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Abstract: In this study, a Taylor series (T-S) model based on the Arrhenius, McVetty, and Monkman-Grant equations
was developed using a mathematical analysis. In order to reduce fitting errors, the McVetty equation was transformed
by considering the first three terms of the Taylor series equation. The model parameters were accurately determined by
a statistical technique of maximum likelihood estimation, and this model was applied to the creep data of alloy 617. The
T-S model results showed better agreement with the experimental data than other models such as the Eno, exponential,
and L-M models. In particular, the T-S model was converted into an isothermal Taylor series (IT-S) model that can
predict the creep strength at a given temperature. It was identified that the estimations obtained using the converted IT-
S model was better than that obtained using the T-S model for predicting the long-term creep life of alloy 617.

o Sshs o] T ARgH o gk dukdow de
AFE-E = Larson-Miller(L-M),  Orr-Sherby-Dorn(O-S-D),
Manson-HaferdM-H) % Manson-Succop(M-S) 2} E]

. M &

—

gz FHe AeTREY AA 9 AREEl L - - K
nepxmel Mol Wl slold e Fasp, o ke ERIETTRNE ol
B8 AR Emeslemil e o 71z38ke] tE Aot} TTPH-S w9 dehA|IHS
= DS DAAre) az T — L v . = — =)= i
EEOSCOAA 60 olde] Aol Abgsws o) SHERRIEE SEerel v of spere st
A W] ALEL dzanel Azt qus o0 Aelel WA HRes uE wel.
= Ri o pu A S fe] U — - -

2ol g Wk o e sk et TIP e sk AWk sl

shprlE 2 Bgeks gl o 7 Tz
Wl w3, me e o sEeSAe oy
5o £4 Relmz AARF FeZe] ofelgol
om®) olgl tgie wHe Fus] 99
A Sl Aol glrkt

1 Corresponding Author, yjsongnan@yahoo.co.kr A AtE APE S H-oEAo] gl

TR AeE e HAPE S
AZE Qlemm HEE HRo] 2N-0EA
ol mEdl] fjste] ARE e

o ROHI
o rlo

SE
olo
1B




[e)
e

458 fin

of
i

. AES wH MceVetty'"E 454 continuous
damage) WAYF 7]Z3}o] sinhdH=(Hyperbolic Sine
Function) =.2-& AoFsl o™, Norton'"¥} Do
&ste]  power law®t ATy REE

A Er. SHAITE power law EEe 52wl
A
o

& O
A9e

[e]
o
A4y ko) Walol e gEuslel FrciZol
HluA 2 Qaprh HAYEkAL Dome] Al
Hlu A 52 oA 2 gix|nh vk Z-Ho
Qxp7F WAFCED SHA sinhgh Rl BluE] Y
BN eI APz £ WAE 2 BARRL
UARE v 0w Hede] Bilsing vy o
) FEskAl gAY Bl & 9Y a7t HAg
olell Wl sinh¥ Tayloris<r(Taylor Series, T-S)=
3" T Jdorg AHg ks AR T=SEst
Agee] 9y A3E 95 5 Aok
2 ATeAE 617dEY AEE FHE 56|
18te] sinh¥E Taylorag ©]-83fo] Mgho 2
Taylor 35 =3(Taylor Series Model, T-S model)=
fsjglon], o mAe o B A 617
Fel A0 S Auel AeAA APl
a9 49e dEdgion, 1 ANE LMY 5
76k 2ol ol o2 23}9} vl A,

2. 3e[= +Ho

—_

5 =2y

dubdor Fg|x FHLE Fig 13 o] 3719
Az Fgom ol AW AGEe] A=
S g¥, e AQe B4 e o
FAE Atk

E.= filo) fL,(T) f5(1) (1)

7V E, = AR SEIIL, fio), AN, O = A

g9, eE W A7 oEd F4E U olE

sl theke] of=] 71+ o] At gl=H|
ol EF dAY v B AP oAE VxR

1y
AC)
[k
b
ki
1o,
rlo
ki
Lo,
Y
oX,
rlo
1y
AC)
[d
i
Y
°
mN

(diffusion creep)”’} =3}
-ClEAE A (% 2ol Al

o
(e

a
v A HEo) 2

?l_g}%ﬂkq.(IZ ~15)

5L . gk
- h

g “=4,ex _AfH )
d 0P\ TRy
q71A AH = A3 duA, r1e A%, RS

Monkman ¥ Grant & %2 23S F3] g
A} A2 SR8 w3 g daeta 539
ATHI = g, 1 ol Aol 2eE S
o] AYAMI} Y F % gdA|Fto| A Y S A
ghel Aol( e, —g )b B2 A2A BN LT
A s Zete 2SS AES S5k AR

oz A= AdFHS dqFse Bol AR Y
= 8 How defA g
de,\ ¢e,-¢& & )
dt t t
de.\" .
L= | =€ @)
dt

