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This study investigates the failure mechanisms of the third-stage stator blade and fourth-stage rotor blade of a gas
turbine following 720 hours of operation. The initial fracture led to extensive damage to the remaining stationary and
rotating blades. To determine the probable origin of the fracture, macroscopic examination, scanning electron
microscopy (SEM), and energy-dispersive X-ray spectroscopy (EDS) were employed. The presence of striations and
beach marks indicated that the fracture of the third-stage stator blade was fatigue-related. EDS analysis confirmed the
presence of approximately 55 at.% gold in the bright region of the fracture surface, indicating a previous repair using
a gold-based brazing alloy. Examination of the fracture surface revealed a cavity approximately 100 um in diameter
and a crack at the interface between the base metal and the brazing alloy. These features were attributed to inadequate
wetting and insufficient penetration of the filler metal during the brazing process. Such defects can act as stress
concentration sites, providing favorable conditions for the initiation and subsequent growth of fatigue cracks. The
available evidence also indicates that, following initiation, the fatigue crack propagated along the fracture surface and
ultimately led to the fracture of the third-stage stator blade. Subsequently, the failure of the third-stage stator vane likely
caused the detached fragments to strike the fourth-stage rotor blade, resulting in and contributing to its sudden failure.
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How to cite this article

Rajabi E, Nematipour K, Failure Analysis of Stator and Rotor Blades of a Gas Turbine: Case Study. Modares Mechanical Engineering;

2026;26(11):865-875.

*Corresponding author’s email: Elham.Rajabi7171@gmail.com
*Corresponding ORCID ID: 0009-0003-8780-9485

Copyright© 2026, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build

upon the material) under the Attribution-NonCommercial terms.


https://mme.modares.ac.ir/article_29098.html
https://mme.modares.ac.ir/index.php?slc_lang=fa&sid=15
https://orcid.org/0009-0003-8780-9485

I JEOPTNYATO-AVO o SuilSCo (utiges HEVI-T49 L

e SilSe (suwaige

DOI: 10.48311/mme.2026.121591.83047

- - & *
mme.modares.ac.ir :dxo Slol =i g//_ﬁ'/’/apii
"t )

LY asllbo :‘_53'.? L’):’.?)SS LiJ" J)z‘bo 9 c’.q‘j L;Lam).g Cwsd ede WM

292 Glesi (shgy95 ¢ F 2y pled!

bl o8 ilioygls adile crsd YIS paeli Sy «(s5r9llie gladylps

oaS> aJlio wileMbl
cielio Y¥o 51 oy o (655 st S s89y ooz sy o 9 553l egus Cindy oy il Jle gl ol 5 o g5

opy cansSi 33 L Lol gl g Wneydalyial yads 0 oslitul EDS 5JUT g gy (gl CsSass Sene
b ordg; x>l )3 1) Vb el 0y3 00 334> j5a> EDS JJUT . udlie (i £33 51 5ilinl pgu s,
Sy 5 x> 3325 cnSid s uys sl Wb by Sy SLIT L LS sl plandl Sl o 0 10l S
$iT58 53 oSy 16 BISL 395 g (Swigayd s 4y o sls Lt 1) oy SLIT 9 by 518 Syde Juad y3 1y (lo

e e e o Ui dzi)li
N ) Ay 5 Hidilsz sl |y diae) Mlsie (IS JSHed Pl glsieds bLE ol sloads sl VP FIA sl
L coled 53 5 Bl Al s b )3 ((Siud Sy 4 30 GldS Guiznad 39290 Jmlgd LS el VOO 16 K55
wilehd 395y Caw Yo joilinw] pgu Cans) oy S cdolsl 53 .ol said yoie Hgiliwl pouw Ca33) 0y Sl ALATEATA SRR ERY,

ol 00 ymine (4] (SLSU Sl 4 g o g9, ol wdyop bosdlas VEQLENY 2 oSGl

.U.?)lb P b ‘giu);)_s ‘U.iw.o ‘LS)"S 0398 0y ROWA O a.b.w :Lmoj"s.sélf

dlis ol 4 glzyl o9

e Sle uige (53,90 4l (35 gl So Shaie g ol sldey wunsl e oy (hesS s9y e el (2,
1£-0;FT(11): A TO-A Ve

Elham.Rajabi7171@gmail.com :elilKe jlsosge odimngd (Sudg Sl o
0009-0003-8780-9485 :sLilSie 130346 okucgi S duoliss

Copyright© 2026, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build

upon the material) under the Attribution-NonCommercial terms.

