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Creep Fracture Mechanism Map and Creep Damage of Cr—Mo-V Rotor Steel

Norio SHINYA, Junro KYONO and Hideaki KUSHIMA

Synopsis : Specimens of a Cr—M-V rotor steel with creep rupture periods up to 100000 h have been examined metallographically in order to clarify their

creep fracture mechanisms and to construct creep fracture mechanism maps for the steel which show the dominant regions of each mecha-

nism. The creep fracture mechanism maps have been drawn taking stress as y-axis and time to rupture as x-axis, and also stress as y-axis and

testing temperature as x-axis. The constructed maps include three different creep fracture mechanism fields: transgranular creep fracture, in-

tergranular creep fracture with cavitation and rupture with dynamic recrystailization. The maps indicate that the steel in power plants is being

used under the conditions within the field of intergranular creep fracture with cavitation. This means that long time use of the steel under the

conditions could cause extensive cavitation and ductility minimum.
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Table 1. Chemical composition of turbine rotor Cr-Mo-V
steel used (mass%).

C| Si|Mn| P S Ni | Cr | Mo| Cu| V Al N
0.28]0.22|0.68[0.015{0.012]0.31{1.08 [1.16{0.20|0.27| 0.002|0.0075
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Table 2. Melting process and thermal history of turbine
rotor Cr-M-V steel used.

Type of Size of | Deoxidation Thermal treatment
melting ingot (t) process
Basic electric 112 Si-killed | 1010°C/18h—870°C/5h AC

720°C/38h FC, 960°C/24h MC
660°C/83.5h FC
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Table 3. Measurement condition of diffracted X-ray half
value breadth.

Characteristic X-Ray Cr Ka
Filter \'%
Diffraction plane (211)
Tube voltage 30kV
Tube current 15 mA
Divergency slit 1 deg
Scattering slit 1deg
Receiving slit 0.3 mm
Scanning speed 0.25 deg/min
Chart speed 20 cm/min
Time constant 1 sec
Scanning range 154~158 deg
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Fig. 1. Stress versus time to rupture for Cr-M-V steel.
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Fig. 2. Elongation and reduction of area at rupture for
Cr—Mo-V steel.
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Fig. 3. Optical micrographs of ruptured parts of creep ruptured specimens (Cr-Mo-V steel).
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Fig. 4. Creep cavities at grain boundaries observed in specimens crept at 575°C and 177 MPa (Cr-Mo-V steel).
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Fig. 5. Creep cavity observed in specimen ruptured at
600°C and 47 MPa (Cr—Mo-V steel).
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Fig. 6. Creep fracture mechanism map of stress versus
time to rupture for Cr—-Mo-V steel.
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perature for Cr—-Mo-V steel.

Fa TS OSEMEIICERR L =858 T, 2Dk
B, Ar0EL, YU TNEERKE L,

i 3 — T DA B R il P A VSRR L 72 Fig. 6D 2 ) — T
BEERERRXIE, A NBH - T T o b & Oxt
IBREZTH DB, 2V — TR, ORI
RMNZ BT RN 2 Y — THHE, @500~575°C DR
BN EST 22 ) —TF v €7 4 KRS, LU0
600°C LI L0 EHE - BEFREHEICME T 2 ST 7F 7 —
D3O 2 ) — THIEREES b 55, EAEEELD
id, 550°CEL T DS S - RIFHEBEWM OMIETH D, 7

V=T R 7 4 KRPEOER TH 5, EfiHIZENT,

) —TARMIEDBENECE ETHIE, MEZHhSD
20 -7y ET 4 NABET, KN ) — THEERH
Wea o 7F 7 —Tldkwn,

2) =7 F v €T A KRABEANE BT TEART, 2
KCH—THBEL TEHY, 575°C D i1 — Bk W b fE dhig
Lt oJEF200MPa, BEWIEFRE 20000 DR % CH—TD I —
LT, gk oL, (EISHHlE @ AR IZRE
RN 1TT 5., ZOCH—TADZ ) —TF v T 1K
RUFEOTEEE, F5 7 — BT IRE R R 28 R R RIS
Mzl 0, BEMGRE 233 L E T4 2 ik (Fig. DTH
D, T, BEWHRRD »F L KT T 5 5% Fig. 2)TH 5,

600°C Bl FDREEE TIZ, 7 ) =T F ¥ 57 4 KRH
BIZENE W, 600°C LT & 600°C BL_E T 0 Kb R B
o) — TR RS | 72, BB
B o - {EHA (Fig. DERLTWBIEH,S, 600°CLUED
) — TR T — Z 25, 575°C PLITF DR WEE O BREHE
WBHREHET S EEMERHHZ L E2REL T
35, k¥, RHICB/MERRD #ndME#RX E UTR

37

A2—¥ru—4C-Mo-V#D 2 ) — FHEgHERK L 2 v -7 331

0 A — @
L -\O 4
N
2 [ ™a ‘Q\
Sy 2 N
Sa k% \\ AN ]
5 =
s« r ® 500C .
=~ 4 O 525
© A 550C i
4 s0c W
-5 B 600°C
-6
102 103 104 10°

Time to rupture (h)

Fig. 8. Variation of change in density of creep ruptured

specimens with time to rupture for Cr-Mo—V steel.
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Fig. 9. Contour lines of change in density showing exis-
tence of ‘nose’ constructed on creep fracture mech-
anism map of stress versus time to rupture for
Cr—-Mo-V steel.
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Fig. 10. Prior bainite lath in as-received sample and dislocation substructures developed during creep (Cr—Mo-V steel).
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