APz &0l 3 oEAel thste] MeVetty=
A&EAt  wAYUZ]  7)Este]  sinhdE RES

Aokslsd o™, NortonZ} Do A &S F3] power

lawe} Ak RS AlA skt

E=Do" 5)
& =K, exp(Ko) (6)
&=K,(exp(K,0)-1) (7
& =K, sinh ( [1<23ng (8)

A7I1M ¢ Ti= 22 59, di&olH D, Ky, Ky, K,
K, iz Asm/d=Eoth



Taylor ¥ ©]-&3% 617 3
SI'
£ &
o
n & ,
g%
52
80/1 I I
4 b I !
Time

Fig. 1 Typical creep curve with three regions

50
— sinh(x)
ol | T exp(x)/2
- (exp(x)-1)/2
7777777 X2.5
ol — x+xX16+x°120

Fig. 2 Comparisons of each function in a large range of x-value

=

= AR =

FHEAE Alo]o] x}ol= Fig. 2 % Fig. 3°l4]
FEAEAL Fig 2004 Ho]Fo] xgho] & 7
G AL A (O8> AL Aol7t g}%
MR, Fie 35} o] wte] M s 2
tﬂih‘s]- 7‘<]-017]. 01 0 S o ohq_ :cfs}’ 3_;/]
i ge0) AoznE ¢ o

=35l= Aolm=z 28 y 7kl 1/]
“3011%011 w9 & FEFS WA Hrk

Fig. 4= A8X £x9} 8 Alo] #AE Llrgrqq
o), Iafle|A HojF5o] power law HE2 F
W ejol] wal AR ngho] olg] wAlR Wald
semsle] srdZola shlel ngt & AMRE
Had & a7} BASTE Domel A|4EH: EE
Fig. 30|41 LERd nke} 7ho] xgho] Zrolol| ula} &
e 050 HAsl] W] o SEZoa= ;(1—

o]

ZO =0
i T S v i S

lN'

) oh‘. &t olo
> fo <o rlo J%

of G A E £ o 459
3.0 7 y
J /
’/ 7z,
L / /
25 Fa
! s
S
20 ’
%7
/
//
= 15 F /,’ /
o e 0
7 7 ;’
4 / .

1.0 -7 ;o sinh(x)

.- A - - --exp(x)/2

-7 7_/‘ ~~~~~~ (exp(x)-1)/2

05 K~ - _--/. _____ XZ.S

ARG 3 5

LT B x+x°/6+X°/120
0.0 Lz T ! : ! :
0.0 0.5 1.0 15 2.0
X

Fig. 3 Comparisons of each function in a small range of x-

value
log(s Exponential creep
Diffusion Viscous Power-law
creep glide Breakdown
o
° -y
= (g
ce fo]
G
§2 |15
b 1
AR
o= :_"uJ
/ : 7
_— |
] n
n<n
log(o)

Fig. 4 Schematic illustration for stress dependence of the
steady state creep rate [Ref.(16)]

2x|ul ko SR eyl FEE
& HARRHA Ba eER A5
T Sl nla QAp7y Ayt
12]3L sinh@<E BLE 7§el Ag=ekae
MagAeRs wudol Midma Jl
ey gro] FEEA gAY JF LXVP
Ak ofel Wl sinhd= A (9 &
Taylora = %39 F fJoen=  #dgh
AR At 9go] 7hHsskA

sinh 35 = sk
FHHh

H

Pg Jl~>
b 32 o o

il

L
ko)

”lx% =

R

5

1Ke)
T:T

00{'

oXE f“

Taylor ol ¢}k

2n+1

() ()’

N (ax)
5!

