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ABSTRACT

iy

, High Cycle

Gas turbine compressor blades used in a combined cycle power plant are possibly damaged and

fractured during their operation. There are two possible causes of the failure of compressor blades;

one is a defect of material quality which can be detected through some microscopic inspections for

the fracture section, the other is high cycle fatigue problem caused by vibration and can be diag-

nosed by carrying out dynamic characteristics analysis for the blades. In this paper, in order to de-

termine the cause of the failure of compressor blades in a combined cycle power plant, examination

of the fracture section and the propagation mechanism of the crack via stress analysis are performed.

Dynamic characteristics analysis via FRF estimation is also performed to identify the cause of

failure.
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Fig. 1 Schematic diagram of power generation via
gas turbines
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Fig. 7 SEM analysis for a cracked face of the dam-
aged blade

Fig. 8 Fixture for a test blade
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Fig. 9 FRF chart of blade sample (1) and (2) for
the 5th stage
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Table 2 Material properties for the FE model

Densigy Modulus Poisson's
[kg/m™] of elasticity[GPa] ratio
8,000 193 0.3

Fig. 12 FE model

Table 3 Natural frequencies for the FE model

At 0 RPM | At 3600 RPM Nearfest harmonic| Gap to

(Hz) (Hz) requency N.H.F.
(Hz) (0)
177 227 240 5.4
628 660 660 0.0
764 795 780 1.9
1345 1364 1380 1.2
4208 4234 4200 0.8

RS vEE AAGSIT FdHE L s

A7H3600 RPM)E AoE of 3 HA 4
Aejetare sHEGEe] el A9
AeS BT gl '}
Edlol=7F sl Elel A uligd e

3 dAfelE IR

gtar & 4 Qlrh &

NEORES

fo o fo b ko

3]
AEF
<733t

ok #A eakE aEsid e
19

g L F Jde TR 24
3 Fig. 132 Bdo]= {3t

;g a1
RPM(60 RPS)7HA] ©HAA o2 s]dgo] AHEES

i)
T
k)
u9
ki
off
>
3
ot
i
)
2
N
ki
%0,
o
[

1030/et=4

2000 — T

1500 F

1000 |-

Frequency(Hz)

500 =

0 ‘ 1 R 1 . I H
0 10 20 30 40 50 60

Rotor Speed(RPS)
Fig. 13 Campbell diagram for the FE model

R — AN

sTEE=1

aMx =4.695

0

1.043 z.087 3.13 4.
. 521674 1.565 2. 608 3.652 4.695

Fig. 14 A mode shape for 2nd mode(660 Hz) of the
FE model at 3600 RPM

157 3600 RPM S| 3| H#S AE3ls 45l

660 Hz= g3 7459 il E R (edge-wise

mode)E HOFiL Qitk o] okd AlY An F

621 Hzoll A Y= arlsR=gr dxjstal 9l

o A AR AT AFEF Aol Ed

ol=E X FF WAR oA Ues F
[}

1 geelel B9l B30 ke AgFoRH Tl
Fg Ase Belabl Bk o W Fo SH
W A $8AF 942 detsA goam oy

ofn
OH
19
ol
i
Mo
ik
X
[\®)
(e
)
2L
ot
[\
2
(e
rL



urzwﬁm%mmgﬂiﬁm %meﬂ%wﬂ% %mjﬂ M%ar.ﬂamuoﬁwﬁ %Mw
~ " ouo n| > o oy B B — gy X
SEE ko mt w g T B TNEmoea BT
:;_HL4M_|‘O|,_|_,_A| 5 N ATﬂﬁho]_i = F o HTﬂrLz_o,a_lﬂAumo7 TN
TP Er® T T pem 2 2T W T W Tyl g R
.quEo N - R B B o L)% ur Jua i 2P LI
=1 Ery Z#E s AL — o] w X ~— —_ HT o B o ,UrL —_ o —_
Ea g RPREELE ﬁao}nomﬂbri{ NH P s g E T E o
: = PO go 1 7 R B . ) a I
T R R ST L TR RO g o e G %m 7
RN e ° T X LA e B < T = & s R
MﬂﬂuATﬂ < = = o ulﬂﬁTmnﬂaTﬂnoUl H ﬂﬁﬂmﬂﬂrw_w%muaﬁﬁa_@c N~ B
Ewﬁa EOMMUF&MMO ol EEOU]TIE_ME‘.}I mamulmmmwfﬂmumcﬂﬂﬂ%mo N o
g B XN W AR gy e 1T L e TE E  m o=
Lcﬂwwﬂa@m@%ﬂ%ef @wﬁovovﬁgcj ) ﬂ%g%;ﬂwﬂ%aﬁﬂﬂ@ T 2
jatint o = o Amuy S — o oy ﬁﬂL B 7A+ = ~o ﬂkuu o =0 i rpg i A
o N T o n X 0 o ofpy _ &3 & B
R it I T R S ToNgpEg e e TR "
]oﬁ.ﬂo«ﬂr =N MoJl;.oLmﬂLt _aLIt o% T o B R T BT g
D o o 0 W X R0 gs P g WA X T o 2, To
e S T i N N N« = o % o AR oo W X g o W g g By
= I ﬂ?z%%%gLEu%,outmoE}To# Ty mEWT w® g i onl
W T R ™ = romy T wa IR T G R
%ﬁ@rﬂ%wwfa ﬂa‘g%pﬂ%ﬂﬁﬂ %%ﬁiww%mﬂﬂi%ﬁ%%ﬂ
HHw DA g sg _ M2y < M WEEE TR T ooy A
B O T O A IR WS L S B Y S - SO
o M o o = R T oF AT T B 277 Mo oF o o T B o] 4 o W e ® CElT
Em=zs MW®H oo du o mWT & R o N ~ B R R B oNe No oo o <R

