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Damage Causes and Preventive Measures of Turbine Blade

Ki-Sung Park, Chae-Hong Jeon, Seung-Tae Kim
19th Floor, Han Seong Plaza, 13-1, Heungin-Dong, Jung-Ku, Seoul 100-430, Korea

Turbine blade has been in service under severe condition such as high tempera-
ture, high pressure, corrosive and vibratory environment. Recently its frequent
failure occurred and sometimes leaded to unexpected outage which is estimated to
cost to several million dollars. In order to prevent blade failure, life assessment
technology should be developed and a criteria for replacement of used blade be es-
tablished. A lot of effort has been made to quantify the damage by using NDE
technique and analytical evaluation. In turbine blade, life assessment technology is
now well-established in the laboratory but it application to the field is not suc-
cessful yet due to a lack of accuracy and a difficulty in the field application.
Damage type and mechanism of gas turbine blade can be much different depending
on operating condition and therefore considering each plant characteristic suffi-
ciently, life assessment method and preventive measure can be properly applied.

Keywords : turbine blade, blade failure, life assessment, NDE.

1. 4 B z7lgel A Fue Bao= AnAd
Aol o5 AGEE FB(L-0, L-1) o=
gAML B meng R FA8Ao A WM Sxol BAHAT T Fad
N gAge wa ey FaREdE o 7R de BA/7z($ARATY, RANE 52
gee] 4ol WAHG. =3 g Bol= deyA ot amE Baolze %3 AA
(turbine blade)s) &4 BARAE o}7]A12 4 BRE 984 F/59 v L A7 I
% qlold Apmeud) @Al AFHm Atk ad w9 <At g sHdS7]&0]
wEg staEvle A9 neel dartaE I gngoiol gl
S4A2 AT, AFARY AL, HFEY
7 $d oz meRa ¥ Astesel JaAw 2. {8l 230|lE MBS
2z BEsn dow oH &4 WA

71 st oYy ZErl&o AwHI Ak 2.1 7}2E{8l gajo|=(Gas Turbine Blade)



R gedels &44Y

3 Ao 299

rO

7hxElY AFe BT R Asd 4
g dXEA Fds vk ZHde AN
Ed ol =(moving blade) A x4 AEH= B
Fx e w2d we WYy, GEA
Baol=st AdsEe gdAol A AU
tf. Edolzde e Y 42735y Niv] 2
WadgFol Agd o] §F& n2F=E Y
& H3ld Crag A7slz Y Hd4L2Y Al
Ti 5& Z72 348471 "o g7l wE

W gdo) Hojxle wHe] Jx ojeid dHE
B3y gt neviavt FEHEE EHAE
#¥eo FHgol WHHolrh wA(fixed blade)
AE2E Co7l 2HEEEL F2 A3t o
t}. o]z Corl 2 g el tie 2UEHET
s duigoz duz A, 12 AN
! S35 5ol $437]) "ot Table 14
Y Udg JlxEnd " gF5& Ve
ul 2 ot

ha]

rr W

2.2 Z7|e{¢l Eaj|o]=(Steam Turbine Blade)

Z71el Byol= A s F2 12%Cr vi=
HAol EA 2H A2 AP (12%Cr7), H273 3
3 ~Hea 27 (PH alloy), duplex A€ Qg A
%, Hetg#E Tol AHgdrh olE Fol 12%
Cr7}o) m.F. A eiWle @A glol 73 w3
AbgEE gFoly 131,23 &3 2 AYdx=
3 A2 WS T austenizing, quenching, temper-
inge] ¥x2)g HFL3te HHe HAF Az

Z] (tempered martensite) & IA o}
3. Bl ggloje &ab@ol Y YX|CHAY
3.1 7}2E{dl Eyjoj=

HaEy neREe £4 % Agse o

gg F= g2t ASAE, AW, WIB
A §ol Atk staEHWE SREYY NEE

71%/8A, AFGAE ALE, AFEH7] A T
o2 AsfA A8 7tx Fee &4o] EAH

Table 1. Materials used for industrial gas turbine
blade

WH ABB
W501D5  GTI1IN
Ist FSX-414 FSX-414 ECY-768 IN-738
2nd FSX-414 GTD-222* ECY-768 IN-939

Component GE MS7EA GE MST7F

Fixed

Blade 3rd FSX-414 GTD-222  X-45 IN-738
4th ECY-768  X-45
5th St 20
Ist GTD-111 GTD-111 IN-738  IN-738
Moving 2nd IN-738  GTD-111 IN-738  IN-738
Blade 3rd  U-500  GTD-111  IN-738  IN-738
4th U-520  IN-738
5th St16

*GTD-222 : Ni-based Superalloy
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Fig. 1. Hot corrosion damage of IN-738 1st stage
moving blade.
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Fig. 2. Internal oxidation of gas turbine moving
blade : dark oxide particles in the matrix.
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Table 2. Coatings used for GE gas turbine moving blade®™*'

Model Stage Material Coating Name Coating Material Coating Type
1st IN-738 Pt-Aluminide o Pt, Al Dhffusion
MS7B  2nd IN-738 N/A - -
3rd IN-738 N/A - -
1st GTD-111 GT29 INPLUS o Bond Coat : CoCrAlY  Diffusion+Overlay
2nd IN-738 N/A o Top Coat : Al -
GE MS7EA 3rd  U-500 N/A - -
Ist  DS* GTD-111 GT20 INPLUs ~ ° Dond Coat: CoCrAlY e on+Overlay
o Top Coat : Al
MS&F pnd  GTD-111 GT2o INpLUs ~ ° Dond Coat: CoCrAlY
o Top Coat : Al
3rd GTD-111 Diffused Cr o Cr Diffusion

*DS : Directional Solidified.
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(b)
Fig. 4. Surface crack damage & ADH repair of
FSX-414 vane. (a) thermal fatigue crack :hair
crack, (b) repaired vane by ADH.

Table 3. Damage causes of steam turbine blade

Corrosion Design O/M Emb”me_Erosion Un-n Total

/Fatigue Error Error  ment know!
Noof o 6 5 4 4 18
Damage
% 36.7 320 164 47 3.9 3.1 3.1
HP 3 1 4 2 - - - 10
IP 1 3 - 1 - - 1 6

LP 4 3 17T 3 5 4 3112
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Tie wire Moving blade Occurrence of cracking

Sit Id
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Crack

T Al T
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(Occurrence of separation and
accumulation of corrosive contents)

Fig. 5. Stress corrosion cracking of last stage
blade due to the separation of silver solder.
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Table 4. Equivalent chromium content & pitting
resistance of steam turbine blade materials

Blade (wt%)  Cr Equivalent Pitting
Material Cr Mo (%Cr+3.3*%Mo) Resistance
12%Cr Stainless Steel
(X20CrMoV121) 12 .9 14.97 low
PH Alloy
(XsCrNiMoCuNbles) 4 16 1928 low
Duplex Stainless Sreel .
(X4CrMnNiMoN2664) 26 2.2 33.26 medium
29Cr4Mo2Ni 29 4.0 42.2 high
. Fatigue crack
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Fig. 6. Corrosion pit growth and fatigue crack
growth.
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