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Synopsis :

Recently, in order to decrease load fluctuation of thermal power plants, numerous
pumping-up power plants have been constructed. The capacities of those plants have
become gigantic and higher strength forging steel is required for penstock of the
pumping-up power plant. 80kg/mm2 class forging steels up to 360mm thickness for ring
reinforcements of penstock have been developed by controlling the boron content of
grain boundary and heat treating conditions of 1.5% Ni steel. Consequently, notch
toughness and weldability obtained of ring reinforcements are satisfactory for the

Okukiyotsu pumping-up power plant.
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Synopsis:
Recently, in order to decrease load fluctuation of thermal power plants, numercus pumping-up power

plants have been constructed.
The capacities of those plants have become gigantic and higher strength forging steel is required

for penstock of the pumping-up power plant.
80 kg/mm? class forging steels up to 360 mm thickness for ring reinforcements of penstock have been

developed by confrolling the boron content of grain boundary and heat treating conditions of 1.5%Ni

steel.

Consequently, notch toughness and weldability obtained of ring reinforcements are satisfactory for

the Ckukiyotsu pumping-up power plant
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Table 1 Pumplng up power plants in Japan”
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A X o TS B\ D % TIRIES B i)
AFERAE ] PN LT 2L U s LT Eh
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Year (Syowa) ‘ I |5Mu?:ptfg: Effective Max.
T Location Designer River ‘ Type*' rate of head ge::\l;aet;ng

Started LCompleted | (I‘:?/t:gc) (m) (MW)

{ 43 Kagehira Shikoku Electric Power Company, Incorporated. Naga ‘L P 60 89 ! 46

i 40 Shiroyama Kanagawa Prefecture. Sagami F 192 153 250

\ 39~41 Ikehara | Electric Power Development Co. Shingu P 342 120 ¢ 350

40 Yakisawa " The Tokyo Electric Power Company, Inc. Tone P 300 93 : 240

43 Nagano “ Electric Power Development Co. Kuzuryu P 266 a7 ) 220

44 Takane-No. 1 | The Chubu Electric Power Co., Ltd. Kiso P ann 135 I 340

43 Shinnariwagawa‘ The Chugoku Electric Power Co., Inc. Takahashi ' P : 424 84 {\ Kiix)

44 Azumi The Tokyo Electric Power Company, Inc. Shinano P i 540 134 624

44-—~—A45 Mitono | The Tokyo Electric Pawer Company, Inc. Shinano P 360 79 245

45 Kisenyama ‘ The Kansai Electric Power Company, Incorporated. i Yedo : ¥ i 248 219 466

43 51 Masegawa-No. b The Chubu Electric Power Co., Ltd. Kiso ; P : 35 100 286

44 49 Shintoyone ' Electric Power Development Co. ‘ Tenryu P . 645 213 1125

44 49 Numahara | Electric Power Development Co, i Naka F i 172 477 675

45 50 Niikappu E The Hokkaido Electric Power Co., Inc. Niikappu P E 234 99 2n0

45 53 Shmtakasegawa; The Tokyo Electric Power Company, Inc, i Shinano P : 644 229 1280

46 51 Qkutataragi : The Kansai Electric Power Company, Incorperated | Tchi F : 376 83 1212

45 5 Ohira I Kyushu Electric Power Co., Inc Kuma F 124 494 500

A7 ’ 51 Nanbara The Chugoku Electric Power Co., Inc Ota F 254 204 620

46 53 Okukiyotsu Electric Power Development Co. Shinano ¥ 260 470 1000

48 82 Okuyoshing The Kansai Electric Power Company, Tncorporated. | Shingu F 144 506 603

48 56 Tamahara The Tokye Electric Power Company, Inc. Tone F 276 517 1200

49 53 Okuyahagi The Chubu Electric Power Ca., Ltd. ‘ Yahagi F i 234 414 1140

* T : Fully pumping-up

P : Partially pumping-up
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Fig. 1 Sketch of penstock for Qkukiyotsu No. 1 pumping-up power plant