(n-+1)!
(n=1,2,3--)

sinh(ax) =ax+



460 FEY AT
140 5

A HolF5ol x ol #e
FAHERZ A =
& 2 3dsta slem, wbE x gro
32k, 52k, 7 ZF... power law = WslalAl =
t] o] power law 23X AF¥ XA €
=, T-Soll 93k W32 Fig 4] YeRH 3
=9t &9 Aol BAE W2 At 2
22 xdd ¢ s Aotk

TR TST AWk v ge] o g )
nA5ke EFEla glone FAMS AREd
H] uL 4

o)
= 2R
A2 g o) Zol wlg- A3 Aow g

-
LN
=2

fr = [k o

oty

JN IH

24.1 X MY 2H
Dom< g3 &9

E’.‘HE]% Baileyo] X @O A
5y o,(7) & == dFg5=E 714 std
s oled Selen Agudel Ay

(exponential model, Exp. Model)S- A| A3}t o] mEle-
& 78 37kA] Alo g 7k g3

logt, =C, +C +CO'+£O' (10)
T T

logt, =C,+C,T+C,0+C,To (11)
C,

log?, —C+T+C(7+CT0 (12)

A7|A C, Cy C, Ci ABSTEA FH A H(least
square method)ol] ¢]ate] Fefzit) o] HElEL R

ke
A8 rElEA HAY ges|AHs ol8std EHEe

A% ke A4 T S ent M e g
tlolEfol| A 2t gh= Ao 7 W kit
Eno™®E power laws o]&3fo] Unkz o g uk

5
AgEE TIP We BT Fele] vEd 4 9l
FAA ”%E%](Statlstlcal linear model)= | O}o} 3}
ol Qusom Wol AgEE TIP WE EF
EL’G}O% Vel 4 9l AErndaa thea) go

_rlrg

ﬂ

—

I:Ll o

logt =a+blogo+c/T+d(logo)/T  (13)

logt. =a+blogo+cT +d(logo)T (14

Enot o] RES o]&3to] 617 3] AT 1
o5& T v Aoy FARE TS gl AY
dloJefel] wla] A e o]= o] RHe]
logo ol gk P rdojmz GAE FollA] sjet
Alztel logo o wet Hldgow ZopAl= As
Hkedsk]  Belby] wEelth Ty o]

U7 REe TIP3 o] o] stehu|E ot

BrE AN @Al FHdSE]d At
Rk, sl e ewolEge g
ol&Ao] Z}zt =P ow zgHom TTPHEAH

Bgshs el sk oA FY 5 vk

242 Taylor 25 ZH
McVetty:= =&]3Z

bl o 8 o
WAUZoZRE 4IPS mae AN
SR sihde mEle WHY md Ao
shadelel s RaHgel glold muxe] sebui
e RS oleige] Yok B ATl
s TsE Aadn A% 3wk el

= SAE skl olE olgste] 617
ghael ARt A2l e dSshat vk

MeVetty®] 22 21 @) #o] ma=r = 2
@M 4, & <= g2 JHdsia oo
g A @)= tAsk 2o Fsh et 2 A
(157} Fofxictk

_/_I‘:Ug oﬂ_i_/\] S

B Co
logt = A+——mlog| sinh| — 15
- B mfsin(S2)] s

A2 8] sinh S TS o A5 3 70 &
AstA ofefe] 4 (16)7 e T-S RHe]
o}

o
Q.
S

logt, —A+—mlog[(ﬂ0'/T)+wU/ Iy (ﬂ“/ ) ] (16)

714 B=C/R |t}

A2 2 (9ol =7k mhe o] W 43
o (ac/T) #el wisted A= &= Wgs &
HAME g glew 58 AR B A
sinh gob obF 2 AAFoR TS By
TR AR Heh S8 AAE F 29
T vk mEbA waA e Algke] AP gl
E%ETH FAE AYE FYE o5k ofF
A mdol & = 3l



Taylor 555 ©]83% 617 =2 FAIF A2 +9 o= 461
Table 1 Model constants and standard deviation estimated by using Eq. 10, Eq. 14 and Eq. 16
Pl P3 P4 SD
Exp. Model (Eq. 10) 1.361E+01 1.333E-01 -7.490E-03 -1.478E-04 0.34976
T-S model (Eq.16) -17.233 24217.18 1.28541 29.18308 0.34179
Eno’s model (Eq. 14) 4.525E+01 -1.407E+01 -2.970E-02 8.150E-03 0.34738
Model 1 : logt, =P +P,/T +P,oc+Poc/T

3 5
Model 2 : logtr :E+?_@10g{(30'/7)+(30;7) +(HO‘/T) ]

Model 3 :

3!

logt =P +Plogo+P/T+P(ogo)/T

% P, P,, Py and P, are the model constants determined by multi-regression method
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Table 2 Model constants and standard deviation estimated at each temperature
1073K 1123K 1173K 1223K 1273K
P, 6.76851 7.047 4.04274 3.87145 4.25903
P, 0.94048 0.6129 0.92362 0.51753 0.60348
P; 0.05253 0.14651 0.04108 0.12255 0.10019
Po) (Po)
logt, = B - P, log{(fga)+( ) +( )
3! 5!
% Py, P), and P; are the model constants determined by isothermal fitting
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