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The objective of this study was to perform failure analysis of an inlet pipe located in a governor valve of a
steam turbine in a district heating system. During the operation, the temperature of the governor valve was
increased to as high as ~500 °C, which induced thermal expansion of the inlet pipe along both axial and
radial directions. While the inlet pipe did not have contact with the valve seat, the side plane of the upside
was constrained by the casing part, which led the inlet pipe to experience stress field in the form of fatigue
and creep. The primary crack was initiated at about 30 mm below the top where the complex stress field
was anticipated. These results suggest that the main failure mechanism is a combination of thermal fatigue
and creep during the operation supported by the observation of apparent beach marks on the fracture sur-

face and pores near the cracks, respectively.
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FAILURE ANALYSIS OF AN INLET PIPE OF A GOVERNOR VALVE IN A STEAM TURBINE OF A DISTRICT HEATING SYSTEM
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Fig. 1. (a) The structure of governor valve in steam turbine, (b) the magnification of red square marked in Fig. 1a, (c) the
structure of inlet pipe, and (d) the magnification of red circle marked in Fig. 1¢

Fig. 2. (a) Failed inlet pipe, (b) primary and secondary cracks on the outer surface, (c) primary crack on the inner surface, (d)
primary crack on the upper surface, (¢) sampling positions analyzed for the failure analysis, (f) outer surface in the upper side
near the valve seat, and (g) outer surface in the bottom side near the nozzle box seat

SHAl HoIZITE, Inlet pipe 3257] WHEeL 71 o
of S1AI5t T7] HHlE o]olF= miT e 2 A, Fig. 1c
o AN E F7} Zo] AAEH 7]FS R 777.7 mmS]
o], ok 164.5 mmY A&, 2F 12 - 17mmY FAE=
7HAT}, Fig. 1c9] w7b o F3& gt 90|
Fig. 1dell A|AI=o] =, Inlet plpe./] AW B
AEQ] ofd] W} w5 Ry, BAS Aol Ui
I} rlERE FEHE o] FoA 9,1“/}. Inlet pipes= ©F
537°C ¥ °F 97 bar®] 2% ¥ S e FloE

1= 3t

W ATE oA AEERiel, Al A aE S
71 EHl ] 247] B0 Inlet pipel] =S the
th s A A A7) flal, g e o]

CORROSION SCIENCE AND TECHNOLOGY Vol.21 No.1, 2022

g 9 e FRSIGa, gso] WS Inlet
pipeell thet 1 A4S Fasho 2 =0 ¢l
< Jrgstar olel disk i3S skt

2. 974

Fig. 2at= oF 1A% AREE § wtdo] WA x|
¥ Inlet pipeE HoJF=t} o] wl7he] 7Ee p22
UTZA 3}8 245 Table 19 AASFATE ©E. Al
Eg}l nprHE HX]‘?_] Inlet pipel] SIHOZREH F
Q YL (Main crack)®] F 63 mme] do|= A5k
om, MM Fo dFENH S 23k 7o
(Secondary crack)= &% ${THFig. 2b). Inlet pipe®]

63



HOBYUNG CHAE, WOO CHEOL KIM, HEESAN KIM, JUNG-GU KIM, AND SOO YEOL LEE

Table 1. Nominal chemical composition of the inlet pipe (Wt%)

C Mn P S

Si Cr Mo Fe

0.05-0.15 0.30-0.60 >0.025 >0.025

>0.5 1.90-2.60 0.87-1.13 Bal.

()

Fig. 3. (a), (b) Fracture surfaces showing the beach marks, and (c) the magnification of the fracture surface marked as the red
square in Fig. 3b, which was identified from scanning electron microscopy and energy dispersive spectroscopy
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Fig. 4. Optical microscopy images on (a) the outer surface near the primary and secondary cracks, and (b) the microstructure

near the primary crack with the oxide layer
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Fig. 5. Optical microscopy images near the secondary crack tip in (a) low magnification, (b) high magnification, and (c) the

cracks with the oxide scale
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