RO R R OMAERE A b, ORI HEER S
Ao LREHEER TGS, Lishi- THARE
FROBILS TR e R TA L0 L Tl S h
%,
BRREFHFORBTH LAY A b v OBFES
Fig. 1 Rl 1o, @A DRICHER S 30 T
MO EE RE IR D, FEEOAEL
b A A T ELRS T HEOEN G 5 M
RS Z LRI TR L 0, ST kAL
L, TOHRBOMAEL TS0, TR
B & (8 URREE & LT Ao R A MR R
Lo SN, B, AFEORER TS
e i Bk, Linl, T0iEON5E
X b BEER LOMHITRIEN T Fig. 1 O
5T AP A TS ERT B 2 bRt - Az

3. syt EHRRI IR

T RO R VLRI, Y A, L 3
HES L. Yo <o nlv B tw L
THLD, GHOLS LA by 2 AR

LU FoMp e, BRI 8 D1t dh
'i DM E R TS AL Y v TIRES
RENFOHABILWESh 3% 25, BAO
FooaBHENGBRT LR, L Lk,

COEEESEEMEI D D EAE D LD
BTG,
GRELAE 2 7 - O T, Wi

& U‘%??ﬁféiﬁf't% DOHEESAEG B R T e

, Hophist oA Fig. 1 wminl o g

“ﬂiinéfﬁ 03&%&(%')7&51‘[’1@%% =L/ T

Tr o T2, AESE U AR R g o #L

his Phote. 1 1omi 7o,
FRRNER I ER bl 35 T OOk o B o - Bh

P AR R X LA, BRSO B MR HEC-E

Photo. 1 Branch type of spherical structure

of Okukiyotsu
plant

pumping-up power



Vol. 7 No. 2

BIKSERAT 2 7 b o 7 MM 80ke/mm? EEER 8512 DL T

163

45208

T

40004

1

I

[

|

i

(

|

|

I

|

|

|

|

t

1

i

[

|

L

i

1

{

l
N
1

{~

_9<

b

1
’
~

Fig. 2 Cross section of ring reinforcement of
Okukiyotsu pumping-up power plant
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Table 2 Required properties for ring reinforcement of Okukiyotsu pumping-up power plant

Mechanical property Weldability
Part |Position| Direction | Yield | Tensile |Elonga- |Absorbed, T ﬁﬁgznt t};!rﬁ;)hizt' Vfglén ‘ v‘i‘;.;din
point | strength | tion SNErgy E"és phere welciing bond bond
(kg/mm?|(kg/mm?®)| (%) | (kg-m) O (% 0y | (kgem) | °0)
Va1 '
Hub | Center | ¢ &8min. | 7893 | 16min. gf;‘%‘é‘j —40max.
i
L | _ | semin |
Surface | ‘ (-20°C) i . 30, 80 150max. | 3. 6min. | } max.
c 68min. ‘ 76~93 | 16min. = — —
Body . . ;
: i -
| 4.8min. !
L — - el
Center o ‘ (=570 |
c ‘ 68min. | 7693 | lﬁnﬁn.‘ - | -
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Table 3 Desired chemical composition of HT-80 forgings
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6-2 {LFEAST SHEHEIER

