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An Assessment of Creep Damage by Density Change

Measurements for Cr-Mo -V Steel

Synopsis:

Norio SHINYA, Junro KyoNo, and Shin YOKOI

Creep cavity populations and resultant density changes have been measured on interrupted creep
specimens with aim of assessing the bulid up of creep damage in Cr-Mo-V steel that eventually leads

to fracture.

Metallographic observations have shown two types of creep cavities associated with either grain
boundary carbides or with non-metallic inclusions. The number of creep cavities associated with grain
boundary carbides increases linearly with increasing creep strain and growth of the cavities along grain
boundaries leads to grain boundary cracks, whereas nucleation and growth of the creep cavities asso-
ciated with non-metallic inclusions are limited by the number and size of the inclusions. The data of
density change is expressed reasonably by the empirical equation

—4D/D=2.5X10%ts3-2exp (—234000/RT)
where 4D/D is the density change, ¢ is the creep strain (%), ¢ is the time (h), ¢ is the stress (kgf/

mm?), R is the gas constant (8.314 J-mol-1-K-1), and T is the absolute temperature (K).

This

equation can be used to estimate the residual life of Cr-Mo-V steel components working under creep

conditions.
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Table 1. Details of Cr-Mo-V steel used.

Size of -Deoxidation Product formr
process and dimension

Si-killed  Rotor |
1300 mm dia.

Type of

melting ingot, ton Heat-treatment

Open 100
hearth

1010°C/21 h

— 880°C/7 h

— air-cooled
720°C/60 h

— furnace-cooled

955°C/25 h
- mist-cooled .
670°C/85 h

— furnace-cooled

BA1 54 £ 10 BALRE KSR CRE B 58 47 57 8% (Received July 7, 1983)
* SRHMBEMPER (National Research Institute for Metals, 2-3-12 Nakameguro Meguro-ku 153)
*2 LR MR T (National Research Institute for Metals) ,
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Table 2. Chemical composition (wt2;).

C Si Mn P S Ni

Cr

Mo Cu v Al As

0.32 0.29 0.54 0.009 0. 020 0.50

0. 94

110 0.15 0.30 0. 005 0.019 0. 006
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Fig. 1. Samples for density measurement and
metallographic examination.

Photo. 1 1t 575°C, 17.3 kgf/mm? 175 27 ) — 7
DEBETHIE LR CBHEIhRAY + €5 4
Y. BAF » 7 43, AWGHHRCETAEE
A 45~90° DRI FE EATH LT W 5 K& oK
{LHRECERINCER LTS, BIR+F + €F 4123,
WWiHR (575°C, 17.3 kgf/mm? ¢ 5300h TH3)
O VED ToMERBMcBcE U Ckb, 79 — SRR
BlEEbim, FORZLEWREmML, FiotEdkg
%, BREIWACHOLEER I b, BRIV
OPLREMC DL, BRIIBETAH 7Y -7+
VF 4 AL T 25, 7 RERS.

Photo. 2 WIEEBNEWRET & CicZ7 ) -7+ 4
EF 4 %mRT. Z027)—=7F% 4, €7 4 bEHFGO 1
LT oFERE AT TE Y, 7V —7RRRE &
EdhRFORAEML, I ESBNEHRECR 2T
BET%. RBOFESBNEWCIABECHESD 7 Y
— TR L BT A BERL, TheARE, AL, R
TREHORBEES Lo h, KER7)—TF 4
74 kish. LhL, EEBAMEREILEL XL,
¥le2 ) =7 F o €7 4 DFESBNEDRE, DEENRT
KESEET A ERBBEALERCDT, 7Y — 7
Lo, HAX v €7 4 2 RROKRZ I ELESEN
D7) —7F €57 4 X0 EEID, 720 —FF 4
74 DOXEMEEICD.

CORRF 5 €T 4 ORYETBE CEHE LA B
WL, BAERY 2h 0 FHoE Rdfe. 575°C,
17.3kgf/mm? B3 5#RY 7 ) - 70 TR EHBL
T, Fig. 2 @ind. B+ + €7 1 OOMEETE S
DEXEHHLIDD, 7V —FREBERME S mL,
Lod LEWEZOHINEEIIRE S B EAERLT
Wh. 7V —-THBLEEHETSE, A+ €T 4B
Wi E 7 V) — 7O TROER ET IV —FERLT

— 102 —



W LM E X % Cr-Mo-V D 7 V) — 7 BTl

, Stress _

Photo. 1.

kgf/mm? at 575°C; (a) t=480h (/t,=0.09), ¢=0.35%,

Creep cvmes formed at gram béund.ziry carides during creep under 17.3

575

um

(b) t=2000h (t/t,=

0.38), ¢=1.29, (c) t=4000h(t/t,=0.75), ¢=3.9%, (d) t=5200h(t/t,=0.98),
¢=7.19%, (¢:time, & :creep strain, f{;=time to rupture, 5300 h).

,Stress

Photo. 2. Creep cavities formed at non-metallic

inclusion during creep under
575°C.
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Fig. 2. Increase in number of grain boundary
cavities with time during creep and creep curve

under 17.3 kgf/mm? at 575°.
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Fig. 3. Change in density of samples taken from
head and gauge length of creep-tested specimens.
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Fig. 4. Change in density during creep and creep
curves (550°C).

(2]
6l 575°¢ d || s75°¢ ol
28.2kgt/mm?2 17.3kgffmm2
41 r (/ TO_
/° E / 108
Z2f o - [+ . 3
= / o — 4
z o o -0 ]
Bo *—e— \ o . 0 =
% 500 1000 2000 4000 a
@
&gl 00°C d || s0o°c P
@ I 24 0kgfimm2 17.6kgfmm?2 b ! £
© of —e-Density change | 8 o
—o~Creep strain 2
*® 0/0 /- o/ 5 5
2t o—" *°(F 0o
. o e
oo ‘./ " 0
% 50 100 0 500 1000
Time{h)

I Fig. 5. Change in density during creep and creep
curves (575°G and 600°C).
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Fig. 6. Measured relationship between creep strain
and number of grain boundary cavities.
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Fig. 8. Creep design curves at 550°C for Cr-Mo-
V steel.
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Fig. 9. Constant density change curves and rupture
curve.
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