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Effect of Deformation Rate on the Small Punch Ductile-Brittle
Transition Behavior in Turbine Rotor Steels

Yeong-Han J0o, Keiichi SHIMOMURA, Toshiyuki HASHIDA and Hideaki TAKAHASHI

Synopsis :

The effect of deformation rate on the ductile-brittle transition behavior of temper embrittled turbine
rotor steels has been investigated employing a newly developed dynamic small punch (SP) tester. It is
shown that the dynamic SP test produces a clear ductile-brittle transition behavior similar to the Charpy
V-notch (CVN) impact test. The ductile-brittle transition temperatures determined by fracture energy
measurements and by fracture surface observations are higher about 48-90°C than those obtained from the
static SP tests. The effect of deformation rate on the relationship between FATTsp and FATTcyn
obtained from SP and CVN tests is examined : it is found that as the deformation rate increases to 10° and
2.5X10° times, the value of a, which is a proportionality coefficient in the relationship given by FATTsp=
aX FATTcyy, is increased to 0.45 and 0.54, respectively.

From these experimental results, it is implicated that the use of the dynamic SP testing method enhances
the predictability of FATTcyy.

Key words : deformation rate; ductile-brittle transition behavior; dynamic small punch (SP) test; Charpy

V-notch (CVN) impact test; FATTsp; static SP test; FATTcyn-
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Table 1. Chemical
casing steels (wt% ).

compositions of rotor and

Material C Si Mn P S Cr Mo \%

Rotor M 0.32 0.30 0.81 0.016 0.015 1.20 1.11 0.27
Rotor T 0.35 0.36 0.78 0.019 0.026 1.03 1.08 0.22
Casing A 0.18 0.51 0.69 0.010 0.007 1.28 0.95 0.20
Casing B 0.15 0.42 0.69 0.013 0.007 1.33 1.01 0.20

Table 2. Mechanical of rotor and

casing steels.

properties

Tensile properties

. Average grain FATTcyn
Material 1 g (MPa) Y.S.(MPa) RA(%) (K)

Size (um) K

Rotor M 845 680 41.5 20 390

Rotor T 683 505 19.0 100 471

Casing A 769 650 66.2 22 375

Casing B 734 629 55.9 24 340
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Fig. 1. Extraction of small punch specimens from
broken Charpy V-notched bars. :
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Fig. 2. Loading and specimen support configura-
tion for the small punch test.
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Fig. 3. Schematic illustration of impact
small punch apparatus.
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Fig. 4. Comparison of fracture energy transition
behavior obtained from dynamic SP and CVN tests
on rotor M and rotor T steels.
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Fig. 5. Correlation between DBTTsp and
FATTcyn obtained from SP and CVN tests

on rotor and casing steels.
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Fig. 6. Comparison of the load and displacement
curves obtained from static and dynamic SP tests
on a rotor M steel.
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Photo. 2. Fracture mode changes of dynamic SP specimens on rotor M and rotor T

steels.
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Fig. 7. Deformation rate effects on DBTTsp
obtained from static and dynamic SP tests on a
rotor M steel.
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Fig. 8. Deformation rate effects on DBTTsp
obtained from static and dynamic SP tests on a
rotor T steel.
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Photo. 3. Scanning electron micrographs of fracture surfaces obtained from various
deformation rates on rotor M and rotor T steels.
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Fig. 9. Schematic illustrations of FATTsp measurement with dynamic SP test specimens.
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Fig. 10. Deformation rate effects on FATTsp
obtained from static and dynamic SP tests on a

rotor M steel.
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Fig. 11. Deformation rate effects on FATTsp

obtained from static and dynamic SP tests on a
rotor T steel.
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Fig. 12. Correlation between DBTTsp and

FATTgsp obtained from static and dynamic SP tests
on rotor M and rotor T steels.
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Fig. 13. Deformation rate effects on correlation
between FATTgp and FATTcyn obtained from SP

and CVN tests on rotor and casing steels.
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