AEMOLER S, R 2R TR LR

MELME T RE0.56—0.58% &

TH b, ¥R
I S i,

HEEE D
Powe fEA S BB

Is X OSBRSS (Pow) i Table 412 B, FEETOEY B IVHEREERY
ALt Table 5 =3, T hofdi LA, Kb,
Table 4 Chemical compositions of HT-80 forgings (wt2)
| |
‘lelrgl;];ss P | S Cu Ni % Cr | Mo \' B ‘ Ceq ! Pou*
. ‘
A | 2 | 0.009] 0.005; 0.03 | 1.56 | 0.59 ; 0.42 | 0.0510. 0019\ 0.570 1 0.282
B \ 280 | 0. 009‘ 0.008! 0.02 | 1.69 | 0.59 | 0.49 | 0. 0480. 0015‘ 0.579 l 0. 286
1 i
c ] 360 0.36 ‘ 0.91 ‘ 0.0073 0.006| 0.03 ‘ 1.53 1 0.59 | 0.40 0.0400.0016‘ 0.556 f 0.279
* Pop=C-+ /304 Mn/20 + Ni/60 4 Cr/20 4 Mo/15+ V/10+Cu/20+ 5B
Table 5 Mechanical properties of HT-80 forgings
‘ Tension test Impact test
Thickness R . I
Heat | Part | enim) Direction| y p | T § | EL | RA | vE | vEou | vTrs | vTex
(kg/mm?) | (kg/mm®)| (%) | (%) [kg-m)l(kg-m)| (°C) Y
Hub | L | 7.1 T 85.3 25 { 67 | 25.1| 24.3 ] ~90 | —92
i c . 771 8.9 26 6 | 16.3. 9.9 —60| —58
L | 7823 831 25 | 72 20.7‘ 20‘7|—85 —90
C | 787 | 831 21 ¢ 54 | 12.7| 7.4 —451 —47
A L | 7.1 ‘ 80.8 ‘ 21 ‘ 56 | 21.21 701 40| —43
Body cC_ | 749 80.6 17 | 39 681 36| —51—-2
L ‘ 74.6 80.6 | 23 ‘ 61 ‘ 20.0‘ 10.2‘ —35 | —40
C | 7.5 | 8.0 | 7 | 42 | 60! 37 0] —1
L ‘ 74.7 80.6 ‘ 22 ‘ 52 18.3‘ 11.3 ‘ —36 | —32
c 76.1 821 17 39 6.0/ 4.0 —-9i-11
Hub L | 71 [ 8.1 ! 26 . &6 24.11 221‘ 101 |—106
] C \ 77.8 | _79.9 | 27 - 65 | 17.0| 12.6 |- 65 |- 62
L | 7.9 | 80.2 21 68 | 22.11 18.8‘—80 —81
cC | 71 | 7.8 22 62 | 19.8 . 13.0 | —48| —50
B L 1 76.3 | 80.1 24 58 8.4‘ 5.4 | —30 | —32
Body C 75.9 | 78.8 19 | 40 6.2 32| —-1|—3
L I 73.8 | 79.8 ‘ 22 1 60 12.3‘ 8.2 | —32 | —43
C 74.6 | 79.6 18 . 39 59 41| -3|—8
L 1 769 | 50.2 ‘ 20 | 58 ‘ 8.3 6.9]—22] =25
c 75.8 | 79.3 19 | 39 7.1 38| ~5|-2
L ‘ 75.1 ¢« 81.6 | 24 | 72 | 23.3‘ 236‘—104-—106
C 76,0 - 824 1 22 | 62 - 155]| 13.7 73
Hub L ‘ 76.1 | 81.9 1 25 ‘ 73 | 24.1 232‘ 103 [~ 107
C 76.8 | 82.7 ‘ 23 62 | 14.3| 14.9 |- 69 |— 68
Z - | - — — ¢ 15.31 13.8 <~ 60.
L ‘ 72.5 | 810 ‘ 25 ‘ 69 13.1‘ 15.7 ‘ - —58
- C 73.7 | 8L.6 23 52 7.1 5.2 26 | —21
L 7i.4 | 795 | 21 | 55 | 21.7 3.9| ~ 913
C M4 | 793 17 ‘ a1 | 42 21! 19| 19
C Body Z — | - = 28! 1.8) 38! —
L ‘ 72.1 | 80.2 | 19 1 48 ‘ 14.5‘ 5.0‘ — 8] -9
C 71.1 | 80.0 | 16 | 44 | 3.8| 261 26| 21
177 [ 8.6 | 783 . 20 ' 49 | 1637 29| - ¢|-17
C 68.1 78.4 ‘ 16 | 37 4.6 2.2 %‘ 26
o Z 68.7 . 78.1 15 |32 . 20| 11! 44 -
L ‘ 78.1 ' 83.9 | 24 | 74 | 25.81 25.6| —98 | —94
Plate C 76.7 827 23 64 | 157 15.6! —78| —76
; L 7.4 | 837 | 24 [ T2 ‘ 25.1 | 24.9 —83 ' —8&7
P cC 75.t | 827 . 20 60 | 16.0] 16.0 | —72] —5¢
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6-4-1 BEFHREHERR
ShUEER C O BsLin A By Table 7 o4&/t

