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Liquid Impact Erosion Characteristics of Superficially Hardened

Low Pressure Turbine Blade Material by Flame Hardening
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Abstract

To improve liquid impact erosion resistance by strengthening the surface of 12Cr
steel(12Cr, 0.3Mn, 01.C, bal. Fe) which is currently used as steam turbine blade material,
flame hardening method which is simple process, without having interface, possible to
apply to large surface area has been studied to find its optimal condition as a function of
flame temperature and cooling conditions. Erosion test is conducted for flame hardened
material with maximum water jet speed of about 600m/s by using liquid impact erosion
tester. Erosion resistance is analysed by optical and scanning electron microscopes to
measure the depth of eroded specimens and its decreased mass. Degree of the surface
hardened 12Cr steel was not observed below specimen’s surface temperature of 9007C,
whereas hardening is observed by martensite transformation above 1,000C in austenite



region. The surface hardness in hardened layer of 12Cr steel is about two times higher
than that of as-received specimen(300KHN). This phenomena would be due to the
non-uniformed strain and the increasing of carbon solid solution in the specimen. The
result of X-ray diffraction pattern analysis showed that peak-broadening and lattice
expansion is occurred with increasing of flame hardening temperature.

A AW S dAERAAe] FHEAGY [ 2 AT FES FREr] 9
o] d3to g FAHAY7|ES ol&ste] ATINE A7), ofd g §2 &4 HUt
NEs Adste] AR £9¢ A% Hiee ge A7 AaFn g9 S
B 1309719 wo AbaL T BNl HF o] Abavh ALY o 90% AEE AFAS
AL, THAE FAFAR A g AAZA EAS AT gL Hul &
gol=o] &4 F2 2' Yo EAste Fio Edol=g TER Qe wAsE
F 2ol o]gtty. 53] LP(low pressure) -(section)®l 4] HP(high pressure) - =25E
< 2"o] LP oz Eozd o dgudFds A Ha 234 2ARUE 9 2%
AN §Aol dojutr] witel HRl WelA 71t B S F4skA Ao olgd s
& Egolze wrEeglE eh Zl(guide vane)d A AH(stator)E EFSAA] FA um~
Flome] FAR HAFEY 2 99 Fr|EF uet g 2 AV E FRoE A
A olE E#ol=e FESHA v SAESE 2 Fio] AR dE B EAdSA4
TAS M W A5 AFKHA HELGHES T o] HEAHE 59 HAAEF
Al BT "R Ee s e REeS AR Uy @AY dHRALRT A Aol
o4 A A FEFHE FY Zo] @rlEd 3Ws A Hed, dd gl Lp
HITE Edol=e A2 A4S Fig. 19 HeElAT. old dd& WA g =g
o= Edol=e MAAAHEY ARAQ] #HoRE EFHT £ Arh. ¢4 AAAHANA =
stator®] EW 9ol AFHO U= FES Sololv Wi FAE HAFo RN A Az
A, Fio] BAfle ZWS B0 FH WY statorét o5 E#ol= Abole] A&
HWo e ol AEE AA FoEAN Mg ENEEE FAATE WY Fol A
Ho] g Am "ol BAAME o] 4 AsA dojili= leading edge HES
= 9 A3 A2 B5sE= WY = flame hardening, TiN coating, plasma spray
Eo] 19209 o2 AL AEHI JgEdH, 53] Bakers2 cobalt-base &<l
R

StelliteE leading edge®ll brazingst$ S A5 HA ol thst Ao 7M ettt
BuaA . 22} Stellites AeFE ol mrbolwA WAL B7] 4€ Corl Bl
el ol AR Az F obd SdeAE g ol Kk, FYe] golatA] &
I Z7) AFE 7L w& Bk olyel ALg Foll g BFE ok 8] wiEel BE FA
17} ®o] 209t ojgd #AFS A8ty s FARgE Edol=9 A

jus)



gt AFgdS FFA717]1 gk Adst xAAH T A o] Ry ojof stn, A AHE-3HaL
e Bl AREY HAVIFVE WA g E o oF shAINE o]d #Ag A= ofF] F
2] 3k Aol wEld B Afol = Edol=e AaE ALE-FHE 12Cr steel(12Cr,
0.3Mn, 0.1C, balFe)& 71x3 A o] Tsta, g HEd Ags R xH7dst
A27F bk, Aok AWo] A EA g stEAs A e sAEF T =
of WAl E W4 =R slo] HAx2AE EE5ta, xWAE #H 12Cr steelol] gt 44 F4
AAANAE AAFoZN A7 FE et JAAAFZ S FAAI 7] 24 s

