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A Study on the influence of the rate of thermo-mechanical
loads on the fatigue of turbine wheel

Hwun Park*’ - Hyunjae Kim* - Jeesoo Kim* - Dongick Shin* - Shiyang Ryu* - Jongsub Shin*
ABSTRACT

A turbine wheel undergoes high heat flux and centrifugal force when a gas turbine starts. The
temperature and stress of the turbine wheel increase rapidly, and the time point and rate of them
may not coincident. The difference of heating and rotating rates influences the life of turbine wheel.
We conducted thermo-mechanical fatigue analysis with finite element methods to study the influence.
The low acceleration and deceleration of the wheel extends the life. If the turbine wheel decelerate

faster than cooling, the life increases.
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Fig. 1 Life fluctuation by Phase of Themo—Mechanical
Loadings in Low Cycle

N
X
>
o~
o
ol

ox

N

oo g
= o

E U IEE RS O
93 @apol WAlsA AT} oA

EL
i b
O 2
2
o >
v
et O
oo
ofN
oo O
1 i
P
of
ol
rlr
:‘_l,

Eodu re
N
2
to
X

fru
T, )
o
rlo =
g o
iz
of
i
32
£

ol
)
2
i
2
LI D Oy
oo E\‘L
o
o2
o
2
o
gi_v“
2
e
ftlo
X
O o

K
kl
mg_j
4>
2 30
)
N
b e
>
off
>

g, O
X
A
o
3
o
fu
ro rg

o
_Vﬁémg‘
m 2L
2z k
e

M
N
-~
i)
rE
et

| ol

N

)

of

ol

py
L
L
it o

m—r—‘
rlog
VO%FE

-
RS
I
b r

ut (o oo ¢

bt
r2
>

oo 8

Sz

o

2

o=

4

bt

brt

h

)

HRlE 7hzhs wste] meps ERlE
e g3 sl ARzE A7IA Ha oA
HRlg e sro &S vAA do

flo o

3. EfEIE @IAu|=Z sHA

e,

o
-

)

R

7}

A

ol

=~

o [‘-t-ou

[0

ToAE 7HE B 34 £=
}93\2”4 R
. Figure 2& ©]213 H¥
£= WHEE HoFa g
b 37HA b/ RS 20E AAske

2

2 rlr

A7
W3
gl

el
o

x&jﬁ
r_,
LN

f L
9&

=)

Ly
a

)

[e)

(oo N K
E ol

o ¥

Al

N

— 246 —



o = 2 ol 3 2~m o = =
7y A #ASE &4 2 dd FHE A4S E)
[ox ]
ATH.
Temperature and Speed Histories at Start
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Fig. 2 Temperature and Rotating Speed Variation of
Turbine Whell at Start and Stop
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Table 1. Rate of Turbine Speed and Minimum Life

@) 10.02 9.98%
Stop | (b) 6.16 16.3%
() 185.9 0.054%

Speed | Min. Life (Hr) | Damage (%)
(a) 7.89 12.7%
Start (b) 11.36 8.80%
(c) 149.7 1.38%
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