b Position Thickness Table 7 Welding condition for testing of weld
E ccnller Sutrfacv lf;(ifﬂtJCenter 980mm jUint_Sm__ B
| EeEeT wgme | e v
= SLer, 260 ; anua anua
o mm Welding method welding welding
o w0k
:EL 80 g, B . " ﬁﬁ” Welding meterial KS-116 EK-8
=z ? o Wire dia. 4.0mm 5. 0mm
L [Heat UI“"“(':”“ Welding current 175A 230A
40— -
- Al o] . . " Arc voltage 22V 23v
3 B B | & | s .
a Clajes Welding speed 15cm/min 12cm/min
E o i or
Jis . 1} o
5t . e Heat input 15 400] /em 26 500] /em
o a bl a
Ei-f —4or o %o Shape of groove "WCS 30
I N 1
- L. a S : )
T d s . L
& . ;
E I -8 : 8 30
5 i : Number of pass 35-38 35-38
“ a o
I V] . C . J Pre-heat condition |  400°C, Thr 400°C, Ibr
Cooling time from B0G°C to 400°C {sec) Interlayer temp. 150°C 150°C
Fig. 14 Change of mechanical properties of Post-heat condition 200°C, Zhr 200°C, 2hr
HT-80 forgings with cooling time _ —
Table 6§ Change of tensile and impact properties with stress relief treatment
Tension test Impact test
Condition Part Position | Direction Y. p. ‘ T. 5. FL |R Al vE o vEor T
(kg/mm?®) (kg/mm®)| (%) (%) (kg-m)"(kg'm) G
:
As quenched ‘ L . 7.8 ‘ 82.0 ‘ 20 | 7a | 242 ‘ 25.6 | —110
and i Hub 1/4¢ — e : - :
tempered | ¢ 1 764 | 86 | 2z | 611 68 | 156 |- 82
o I o . .. o
After S. R. L 5.9 | oszz | o5 | 7z | 225 | 2a5 | 100
Hub /4t |- : — - —
treatment c | 7.8 82.1 | 24 | 66 ‘ 5.2 | 15.5 | -7
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THHEL, #RHRBR (CHAD), BXABE IV
RETO B A (T 1o 5 Bt & Table 8 & XL U
Fig. 15 &,k L7,

GHED ¥ ¥ TR AEENE LIS L M h b D
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DEEREE L FIRgc Table 8 KW AR L7-2% S.R.
SRR L b R SLE R AMET LA,

s S, RAENC L DT RAERS LU S
DETIZE A XRS5 T,

6:4:2 F--BERER
AIFMCo 7 — ~—paERE (JIS-Z3115) @
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Table 8 Change of the impact properties of
weld joint with stress relief treatment

Impact test

Heat : , A
input | Condition i Bond 0 ___HAZ o
{(J/em)  vEw | \Eew | Es | B,

} (kg-m) (kg m) (kg -m) | (kg-m)
e

As welded s.7(15)i 4.3(78)'10.6(18)| 7.3(60)

15 400/- S

After S.R. I ‘ .
treatment - 8060 1.5(72)‘ 5.3(42)| 5.9(23)

26 500 As welded 6. 0(42)‘ 3. 8(77)‘ 8.9 (0)] 7.8(30)

( ) Crystalhmty (/)

400 2mm from final side
= As welded
250 e--2 After 5.R. treatment
300
£
L]
20
Z _ dmm - RIVER
= Steel € Jiad] Depa. Ha ACE K 0
w200
LT s i
= Zmm from backing side
2 350
300:-
250 )
mm o CRIVER
apolSteel C[HAZ] Depo. |HazlacE K-0

Measuring position

Fig. 15 Hardness distribution in the welds
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80%, KHEEHSE 25.5Torr O FMAH CHEE
L7, )

100° CL T o FREE c+adlh R TF,
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BL T L InEEEo BRI h gy s L,
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Fig. 16 Taper hardness of steel C
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Table 9 Results of oblique Y groove restraint cracking test

Condition of Ambient Pre-heat temp. Surface cracking | Root cracking ' Minig‘mm
clectrode atmosphere G4 95) ratio (%) ratio (%) p::;n;at
i R
S | - e o |
! 50 0 - -t —
' 75 1] 0 1] 0
As dry 30°C, 805 100 0 0 0 0 75°C
125 0 0 0 0
150 1] 0 1] 0
50 0 — 0 e
75 0 1] 39 1]
After 1 hr . 30°C, 80Z; 100 0 G 0 0 100°C
i 125 0 0 0 1]
: 150 0 0 0 0
Table 10 Welding condition for testing of weld joints
_ . s ) . . _ n —
Heat/é;%m Shape of groove Welding materials Welding condition Interlayer temp.
38400 v type N UIB(de) I 600A, 32V, 30cm/min 150°C
|
47 500 L type ” ‘ 600A, 33V, 25cm/min 150°C
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F:ig. 17 Relation between heat input and ab-
sorbed energy or crystallinity of steel C
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