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Long Time Creep Strength and Life Prediction of Steam Turbine
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Abstract

Long time creep strength and life prediction of 1% Cr-Mo-V and 12% Cr rotor steel were
performed by using round-bar type specimens under static load at 500~700°C. TTP (time temper-
ature parameter), MCM (minimum commitment method) and ISM (initial strain method newly
devised) as life prediction methods were investigated, and the results could be summarized as
follows. (1) The minimum parameter of SEE (standard error) by TTP was proved as LMP
(larson-miller parameter), and the minimum parameter of RMS (root mean squares), by data less
than 10°hrs was MHP (manson-haferd parameter). (2) The parameters of the minimum and the
maximum strength values predicted in 10%hrs creep life of 19 Cr-Mo-V steet by TTP were LMP
and MSP, respectively. In case of 129 Cr steel above 550°C, OSDP (orr-sherby-dorn parameter)
was minimum and MSP (manson-succop parameter) was maximum, but below 550°C, the inverse
phenomena was observed. On the other hand the creep strengths before 10°%hrs life by MCM were
similar to those by TTP, but the strengths after 10%hrs life were 10~25% lower than those by
TTP. (3) Creep strengths by ISM were maximum 5% lower than those by TTP. Because 10%hrs
strengths were similar to those of the lower band by TTP, the ISM was safer than the TTP.
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Fig. 1 Tensile test results of 19% Cr-Mo-V and 12%
Cr steel.(Y.S: Yield Strength, T.S : Tensile
Strength, E : Elastic Modulus, R.A . Reduc-
tion of Area, E.L : Elongation, Hv . Vickers
Hardness)
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Tabel 1 Chemical composition of 19§ Cr-Mo-V and 129 Cr steel

. 1% Cr-Mo-V
Comp. C Si Mn P S Ni Cr No A% Al Cu
Wt. % | 025 0.03 0.65 0.007 | 0.005 0.64 1.21 112 0.29 | 0.004 0.03
12% Cr
Comp. C Si Mn P Ni Cr Mo A% Nb
Wt. % 0.16 0.24 0.67 0.005 0.003 0.58 11.01 0.92 0.23 0.05
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Tabel 2 Results of optimized parameter con-
stants and regression analysis for 19 Cr
-Mo-V and 12% Cr steel

TTP Material 1% Cr-Mo-V| 12% Cr
Method | pata Size 38 87
Degree 3 4
LMP C 20.523 21.156
SEE 0.1761 0.1363
Degree 2 5
OSDP Q 106913 98875
SEE 0.2068 0.1448
Degree 5 4
MHP Ta 682.5 210.0
Ya 8.089 21.255
SEE 0.2320 0.1999
Degree 3 4
MSP B 0.0328 0.0282
SEE 0.2618 0.1517
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Tabel 3 Results of actual rupture time and extrapolation for the stress rupture data less than 10°hrs of
1% Cr-Mo-V steel

TP Extrapolated log,(rupture time)

Method SEE RMS 550°C 550C 550°C 600°C 600°C
167MPa 225Mpa 245Mpa 147MPa | 175MPa

[Actual logy(rupture time)] —| 4.3142 3.9296 34778 3.3600 3.1361

LMP-4, opt 0.1539 0.2520 4.5757 3.5941 3.1654 3.5896 3.0994
OSDP-2, opt 0.1875 0.2790 4.7690 3.7991 3.3560 3.6685 3.1757
MHP-5, opt 0.2489 0.1322 4.4920 3.8158 3.4193 3.5481 3.1763
MSP-4, opt 0.2135 0.4490 5.0186 3.8393 3.3434 3.9828 3.3817
Average 0.2010 0.2781 4.7138 3.7620 3.3210 3.6973 3.2083
Std. dev. 0.0399 0.1305 0.2346 0.1165 0.1099 0.1956 0.1202
Minimum 0.1539 0.1322 4.4920 3.5941 3.1654 3.5481 3.0994
Maximum 0.2489 0.4490 5.0186 3.8393 3.4193 3.9828 3.3817

Tabel 4 Results of actual rupture time and extrapolation for the stress rupture data less than 10%hrs of
1296 Cr steel

Extrapolated log.(rupture time)

&’}a‘t}};od SEE RMS 570°C 600°C 600°C 620°C 620°C
255MPa 157Mpa 186Mpa 137MPa 157MPa

{Actual log(rupture time)] —| 3.0746 3.5316 3.2940 3.4390 3.0461

LMP-4, opt 0.1368 0.1535 2.9043 3.6144 3.1354 3.4104 3.0597
OSDP-4, opt 0.1473 0.1238 2.9662 3.6049 3.1544 3.3805 3.0505
MHP-5, opt 0.1470 0.1195 2.9637 3.6477 3.1854 3.4568 3.1167
MSP-4, opt 0.1536 0.1428 2.9553 3.7450 3.2446 3.5474 3.1810
Average 0.1462 0.1349 2.9474 3.6530 3.18000 3.4488 3.1020
Std. dev. 0.0062 0.0160 0.0255 0.0640 0.0431 0.0713 0.0585
Minimum 0.1368 0.1195 2.9043 3.6049 3.1354 3.3805 3.0505
Maximum 0.1536 0.1535 2.9662 3.7450 3.2446 3.5474 3.1810

2 ARAA 10047 olskel wlmA wAZ 4% AR 5 dehgch $AFel dstel 7 steie)
oo B{ul-g o] &3}e] 9| 4l(extrapolation) 3k 7= €]e] RMS7} #43) 73—?—% A A3 dlole g
o AZzxE Exlo] vebdl Ao Table3d 9 v Ek A o] Fig. 2 % Fig. 3284 1% Cr-Mo-V
Table 40)c}, < 7+ zF RMS7} 249 ztefo] 7ol Ao AoaB i ‘1— Jodo]| A 4wl F
8= MHP(manson-haferd parameter)ql 7o & 738 1:‘}—_?,—0] d&sla, 12% Crrlell A+ gheie]H
Vel o v,  MSP(manson-succop parameter) 7} o &% zkolrt AL ¢geg oF & U
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Tabel 5 Rupture strength data calculated from the results of ISM for 1% Cr-Mo-V and 12% Cr steel

Material
Temp. 1% Cr-Mo-V 12% Cr
() E c A tr o g E c N tr €0 o
{MPa) (hr) (%) | (MPa) | (MPa) (hr) (%) | (MPa)
10% 0.415 405.8 102 0.329 403.3
10® | 0301 | 327.7 108 | 0260 | 3449
500 [1.4014E5 |6.7639E34| 15.2371 1.6268E5 |4.5223E38| 16.2138
104 | 0218 | 2646 104 | 0.205 | 295.0
S 0.158 2137 10° 0.162 252.3
102 | 0255 | 2352 102 | 0.254 | 270.0
108 | 0151 | 1656 10 | 0.143 | 184.7
600 |1.1662E5 ]1.5407E21| 9.3421 1.2936E5 |1.9472E14| 6.6716
10 0.089 116.6 104 0.081 126.3
10° 0.053 82.1 10° 0.046 86.4
102 0.137 833 10? 0.146 86.4
700 |6.0074E4 |4.2038E12] 5.7618 6.8580E4 (8.0711E05f 3.3454
10° 0.059 475 10 0.047 46.6
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1% Cr-Mo-V .
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Fig. 9 Creep rupture strength comparison by TTP,
MCM and ISM for 1% Cr-Mo-V steel
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