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Abstract

When crack are detected in aged turbine rotors of power plants, information on fracture
resistance of the aged material at operating temperature is needed for determination of critical

loading condition and residual life of the turbine. In this study, fracture toughness(J,c) and tearing
modulus(Twa) of virgin and thermally degraded 1Cr-1Mo-0.25V steel, which is one of the most
widely used rotor steels, were measured at 538°C according to ASTM E813 and ASTM E1152,
respectively. Five kinds of specimen with different degradation levels were prepared by isother-

mal aging heat treatment at 630C.

It was observed that J ¢ and T pa value decreased as the

degradation level increased. Analysis of microstructures using a scanning electron microscope

showed that the decrement of Jc is related to segregation of impurities at grain boundaries. It was
also verified that the DC electric potential drop method is accurate and reliable for crack length

monitoring at elevated temperature,
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Table 1 Chemical composition(wt %)
Element C Si Mn P S Sb N
Composition 0.31 0.29 0.80 0.015 0.022 0.015 0.013
ASTM A470 0.25~0.35 0.15~0.35 1.00 max 0.015 max | 0.018 max - -
Cu Ni Cr Mo \" Sn As
0.21 0.39 1.19 1.42 0.25 0.004 0.015
- 0.75 max 0.90~1.50 1.00~1.50 0.20~0.30 - -

Table 2 Determination of aging time at 630°C for equivalent microstructures serviced at 538C

Time in service at 538°C (h) 25,000 50,000 75,000 100,000
Aging time at 630°C(h) 453 933 1382 1820
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Table 3 Tensile test results of 1Cr-1Mo0i-0.25V steel at 538°C

Aging time Simulated service Yield Tensile Elongation

at 630°C time at 538°C stress(MPa) strength(MPa) (%)

0 0 503 566 15.3

453 25,000 452 521 16.8

933 50,000 409 483 19.9

1,382 75,000 394 458 17.6

1,820 100,000 389 475 171
500

®| Yield stress 04 b Virgin specimens

Yield & tenslie strength(MPa)

O} uUttimate tenslle strength

1 1 !

25 5 7.5

Simulated serviced time( x 10* hr)

Fig. 4 Tensile test results of 1Cr-1Mo-0.25V at 538°C
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Table 4 Fracture test results of 1Cr-1Mo-0.25V steel at 538°C

Simulate service | Specimen Jic J-R curve(J=C,(da)%?)
time at 538C I.D (N/mm) C C,
0 Al 86 0.135 0.396
A2 78 0.070 0.540
Bl 75 0.100 0.418
25,000
B2 70 0.103 0.335
Cl 58 0.106 0.497
50,000
C2 50 0.063 0.604
D1 38 0.071 0.608
75,000
D2 34 0.062 0.476
El 17 0.050 0.781
100,000
E2 20 0.038 0.700

TR FAAREA] HARA ek,

ASTM E11529] 5@ #9Held 249 4%
A% T g vlmels] 98 2E y
Fig. 1o vehgies) J-REAS Aol
S dJ/da® Fig. 120] vhebd ik dJ/da%t
£ Je FdAolel dated 1%} vl ¥gtelmz of
-%%%aiizwhwl4ﬂ%ﬂhu%—ﬂ%4
Zﬂﬁﬁ e HAAE

gkel e,

a] 23k Ao

Jic (N/mm)

0 ' ) :
[} 25 5 7.5 10

)
Simulated service time (x 10 hr)

Fig. 10 Decrease of J,c value as simulated service time
at 538C
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0.25V steel at 538°C
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Table 5 Comparisons of predicted crack length and by DC electric potential drop method and measured

crack length

Specimen 1D Predicted crack length(mm) Measured crack length(mm) Error(%)
Al 36.59 36.86 —0.74
A2 38.98 39.55 —1.46
B1 38.49 38.13 +0.94
B2 37.31 37.33 —0.05
C1 38.85 37.98 +2.24
C2 38.21 38.21 +0.00
D1 38.19 37.65 +141
D2 38.78 38.74 +0.10
El 37.66 38.79 —3.00
E2 38.33 38.20 +0.34

Table 6 Difference of chemical composition of virgin and degraded materials in matrix and at grain
boundary
Virgin material Degraded material
Matrix(wt %) Grain boundary(wt %) Matrix(wt %) Grain boundary(wt %)

Si 0.50 0.42 0.35 0.69

P 0.00 0.00 0.00 0.57

Mo 0.00 0.00 0.05 0.06

S 0.59 0.71 0.30 3.46

\Y% 0.09 0.17 0.15 0.45

Cr 1.14 1.28 0.97 9.80

Mn 0.74 0.81 0.76 4.60

Fe 96.93 96.08 97.07 79.80

Ni 0.31 0.53 0.35 0.56

A 2A 3 (matrix) ¥ 42Fo] vehd YALE
EDX (energy dispersive analysis x-ray) & 43}
dom = A3E Table 6ol viebuioict,
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A ALEAZbel wet F71ste o]z Q13
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