2-1 A1 4] (Specimen preparation)

1A APL 98 e ARS 928 LP B4l Eyol= A&l 12Cr steel o]tk
12Cr steel®] &4 4= 7l7ﬂlx* JA & table 1o YERSITE AlgA 9] EU]h 10
x 10 x 20 mm= ¥& 7FFS 3 & 1 mm AlLO3 powder® <Avlstsda, A|gHe] %
Hol| F2E] o] = ol5d& AAsHY] st ofAlE &AM 2087 253 AlH
= AAS T

2-2 397 33 2] (flame hardening treatment)

2= AR o] & stAAFAE Fig2dd el sgAdstA g = 7FAAd Tk~
QA okMgEl, AAVL~ LPG, ZE33) "}/\-4 g7 e 9%t 23t EE o] 83t
Fe] HE F43 7t ¥ Sol exHUelES HIS W gdste xW 5
= "EHIAOE A o7 WIIAA AIA P st As Eoked, A se 54
L 729 fE5E%(gas flow rate), 7F2=9] X(gas quality), EZE>%(set

temperature), 7}F<€ A| 7H(flame hardening time), 3t 2] ©]% % = (flame moving speed)

o} Wz (quenching method)ell whel Eepxitt, weba] 2 st 4 shdx= 919 2
2 WS (process parameter)E AT 5 A AA/A AR B A AHEH 38}
FHE oA, LPGS AbAe] E@7bAE ol &8k, sdel A4 °oF 10cm7t
HEE st 285 BY FEAdA e EXE 1AL sHolsEEE dASA 1A
sto] L3 sAASAY HEF Stk stEAste R g 11 S HA
TZ} THAEE dolr7] 93t EE2E+ 645T~1,270C7HA 6 @A =

ste] stAASA Y E HASG oY, FHREA A Ele] iR Ao o
2 " H(infrared ray pyrometer)= Ak =3 Y| oE AlY

He] EAAEE ZAREY] 98t o

AAALE Aol WAHY

=2 1=



2-3 A=A % 2 A3 (liquid impact erosion test)
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Table 1 Physical and mechanical properties of 12Cr steel

Compositi o (g/ Poisson Elastic Yield Tensile |Vickers
on (wt. %) |cn) ratio (v) |Modulus(mpa) |strength strength hardness
(MPa) (MPa) (kg/mnt)
12Cr,
0.3Mn, 0.1C, 770 0.26 217 589 765 350
bal. Fe
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Fig. 1 Eroded surface of LP last rotating steam turbine blade

Fig. 2 Photograph of Flame Hardening Apparatus
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Fig. 3 Schematic diagram of liquid jet apparatus
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Fig. 4 Hardening characteristic of 12Cr steel as a function of
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Fig. 5 Variation of Knoop micro-hardness for flame hardened 12Cr steel
at 1000C with hardened depth from specimen surface
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Fig. 6 Microstructures of cross section from flame hardened 12Cr steel at 1000C
with hardened depth : (a) hardened depth of 0.3mm, 540KHN, (b) hardened

depth of 3mm, 430KHN, (c) hardened depth of 8mm, 330KHN
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Fig. 7 X-ray normal 6 -26 diffraction patterns of 12Cr steel with flame hardening
temperature
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Fig. 8 Development of erosion damage in 12Cr steel with increasing impact number

at a velocity of 350+ 20 m/s : (a) 5, (b)30, (c) 50
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Fig. 9 Scanning electron micrograph showing the craters created
on 12Cr steel after 30 impacts at a velocity of 350£20 m/s
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Fig. 10 Hardening characteristic of 12Cr steel as a function of cooling agent



	분과별 논제 및 발표자

