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Creep Behavior Analysis of High Cr Steel Using the Constitutive
Model Based on Microstructure

S. C. Yoon, M. H. Seo, K. H. Baik, S. H. Kim, W. S. Ryu and H. S. Kim

Abstract
In order to theoretically analyze the creep behavior of high Cr steel at 600 °C, a unified elasto-viscoplastic constitutive
model based on the consideration of dislocation density is proposed. A combination of a kinetic equation describing the

mechanical response of a material at a given microstructure in terms of dislocation glide and evolution equations for

internal variables characterizing the microstructure provides the constitutive equations of the model. Microstructural

features of the material such as the grain size and spacing between second phase particles are directly implemented in the
constitutive equations. The internal variables are associated with the total dislocation density in a simple model. The
model has a modular structure and can be adjusted to describe a creep behavior using the material parameters obtained

from uniaxial tensile tests.

Key Words : High Cr Steel, Creep Behaviour, Constitutive Equation, Dislocation Density Model, Microstructural Feature

1. M &

AANFE&£2VY w4 $HES HYE, V&
29 %’“ 2 YAAZ Age FFE A
gl jkaf, AAFEEE YAAR AF 55
= A}%sh o, 7|&Ee] YRR H] 3
F424 24 9710, x4 2EE Af
320 °coll W3 H¥ & 550 °C Ao}
uet =4 AEE EZAd AA AFANAY
AT 12oA FA42 A Aol yERhd
FAEZ AR, a=n T4 AR o3 7]
2Z9 (void swelling) A 3ol 2783 gt}

-— o
op

2l R B Ok oM

rBL off rir & = 1o B o fr >

* FYuisty 34 %%
** SR AAEdT A
# AAH AL (hskim@cnu.ac.kr)

160 /322471388 x|/ 134 2%, 2004

A AAFELEEY =4 AFRE AMEFHIL e Al

5% 3A ezEHUelE 2HAHEZ T H o

E/ nt2HAlolE AHUH 2 F VA E ERE

vk 7 Asrt 47 ey s A e,
2 élurolE ZH A 272
fx w7t e 9dE 7)E B E
al

=

&1 4

B, Jﬂa} o|E/ wtZEIAtO|E ZHJAH TS 7]
T 8 &

701

.

Fgo) A9 Yolubx @AW I
57} vtk wEbd, 2 2Eol

=

E )

ANE e F4A 2Abel 3 7R
}

B2

o2 ol N K

(swelling) A& FFAI7]7] 9% AF7
Ha g own, dHzto]E/mZElAle]E A€l



AlHE ne adT B4 A7) g

AT7} Agsm g ke : (“jm

IAFEE AHHER AgE oy 7 F E=%| % M
12Cr-IMoVW3E2 HTOZ S L Z42 A=
M= wjg- ¢4 7F FEH AFAHEL e stress, MTS)Pol&ka &t} £ 3} /6 Alole o
HEAQL He}o|E/ ntZ Al E AeQlu&7 o AZA obaUo-2n8 Al garAT
2 JA7A Bel E4E3 gtk a3y o] A= Az #AY ¥ & & GSF o] A

T AHE2ETF 500 °C o HY me JAH 5 g}
ol A EEHE AMEAY @AE X T g
oY HTo] dHow ALgd & A A6

