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Assessment of Material Risk and Residual Life of CrMoV Turbine Rotor
Considering High Temperature Material Degradation
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(Received May 22, 2006 / Accepted August 2, 2006)

Abstract : Material degradation should be considered to assess integrity and residual life of high temperature
equipments. However, the property data reflecting degradation are not sufficient for practical use. In this study
measuring properties for 1Cr-1Mo-0.25V forging steel generally used for turbine rotor was carried out. Degradation
was simulated by isothermal ageing heat treatment and variation of microstructure was observed. Mechanical
properties such as tensile strength, impact energy, hardness and fracture toughness were measured. Assuming a
semi-elliptical surface crack at the bore hole in a turbine rotor, material risk was estimated by using the aged
material property data obtained in this study. Safety margin was decreased and life of the rotor was exhausted. This
procedure can be used in assessing the residual life of a turbine rotor due to material degradation.
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Table 1. Chemical composition of a CroV forging steel{ASTM
470 Class 8) (Wt %)

C Si Mn P S Ni Cr | Mo | V
0.30 | 0.18 | 0.76 | 0.004 | 0.006 | 0.48 | 1.19 | 1.20 | 0.25

Table 2. Isothermal ageing heat treatment

Simulated service time(#) Ageing time(t,)
Hours Years Calcui?;:g(h?geing Actltxiz::1 e"(th)eing
0.0 0 0.0 0
8760.0 1 158.7 158
27593.7 3 500.0 506
43800.0 5 793.7 793
61320.0 7 1111.1 1111
87600.0 10 1587.3 1587

Tensile Specimen

Charpy Impact Specimen

Forging Direction (Longitudinal)
Fig. 1. Direction of specimen extraction from a CriMoV forging
steel bar.
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(b) Ageing time : 1587h
Fig. 2. Microstructure of CrivioV forging steel.
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Fig. 3. Variation of microstructure for CrMoV forging steel as
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Rockwell Hardness Test
1Cr-1Mo-0.25V

20

Hardness, H_
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Ageing Time (h)
Fig. 4. Results of hardness measurement for CrMoV forging
steel.
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Table 3. Results of tensile test for CrMoV forging steel

) - o
Spec Sf;lece At%;lgg RA |Elong.| E (Mi’sa) ours
D % % GPa MPa

W | @ | ] O G |
AR 0 0] 545 | 206 | 207 | 435 | 432 | 760

Y1 8760 158] 652 1 23.5 | 205 | 464 | 462 | 690

Y3 | 27594| 506| 649 | 253 | 210 | 439 | 431 | 642

Y5 | 43800 793] 64.5 | 27.5 | 208 | 423 | 412 | 616

Y7 | 61320f 1111 63.1 | 26.4 | 205 | 412 | 400 | 595

Yi0| 87600 1587|632 | 26.0 | 213 | 412 | 393 | 583
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Fig. 5. Engineering stress-engineering strain curves of CrMoV
forging steel.
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Fig. 6. Strength variations of CrMoV forging steel with ageing
time.
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Table 4. Results of champy impact test for CrivioV forging steel

Spec Ageing Upper shelf Upper shelf DBTT
’ time energy energy X

D W | ketm | ggtem | KM

AR 0 9.39 0.14 81.0

Yl 158 13.38 0.62 101.9

Y3 306 13.78 0.10 110.4

Y5 793 13.67 0.13 103.2

Y7 11 12.96 0.19 1011

Y10 1587 13.03 0.29 106.0
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Spec. Atg};i:g l(é f‘g‘iﬁ Thickness | Pumar | PQ Ko "
i (h) (mm) (mm) (kN) | (kN) | (MPa - m™)
AR 0| 12.36 11.99 136 | 114 55.80
Yi 158 | 13.09 12.73 11.8 | 10.6 54.22
Y3 506 | 12.46 12.73 134 | 10.6 50.00
Y5 7931 1278 12.74 123 1 100 49.03
Y7 11| 13.00 12.74 11.8 | 96 4824
Y10 1587 | 12.40 12.74 11.8 | 103 48.45
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