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Nondestructive Evaluation of Remanent Life of Turbine Rotor
Steel by Measuring Reversible Magnetic Permeability
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Abstract The integrity of the turbine rotors can be assessed by measuring the material properties at service
temperature. In order to evaluate the remanent life of turbine rotor steel nondestructively, a measurement
system of reversible magnetic permeability using an alternating perturbing magnetic field was constructed. We
present a new non-destructive method to evaluate the remanent life of 1Cr-IMo-0.25V steel using the value of
reversible magnetic permeability. This method is based on the existence of reversible magnetic permeability in
the differential magnetization around the coercive field strength. We measured the first harmonics voltage
induced in a coil using a lock-in amplifier tuned to an exciting frequency. The Results of reversible magnetic
permeability and Vickers hardness on the aged samples show that the peak interval of reversible magnetic
permeability (PIRMP) and Vickers hardness decreases as aging time increases. A softening curve is obtained
from the correlation between Vickers hardness and the PIRMP. This curve can be used as a non-destructive
method to evaluate the remanent life of turbine rotor steel.

Keywords: alternating perturbing magnetic field, reversible magnetic permeability, PIRMP, turbine rotor steel,
remanent life
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Hysteresis loop and reversible magnetic
permeability. (@) B-H hysteresis loop, (b)
absolute value profile of reversible magnetic
permeability, and (¢) incremental permeability
(1 4). Reversible magnetic permeability is
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Table 1 Determination of aging time at 630°C for
equivalent microstructure serviced at 538°C

Aging time at 630°C (h) | Time served at 538C (h)
453 25,000
933 50,000
1,322 75,000
1,820 100,000
3,640 200,000
5,460 300,000
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Fig. 4 Normalized coercive field strength and

Vickers hardness on heat treatment time

Fig. 5 SEM and EPMA photographs of 1Cr-1Mo-

025V steel before (a, ¢} and after (b, d)
ageing at 603 C for 3,640 h
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Fig. 6 X-ray diffraction pattemns of 1Cr-1Mo-0.25V
steel (a) before and (b) after ageing at 603
T for 3,640 h
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Table 2 The PRIMP with aging time
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where service temperature and time are known [5]. C is material constant.
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