At vt 439 JAA A%, 59 wHzgn & =6, + MaGbyp @
BAY 3= AFe] @ o7t Basith
T, A el d goh e 2499 o ANM GE A%, b 49l A2, M
48 g FARAd B4 2AIRA aug & 37 HLAEF, o AAANLE, o &
st she A2 NS AL KU yson de Wl Agoz Aesm A
F AMARE WRNER ShE bwin 249 g wowa 9w gaas of Q48049
o] %%8}7'] AREE I 9k oy JhA] ks B Orowan 2, AAAWA A2 A 9 Peierls <2
oA AYE ddsc g ?j*‘j:o*ﬂ‘% AL =y g 2w 6, ETuE dn. 2713
o JIAH AEE F wsHor & B ope, 7 5, & A5 w50l
@3t ek Az wet Z43) Folof st o) (2)4 Lo 4 o Hao] zPo] ¥
7”“:24 T A glol BadG ol o yg Sy ny aguE po BAnd o5
Maret & 24829 EHEL YHsy 3 o gt AYLE p o JsPAAe Te
S Bt EAAEE, olF B 2AFHA L oy
LUE@EAYE, AT 17, §3 FE He |
£31% 4RH oz Prae o] Asain, dp 1
ol ERANE nAFH dis ANY=e] 7| d—€=M(ﬁ—kzp) ®
2% Esuin 22& H85d nAzde n8@
g WYgAE, 55 dEFWFAHRE o
;}jagg 3H;j§ @34% ﬂzxamfjr w]iig Ao, L olgate A9l FFAF olBA
FIAXAE nS@ FHRde U AN Az P nen fre patyE B, A9 Yol
£A% WYl U wovh Egmee, 33 AU FABAN 404 %o HE 92
Hone APAel HA 2asn Ao He lEAE G AS Kk, 27 A 949 ¢
AubHe ARA P Fihe] PrIzke) Iz 7 zsz} j{“lz)(-j]j*h fqﬁ °1] %:gi;ofii
e =5 k1A o J’f_' _‘_% _g_ I 9 . o§_ ] £ e o _H\L—'C L8 .
T AT o SRE A s WA oE AYel F2ajok Bk Ae] &
2. (MZENE najer Y=Y Eﬂjﬁ 1}»}:211 g};}%ol;} %1@344
& = A=} e T O_E—L'
2719 Kookt AIK® FAACG slzsw, B EXel 9EGRCY el A Fhe 3o
SHUEEEE £9 89 o e B 4 )P f};lfvj jﬂi}*}jﬁ ;h*ﬁ”"‘}fﬁj‘?ﬂ
e BFee wAt Ay o =2 s @ T sdm. elss
7] 6 & AR sAze gdE $dhe B A @ Tl BE Afol5AY LY A%
Atgdolm, 0= Aragsoln A% me M € FAEte ARE L3,
HeE To] W@t ¢ S ojEss A
AMnFAG AFshel, BAR AHLE 0 K L=Y1/L, @

A2 g& 71AA A& H (mechanical threshold

B MIIBEEXI/F 13 H2F, 20044/ 161



Ho
ol
)
2
o)
ofol
)
ol
}O‘i

52 248 Fojgol fle 24Y Wl
M Adelse ZoiEe oh& ANl {ith
°f A% Aol BFAFolTAY L FTAS
1A 1 fp B FAAL, o1& BT A4 A7)
RE s b e bl 1/(bL)— kp® E3E
ATh(k, & 25) A nEAL dF B2 7
T7F A&3A ehen, g
FESE UM $93 d¥E BAE vy
W& Voce-type Aol a3t}

o] TR AYHoZE MTS 6 & 53t
a, dyHeze 4 O)F @AM A== MTS
5 = Eﬁ}oq Az 548 18 ¥
ﬂiﬂq 593, BEAFolEA

(1/sz}) ﬂ%% ZaNAd (k,
) F—%%}

n‘.

9’] A e oe‘i
Dot el sl SAee () Bae
& 43A% AUAE WA k, 3 33

TEA g ol ZaEe oI5 440
A= ©E FFsA FHof, HEA g
G 7t &9 tﬂaé‘%f?—‘::—“]%‘5° ZFA Al

2719 Kocks 2L 7|22 3l F&oA A
AYE 0 oAzge] AT BT WEAES
Ned + A FRRILY FARDe £49
R o pale g AFUE, BHU,

4ET 59 Be vAzAH 2o wH

> on

g med AL 24RY AT el s
o nHAHY sqolge WYSEM THstuz,
WHel AzelEge FAsHon sgE 2
= Rug Fael nAH Aoz =Y
o mebd £43 AT ndelzdAE HE
s99oln Aay TAYALe 2499 F=
o clys TEE AASY] Astel A=A
Z, BRRALA CJRL YwHoz vwAF Hg
4 WFol BE AFuANN EATch wehy
FEzA0] " YA Bk AL BRA
2R, Ay ol2dN: A43% A, Fn
Aste) Trel Be QA F2Z HAFAe) o

162/ 2471388 x| /M 137 M 2%, 2004

o ,
R LN R

&

£ ¢ gl g 7H-9] YRHs2 IAEE 55
Y7 ndolM 5 2AREESE £ = &
p
5239 o 2 (59 #¥85 #AY Uk
m m
. _m
E,=6|— | Z 2 (5)
O-O

dzZ
~ -c+CVz-C,z ®
gp
& \n
C,=C (—”] M
2 20 .
&y
‘Eﬂ}l\:]ol:}lﬂ(};g ‘1:3’--‘/%:94 DH7H]§-£|: C, C], CZOa O-(),
&, €,T 452 379 F Utk AF nd} n
A2 19 Folth. 4 (69 WA AHg
F @ Asgeln -c2z2

