Timken 16-25-6 O &R HE BT 2% (V) : 1i27

7) FE, R EREERSEN, PRMEGHEI058
(HE 20 6) Lt oexoa 0©

8) W, HF: B, 41 (1955) 435
9) WF: gEM, 42 (1956) 482 -

Timken 16-25-6 O)

RSB i B % BFE (V)
B

K % & BT

STUDIES ON MECHANICAL PROPERTIES OF TIMKEN
16-25-6 AT ELEVATED TEMPERATURES (V)

Svynopsis:

Taro Hasegawa and Osamu Ochiai

The authors studied the mechanical properties of four turbine rotors of Timken 16-25-6,

to compare with that of the forged bars, of which they reported already.

as follows:

The results were

1. The effects of heat treatment on mechanical properties in the turbine rotors are.the

same as the forged bars.
pitation-hardened rotors.

The ““ hot-cold worked >’ rotors have higher strength than the preci'

2. The ““hot-cold worked’ rotors have the S1mxlar or somewhat lower value of the creep
rupturé strength and tensile and proof strength as compared with the forged bars. The rotor

which have sufficient forging effects,
properties.

have great ductilities and uniformity of mechanical

3. The precipitation-hardened rotors have nearly the same mechanical properties when

compared with the forged bars.

4. When forging effect of the rotor are insufficient, the clear pattern of micro-segregation
are recognized, so that the ductilities are low and not uniform.

5. The mechanical properties of specimens which are

taken in tangential or radial

directions from the boss part of the upset rotor are lower in ductility than that taken from

.the rim part of rotors.
the tensile direction.
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Table t. Chemical composition of rotor wheels tested.

Symbol | C Si Mn P s . Cr | Ni Mo N,
A 0-09 0+74 235 0°022 i 0°023 1775 25+39 619 015
B 0-05 045 0°48 0-013 , 0-0l10 17-43 25-48 6°18 015
C 0°05 068 222 0°015 ! 0°026 1568 26°60 6°22 016
D 0-08 0-44 0-81 0-017 0-0t6 1739 2522 567 0-15

}
Table 2. Outline of manufacturing procedure of rotor wheels tested.
Symbol | Ingot i Type of rotor wheel Forging procedure Heat treatment
“ . . Upset directly ; 1200°C><4h 011 quenched
A Small . “' Disc of 250mm dia from ingot i 750°Cx25h air cooled
i T ~ i
| Rotor shaft of 700°C X 6h air cooled
B Large  370mm dia Swaged and upset 750°C x 24h air cooled
l . . ‘ Hot cold worked at 700°C
C Small Disc of 250 mm dia Swaged and upset 700°C X 10h air-cooled
i -
o . . Hot cold worked at 700°C
D ' Large 1 Disc of 500mm dia Swaged and upset 650°C><10h air- cooled
Table 3. Tensile properties of rotor wheels.
f . ! [
Location of speci-: Testing | Yield i Ultimate Elongatmn Reduction
Ostyf:)?gi, men and direction; tempera- | strength ! strength l . of area : nglgnl\e}ss
. of temsion j ture kg /mm? | kg/mm? % f % i e
e e . . e P
Rim, Tangent1a1 - Room 49-4 900 | 240 22°8 240
A Boss Tangential | 4 57-7 909 . 229 228 " 236
Rim, Tangential 675°C 348 533 18°6 192 ' —_ .
Boss Tangentlal : 7 439 52*0 286 2947 —
Ty [ - =
B Rim, Tangent1a1 I Room 451 711 24+5 } 202 . - 182
Rim, Tangential | Room 78°9 87+0 120 | 15°5 257
. Boss Tangential : 4 901 971 80 | 11°8 253
c Radial ! ” 84+2 922 12°9 ; 1774 253
©¥ - Rim, Tangential ! 675°C 42+6 49-8 208 29°5 —
Boss, Tangential | 4 41+8 508 195 22°2 —
Radial ’ 7 — 507 14-7 } 22°2 1 —
Rim, Tangential : Room 63'6 .  92'8 303 411 248
Boss, Tangential | 7 66°2 94-2 23°1 2840 268
D Rim, Radial . 4 56+3 89+1 22*9 411 255
‘Boss, Radial | 4 66°5 857 1070 137 253
Rim, Tangential 650°C 40+0 51+1 386 502 ! —
Rim, Radial i 7 39°¢ 521 31°0 484 ! —
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Fig. 2. Tensile properties at elevated tem-

perature of rotor wheels and bars.
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Fig. 3. Creep-ruptureé strength of Timken
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16~25-6 rotor wheels and bars at 650°C.
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Table 4. Result of creep-rupture test of -rotor wheels at 650°C
e T i | ... cElonga- iReduc- T Hardness
Symbol ;%?stfgd(:ifi rse%i{:;;‘ Heat i?g‘iig;’sg ;E’;gl,c?lgé tion of tion of ! S;;ep  Rockwell C
of rotor T gl o treatment | 2 rupturearea ! "7, . Before| After
of tension B S ‘kg fmm? ho PRI %/h Tlst | test
' Rim, Tangential 700°Cx6h AC 25°0  408'0 49'3 = 42°9 | 0°025 RB 857|RB _96°0
p 4 700°Cx6h AC o . . . lj - .
g ’ 750°G % 24h AC 7 251*9 585 538 07046 RB 93 3UI_2B 95°5
B , , 700°CxX6h  AC ' | ! J
’ ’ 750°Cx24h AC 7 128°3 © 60°3 562 | 0-12 'RB 941 RB94"9
:800°C x 30h AC 1 l P
v w 700°Cx6h AC. o v . g ! : .
~ Te0cG % 20k AG 2070 95676 §0°5 . 45°1 0°011 RB 96°6
R nem e N Ty R A
s ., .700°C H.C.W., . ... . . 5 . 0 i one5  19°
c E Rim, Tangential Jocol ' ni AC 3175 750 132 22°2 | 07016 | 20°5 194
| Boss, Tangential | % - 714 | 29°8 380 . 0°0ll | 204 20°0
i Rim, Tangential ” 25°0 | 445°5 233 | 290 i 0-008 ' 21°7 16°2
7 ” ” ” 4848 117 16°6 i 0°006 203 20°9
. o Hewa! oo | wro | e | o _
Rim, Tangential |cool |on AC| 2870 | 117°2 470 | 66°0 | 0°034 19°2
D #” 4 ” ” 207°9 54°5 498 0°024 192
# Radial \ 4 ” 135*8 | 59-2 6748 0+077 211
i ” ” ! ” % 149+7 52°2 | 61°3 0°053 187
' Boss, Tangential 4 4 254*3  41°8 | 552 | 0°015 187
# Radial ' ” 7 324 502 55°3 0017 19+0
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Aging effect on creep curve of rotor wheel

“B’ at 650°C.
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a. Outside ‘ . b. fnside " a. Outside - a. Inside
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Photo. 1. Microstructures of rotor wheel C Photo. 3. Microstructures of rotor wheel “D”’
as forged, 700°C H.C.W., 700°Cx 10h A.C. as forged, 700°C H.C.W., 650°Cx 10h-AC
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