabis (R O BRERH BT & I EE ST DN T
PRI OFEIEE RS O TR ol - B ENHRR

BEFETS BOSICAT A b A XL 2FF, SFE okl

X 1

i

5 (RKETH1R) ~ B3HH FIE5 (BMBEIR)

e EM Hargbam 35, 7 (i 28.7) 1021
11) RIS FNEEAEEITH £5,000 kW %

— ¥ VIO FEE LR

AR /] PERETEE] ., 2R+ RE,

ifam 35 8 (4 28.8) 1137
621.316 EIER. ERS

) BRI NG B K I3 E T e

=W EA:T Har

PR Horgtam 34, 11 (g 27.11) 1259
2) KHFEBATHA 2L 25 5 FEVER
HRERL: Hirglam 35, 2 (B 28.2) 289

f'-.
!

HUOLTE M A A TR RS

SEE

FRL—3k,

8) 11£3

621.317 BBKEIEZ=

1) & —RIEERKFEGRELE HIF AR ICHE

SRt Nl o2 N i = I =2 i
(3 28. 4) 681

621.359.4 B EINE

1) KT FEEFT I ESUE R O

PR ON VI

35, 4

EIDE=: Har¥am 25, 4 (B 17.4) 215
2) Bl DESYUNELER & £ OF i
fEayE%: Hardfam 25, 7 (0@ 17.7) 408

Gral D

RO
i Attt - 4 1 T 8 B
A iR &k - 56 1 T 8 {5
F S AR R Sk - SRR
s A - B F ﬁ{g
e S I~ = T/ A & N

F Y8 b 2 £ Tt“ﬁmﬂ@ﬁ% B M @

ks 13 A

SEEE M N B |lE |

BB LE T,

wn__ﬂ’\ﬂi—t £L B i #F 2 B

£ b 2 BT 60 '