(-) B2 E +
Azl FEFoitt wEs vt AAHES ¥
vl g ge] mfj$ 23 AF3o]t}. Prandtl-Reuss 2
of 93t AAMHEE "lA sf_q 2t ARse

ALY WA 5, o ARSE 0L 4 ®F 2
o] EAE 4 Utk

L, 3(é

Y ®



HAZH N FYRDS o] 42

el B Afols A ol st Mt F
AEe A58 718 5 At

Zig Ase 4% -
Ko, BAE As, AGSAE, £ AT
g3 o] mtERIALOIE AR M= YA
ojit wtZeiAlo]lE W AtA (lath spacing) o2
€ Aol gRsith MgdEs FIed 4& s
HEES ol&sto AA, &F, vEsts, a8 F

-
W] A FuHch E=d mAzE gol

oY 2y of

=

ol <
FgHol e WF CE WA mlEdAolE
A2 adg uFsn

£ 2 FAAERZLE i AR 9AdE 5dol
B2 QALY 2H4E ol&ste WHsE Tt
= Aol A¥ <ol oivnh &, 4l AL
Aolup iAW ol&dd =HAd Hdiv
Hape e Py Wl 271 7hd A o)
- Rgska, & Zgel ste AAl HE FEHA
Al 2 JheAdel At Wk, & dPeAe
Andsd WARSE C, O, Cp Gy, &, €, m,

ng WEHIIE 712 52 ZH(Evolution
Strategy)’ 2 |83l APoRHEE P WH
102 &gy, ALg8 Ak A3l A
ol AEHE #Fd 2uyFe YFoEA,
Rechenberg} Schwefelol] €13t 1960 Aol 7|
" AdAe] Rstdde] 7ldtst Aqt Bdo]ar,
F dAAEE EAWOlE AL 7bE WHME
AHESZI 2 gtk 2719 shdEre = sl A
Al (x,0) -FF] Ay 2RE Jde 245
FaAT. 2 F ASAHFLE BF/AY Fdl
g gAaFg@E, 2% 5H)2EA g 7HA B
HE wAE o g4t g2 HHg 74
o & Fote AE BHoz, g HAI &
A &&=, £ HIole= HA5A o9 &
Az ol 2&Ha Atk
Agdgre] 7j2H dAe

HE Fata 2L AAATNL, ) HF=E B}
& %, i) FrhAEe] HFE
A AR s E 2
Aok &8, MYE, HYESEY HAYPgozR
B HEES Taiuitn. Mg Ee EAY
Aol AA DA oz A3
ofzit}, & Abv] gt £ 3
s

ket
A0
o
ol
i)
fu
Ach
[
X
ot
30(:1'
£

g7 A% 4gAHE 94

HAT A A , 3 g A&l
O FAFRA UEe g A gl o] &3
AHAL HT9FH MoS Z71A7) HTIM, WE Z7}4]

Table 1 Chemical compositions of HT9, HT9M and
HTIMW steel

sample| C | Cr [Mo| V [Nb| W |Mn|Ni
HT9 0.1911.790.990.310.02 0.45-0.520.590.53
HTOM 10.159.79]1.23 02 [0.18] - [0.450.46
HTOMWO.189.8710.490.2020.203] 2.01 [0.470.42
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Fig. 1 TEM microstructure of as tempered specimens;
(a) HTY, (b) HT9M and (c¢) HTOIMW
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Fig. 2 Carbide morphology of as-tempered specimens
; (a) HT9, (b) HT9M and (c) HTOMW
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Table 2 Optimized parameter values obtained by the
evolution strategy method

c| ¢l |cw|lo, & |&| m | n
HT9 0.90.2250.012/539/0.00181| 1 |19.27/19.73
HT9M 0.9/0.191 0.567|4610.00156/ 1 |20.90(10.48
HT9MW(0.90.007(0.116/438/0.00041] 1 |25.85|4.70
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Fig. 6 Creep curves at 600 °C of (a) HT9 alloy and (b)
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