AN

NODAL SOLUTION

.1338+10
666409
.695E+09

MAR 10 2010
14:29:25

.118E+10
—
S93E+09

5198409
-6182+09

.103£+10

Fig. 15 Stress distribution at 4234 Hz

.541E409

Fig. 17 Stress distribution at 227 Hz

8872408
245£+09

264E+09

.740E+09
371E409
.387E+09

E—
594£+09

I
297E+09

2238409

4488200
2338409

3022409
150409
1562409

758E408

. 1558408
.790E+08

Fig. 16 Stress distribution at 660 Hz

(ave)
004514

9242407
194E+07
206E+07
167E+10
2062407

33333

a2
227

REAL ONLY

NODAL SOLUTION

8
s
5:

NODAL SOLUTION

FREQ:
FREQ=660
REAL ONLY
sINT
DMK
FREQ:
sINT
Drx.
B
sux

=l

s,
°l

S
[e=]
=

Al

=
L

o]
, 20108/1031

1

<
=g

<

714

Joll %

QX

/A120 A A 11

.

1ol v A #EHo] «

°] 454

227 Hz, 660 Hz, 4234 Hzol

2}

2Z1

KeX
R

Figs. 15~17



A AT AT HFS D
et & ¢ ok weba FF Edo]= %7]  Technical Report, Impact Technologies, NewYork.
ATEAES Folet= FAl W uk olg} 1Fu}e) (6) Hawthorne, W. R. and Olsen, W. T., 1960,
& T3 AAGA N AEHE FHo] Edo]=  “Design and Performance of Gas Turbine Plants,”
2744 & Y& 2o o= gdotdr Princeton Univ. Press, Vol. 2, pp. 563~590.
(7) Boyce, M. P., 2002, “Gas Turbine Engineering
2 1 F 3 Handbook - Second Edition,” Gulf Professional

(1) Lam, T. C., Rieger, N. F. and Mccloskey, T.
H., 1988, “Turbine Blade Life
Improvement,” Proceedings of the American Power
Conference, Vol. 50, pp. 191~203.

(2) Scheibel, J. and Dewey, R., 2007, “Status on
RO Compressor Blade Failure Investigation,” EPRI
Report.

(3) Boyce, M. P., 2002, “Gas Turbine Engineering

Assessment and

Handbook - Second Edition,” Gulf Professional
Publishing, pp. 407~435.

(4) Rieger, N. F., 1989, “The Relationship
between Finite Element Analysis and Modal

Analysis,” Sound and Vibration Magazine, Acoustical
Publications, Bay Village, pp. 36~40.

(5) Orsagh, R. F. and Roemer, M. J., 1994,
“Examination  of  Successful ~Modal  Analysis
Techniques Used for Bladed-disk Assemblies,”

Publishing, pp. 3~57.

(8) Hong, Y. S., 1995, “Basic Theory of Gas
Turbine,” Chung Mun Gak, pp. 189~219.

(9) ASM Handbook Committee, 1975, “Ductile-to-
Brittle Fracture Transition,” Failure Analysis and
Prevention, pp. 44~56.

(10) Choi, B. H., 1996, “Metal Fracture Diagnosis,”
Jinyoungsa, pp. 31~61.

(11) Yang, K. H. O. S., 2009,
“Variation of Dynamic Characteristics of a Low
Blade with Crack Length,”
Transactions of the Korean Society for Noise and
Vibration Engineering, Vol. 19, No. 12, pp. 1281~1288.

(12) Yang, K. H.,, Cho, C. H,, Bae, C. H., Kim,
G. Y., Lee, W. R. and Song, O. S., 2006, “Study on
Change of Dynamic Characteristics According to

and Song,

Pressure  Turbine

Cracked Condition in Turbine Blades,” Proceedings
of ICSV 13, RS08, pp. 468~475.

1032/3t=2 A3 SIS =2 &/A 20 H Al 11 &, 2010