1840 0 M oylads (Y0593 93 SilSe (wiige (ele dolinle


https://mme.modares.ac.ir/article_29098.html
https://mme.modares.ac.ir/index.php?slc_lang=fa&sid=15
mailto:Elham.Rajabi7171@gmail.com
https://orcid.org/0009-0003-8780-9485

Sl gla il dlaz I e sl Gililes byl cxi a8
bIs b Giusidile oS35 slas¥sd F] 85,08 )8 Saelios 5
21N0) 2)S B ylade g (jg30pd) p9)S w3 WV LY (39
ez jl Galize (olgm g0 s Jds 4 (g 203 V- U
ccalio (5,8 il g (S SUl polss Y (5395 4 cwglic
35 slooued op Ui 3 (6345 3l 39y ddye g sie

LIV=Y] 5408
S obsy 4 Jlail « S0y 9 o o 8 085 cuz Ygeane
s wYlail skl sl gy Sipim 39 oo ealiiul
Rl b duolie )3 o5 cwl Guis (a9 eSS (@ Soctus
02l d3de plil Jddpoaigsie 9 gy (Jladl glagbs,
038y 38 51 oslasul L1y puizmamp wlild Jladl oSl Ghg,
Wb » I 5l Ygano o5 A0 pald ol w93 abii b
ROWI XV R OX] u.,JLSb).&ua 23V ¢ JSGS Mb ¢ann ey
¢ Jlail alols o5lul siile salize Jolge 40 Jladl ‘choawl
9 shueadl aiahd slos woaiiSy 3 £63 sl (Siaed line
wlellhe Gb [YV] 3l (K osuiSys 38 (Swisdys oliae
gy Jols ole pae 3 ok culioli (gjLueslel ond ol
sl g oaiiSy esle a3l 3985 4 e Sigjuy S
G e ol dgde Syido Juad )3 humd gawS| slady
SIS S plgie 4l (igdo (Siws pRalS el L
Ao aldl wad 4y Jlall e 3 |y il Syl g 03)5 Jas
IYY] 33560 (e (St (sl Syi g9 4y ynio iled 3 &5
13y 9 595 liul pgur Cansy oy SO Sl Judaxd (g ol )
Cadiyd (93)S (et (o2l 5l Bas Ll oud il f’)Le»?
2 ey cwsds GJlaisl Jle Jud=i 55355 5 jeilol op cusid

Abbse g >

CARVAR- D
el YVe 3945 51 Gun @lglBe €/0 (lsi b 535 canygi SO
TS glhas el 5 @olesue (sle ol oaid JLis a4y oS58
03 b 2l 5l (omgt e sles salepd Lil¥h)
Uiz pBim 53 seupnaS 455y o5 0035 et 4dsl Gy
ol 3929 odimalid aS 5ls Gulad jgiliwl slaey b s

el Gaygd €1 i3 3
4 pgw oy ol o )lez b paddie (e JLiges 51
Syxio glooy b daedd )3 9 odd 05 j9wpeS (539)5 o
hady ol oy o prizrer 1ALy Guled (sl pgw i,
iy caawo 31 (Span) oy gLyl 1)e Jaloe Smdge 53 pgw
o 5301 T coyy ol oSy axbaus (69, 52 S92 0845 ani L3
ol 52 osMe 1 olie (el Livie b o wligusy g
oA o j3uppaS (63339 eaww 4 35 oylez Ly Syxite laoy

Modares Mechanical Engineering

280 SR (09585 9 () !

dodio -

ol slodilobo g 95 1gi 55 o canl (659930 55 e
Glel Ui 93 Jols Jsame 55 (rysi S 390 4133 )50
O yguipaS  (9wpsaS) Spw Gl 9 (Oahed) €15 Uiy e
D S0 Ll 3yl sl sl 5L 3590 (sl el 53 il
32! Lol 3550 Cgumme 5 (ragd 3y Ll s3upsaS 4251
ol Cilize (slySg5le Byme )3 Glizxa ooy ofigey oo
2 pluzl 3555 51 (AU il 5 (53,55 (S aiile
JseipeS lizl oS wilosls las ey wisdlas [Yo¥] S5yl 51,8
aadr elileiy) g Jliwl ¢z ol (SKiws S 4 Laee
3503 55155 &S ol (sl S 9 Sy Ay (S g95d J>le
JE-T] a0 &5 adgl Sy slel 51 uo glas )z slajias
(2 e iy ol I G Wlsie adsl Sl
20 Lyl sile waiss GloSiwsnls b Sl ((S3y5>
lallsl wwlswy sile (gylizbugy, Jolse ol 5 ogde
Seal g lalbT b b 09,5 loapusT sile (5318,
dzo olsic 45 3ilgige osle Hlisle 43 algie ju ails ol
eely 2 @) 3935 oizen [V-A] WS Joe Sy g9
(Sarelind (A5 35500 3ol by g o ogy dlom dd (59 0yé sl
18] w230 LidlS Wl @ |y (SKiwd yoce

