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m Sustainable energy system is a combination of wide variety
of energy resources.

m Result in flexible power generation. -
= New requirements for boiler creep fatigue design due to =
intermittent power demand. Hao
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Developed models are completely defined by two potential functions:

the specific Helmholtz free energy ¢ = (T, €te,w),

(linear kinematics assumed € = €c + &c + €¢n, Ete = € — £,
w=1-D)

and the complementary dissipation potential ©(Y, q,0; T, w)
defined as

6 Results

7 Conclusions

Op dp dp
= - —: —Y.
K dq 7+ Jo o+ Y
Together with the Clausius-Duhem inequality
y=—p(tp+sT)+o:é —T " gradT-q > 0
results the constitutive equations

YRy NI SECCAN
p(b+8T>T+(0' p@efe)'steJr(Ec p o

., Op _ [ gradT Oy _
(w+0Y>Y ( T +8q q=0.
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1 Introduction

e 2 TD formulation
SPECIfIC mOde|S % Sjpeaiie et

4 Monkman-Grant

The specific Helmholtz free energy 5 124 .
parameters

1 esults
oY = pce <T —Tln £> + = (ete — &tn): wCe: (Ete — Etn), o Rt

Tr 2 7 Conclusions

e = a(T — Ty), thermal strain, C. elasticity tensor, o thermal
expansion coefficients, 7} stress free reference temperature.

The complementary dissipation potential
W(Y7 q,0; T7 w) = Soth(qv T) + QDd(Y, Ta w) + @6(0-7 T: w)7

where the thermal part is

1,
pun(q;T) = 5T 'gx'q.

For creep the following Norton type potential function is adopted

he(T) wore &\
T — —
‘pc(o'7 ,UJ) Pl te WOre 5

& = \/3Ja, he(T) = exp(~Qe/RT).
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Damage potential

Kachanov-Rabotnov type

hd(T) }/r Y r+1
paV;T,w) = 1 LWk \ Y ,  model 1
1
he(T Y, (YT
paV;T,w) = — (1) — ,model 2
(Gp+1)(1+k+p)taw® \ Y2

tq is a characteristic time for damage evolution,
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ha(T) = exp(—Qq/RT), where Q4 is the damage activation
energy and R is the universal gas constant. The reference value
Y: = 0:a2/(2E), where 0,4 is a reference stress for the damage

process.
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Cwyc = (€5in) " trup & constant.
For the two models the Monkman-Grant parameter have the

values (m = 1)

1 td hc o p—2r
C — ~C . tru = 0 - d 1 1
MG €minlrup 1+k4+2r tchd (Ur> mode

t
CMG = til model 2.
c

Model 2 can be obtained by imposing the following constrains to
the model 1:

1 tahe
14+ k+2rtohe

p =2 = constant.
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The calibrated model parameters for the 7CrMoVTiB10-10 steel (T24), gc = Q¢ /R and ¢q = Qq /R, 5 T24 parameters
p(T) = pr(1 + a(T — Ty)/Ty) and v(T) = (1 + b(T — Tr)/Tr),
orc = opq = sigr = oyo(T) = o — cT, with o* = 1123 MPa, ¢ = —1 MPa/K 6 Results

7 Conclusions

mod te [s] Pr tq 8] a qc [K] rr qq [K] b
1 3039.9 14.77 37.768 —4.804 7137.6 7.545 9350.1 —5.201
2 3414.1 14.59 41.26 —4.891 7137.6 - - -
400
300 o
w07
T y o g
= ° =
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&cmin [%/10°] tp [N

Minimum creep strain-rate (lhs) and the creep strengths (rhs).
Solid lines = model 1, dashed lines = model 2. Top 500° C, middle 550° C bottom 600° C.
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The models are implemented in ANSYS using the USERMAT 6 Results
subroutine and the mesh consists of mainly 20 node hexahedral ANSYS 7 conclusions
SOLID186 elements & some 10 node tetrahedal SOLID187 elements.
Prescribed displacement history at the end of the tube nozzle.

The computed lifetime is roughly 150 cycles. Ramp time 1 hour and
hold time 200 hours. Internal pressure 14 MPa.
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Damage distribution near the most critical location of the header. The
accumulated damage and the equivalent creep strain at the most
critical location as functions of the prescribed displacement.
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6 Results
Thermodynamically consistent model for high-temperature creep

fatigue analyses has been developed.

7 Conclusions

A specific model with Norton-Bailey type creep and
Kachanov-Rabotnov type damage models are used.

Two version of the damage evolution equations. One-version
satisfies the Monkman-Grant hypothesis exactly.

Materials parameters for the 7CrMoVTiB10-10 steel (T24) have
been estimated in the temperature range 500-600 °C.

Developed models have been implemented in the ANSYS
FE-software by using the USERMAT subroutine.
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