9 M ye ohigdy 35 slagsy (Shaxe Jelge ol 5
sloainld Ladd ;3 g W)l yeas ole leybuwil )3 Ygasno
S2s> & Wlgioe 3 buse sk, il (i (S35
b oz 53 S3s5 elsil gl 3 K bl 1850
oy Zohw p cwl (Sow a5 ol (&.i;..u..u) Sloyas (53,95
sk De=IV] 35 sl 10,8 (551> slacSed (o520 5
oyan Sl (il s (_,.iu.us,ub a5 $lesyS lo Ul)iu.&g)_s
Y ylaie b pmdge (I Syl 5 Sy (5 plalS slol el
DY-10] 394 50

lzyo gl &5 3230 (I8N SHT g d dy Jaled (GBS JS)eS
L;Lmo).;: 3 e Yk ol U.iw.o sl 3 Sl i
3uysaS (slooyy ;3 el g AISI410 (555 3V I szl
0y 31 il (s cwSl €450 (355 3Yg8 51 sndais L
0Xiy9> slali=o U.iu.w ‘4‘9) A el ol Ui’:)l}f;))gb
il ) wewl sdijodnd bbb 5l 5eS (g2 i 8 ssba
ol wygot (S395 b (luead des 5 (SWlSe (6,180
Yoo 45) Syi 5Ll dloye oS conl dogs BB S e Joe
sl bizo s (cwl U.iw.o CanS 3inlyd 5y Gidw o3 S Vgb
DY) 25050 gy by oyas LSad s a4y odiygs
it 208555 gilie )3 wlabd (o)ules 5| s slaoy,

Volume 26, Issue 11, November 2026



By A 4ol (2 93530 )2 35 31 S5 53 iz 2 Bls
23 8ip0 3=V g Z-VUSD 4 azgi b dgdi e samldie Sy 50
coud 93 Ay Sl prdaw A5 354 (50 edmline Sy b

oddd oaly lisd dw e hs Uy g W S 53) SIS0 el

$Ldges 31 e | oy I sfwgSle wlialive ) S
oy () gl Eow i3y oy sl adaw () ol opaygl
oSt s () oMbl oy wyglone 53 jeiliw] pguw Cinyy oS

wigle 53 )55y ez ) oadps (sleoy (3) 5 sy Lz ey on

AL © 3%
Figure 1. Macroscopic observations of the damaged blades after turbine
disassembly, including: (a) fracture surface of the third-stage stator blade,
(b) bent third-stage stator vanes adjacent to the fractured blade, (c)
fracture surface of the fourth-stage rotor blade, and (d) bent fourth-stage
rotor blades adjacent to the fractured blade.
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Figure 3. FE-SEM images of the fracture surface of the third-stage stator
blade: (a, b) low-magnification and (c, d) high-magnification.
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Figure 4. FE-SEM images of the fracture surface of the stator blade in
region A at different magnifications (above the boundry line)
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Figure 2. EDS analysis results of region G on the fracture surface
of the third-stage stator blade.
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Table 2. Chemical composition ranges of AISI 410 in accordance
with ASTM A276.

Fe Si Mn P
Base Max 1.00 Max 1.50 Max 0.04

S Cr C Ni
Max 0.03 11.5-13.5 0.08-0.15 Max 0.75
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Figure 6. FE-SEM images of the fracture surface of rotor blade: (a, b)
low-magnification and (c, d) high-magnification.
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region B at different magnifications (below the boundry line)
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Table 1. Quantometric analysis results of a sound third-stage stator
blade.

Fe Si Mn P
Base 0.32 0.41 0.014
S Cr Mo Ni
0.018 12.0 0.12 0.30
C Al Co Cu
0.12 0.006 0.02 0.07
Nb Ti \% w
0.021 0.018 0.02 0.06
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Figure 9. FE-SEM images of the fracture surface of the stator blade at
different magnifications.
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Figure 10. EDS analysis results of the regions above and below the
boundary-like feature.
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Figure 7. OM image of the cross-section of a sound third-stage stator b
lade.

El] W% A%

Cr 0.75 1.94

Fe 4.61 11.08

Ni 14.08 32.15

Au  80.55 54.83

SEMHV: 150KV W
SEM MAG: 2.00 kx
View flold: 104 pm _ Dats(s

(3-Y) S 33 oads Lative B 4u>U (EDS JJUT aolis (A JSK&

MIRA3 TESCAN]

RMRC FESEM

Figure 8. EDS analysis results of region B indicated in Figure 3(d).

Adlse pesSaeler 4 Suap beyi> ol I B sk
Ao i (550 b3 ol 9 YU )3 1y EDS LT polin« JSio
Ui 985 3 whis ool 4 Gldy Sea 31 LT 4
3IUT o5 candloys ol (e JSB) 30 plid [y Wo (ool
Cye S Sy MW (wibeje s SiYL)B 4l H3EDS
9 o) 3 J=o ;3 (EDS ).Jl.sT o 0dle iz A Latide
u_ii,g) 9 0 3y Jo ‘EDS},EJLST ol W JSG s ‘cl;dl u_ii,g)
Glel 4l O IS8 4 azgi b amse ol 1y (K i)

Abbe ‘o.:JSJL: 9 033 31y o3le

Volume 26, Issue 11, November 2026



o 3.08 23.00

Al 3.85 13.53

Cr 0.59 1.05

Fe 4.58 7.58

Ni 12.65 19.94

Au 7425 34.88

Saiguolydlgl 31 8 T alasis EDS jJUT dsecis (W JKi

Figure 13. EDS analysis results of point J before ultrasonic cleaning.
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Figure 11. EDS analysis results of the blade braze joint region and
the ring.
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Figure 16. Beach marks on the fracture surface of the third-stage stator
blade.
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Figure 14. EDS analysis results obtained from different locations on the
cut surface of a sound third-stage stator blade.
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