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A study on the interface toughness of FGM layers by indentation test
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AFEE FA R MuEAR Y, HAZTY AW EEFAM 714 93 HIE 9 A AHLH
3 4", 28y TBC(Thermal Barrier Coating)= 4lete] Z" 23 34 29 49343 A4 2 &
AT AolZ Qla 127 A2 /tEF BN dgHow A% FIALA L Y u g
37t dojdrh. AFe B EALL AR AR AZE EAE of/|A7 1, F&/4 e B
TEE X7l GAAF $ ok

e 2 d7dAe JEE AUy HAEARL gotetn, 71AF EAXNE AR A8 g
UAAE S T3 Z2HE AAATIE AT S ARAR & olFAE AWAAY AHZS Fn
o g AFgE EAs A

2. N¥gH

2 d7AA AHRE AEHE 128 TRAEE AHEEE YAyl 233 (Ni-based superalloy)
Inconel HXS 71A(3 mm)E stz FE4A3} X273 oHPSZ; partially stabilized zirconia) 2%-&
Aty gd Z€Foz 3dd. B3 g dd ZESE Alolel BAX xolE Zolr] ¥
NiCrAlYS bond coatZ AM&3t{th 71A99 ¢ zZ®3L Zw&AY(detonation gun spraying
methods)& AH&3t] A3 AZAT AJHES F AEHFE, A WAL Duplex A/HS 2 NiCrAlY bond
coatZo]l o 80-100 #m, PSZ IZ®Zo] ¢ 100 pm AEZ AZHYL. F AR AHE NiCrAlY
bond coatZ( ¢ 50 pgm)¥el PSZ #-&eo] ztz} 227, 30.6, 469, 63.8, 72.6, 77.9 vol%e B¥ =z &g
FZY5E AH 2 9F 90-110 zm AEH 23 top coatZA PSZ ZHZEE 9F 100-150 um AE H=
gl Az Al WA AlEE T oA AHg 598 BHez AFsYoy PSZ ZHEL A9
¢ EE ZEFY FAE T dd Ao

3. 4393y
31 A=AE

2 7oA AHEE AErVlE 35S 100g oA 1000g 4R 71 £ JE wlolaR HAA AE
Ald7lela, FE AlgAdae ASTM E 103-84, KS L 1603, KS B 5538 ¢ Alg Axlo] wel 485
AR ol g A 3 Bx AP A7) AHe fistd FAYFOZ ARTAY =G0
M, 2t 9329 Ax FFRE T A6 NERezRE 24 59 AYA 500g9] dEo 5
5 WhEae] ARSI

32 AW gAY A E

AdoA 2AE BYA T FAA7] Y5t 4ALA7 ZRFAR FR A AL 2 3
Rem Fig 1.7 #Zo| diamond cone BN Vicker,s ¢4AE ZALAAT} olh =d Bx2(a)e
image analyzer& At&3to]l FAaQom, ztzte WS AWM F&aFH 2ol 54 o
FE Tate I e AT A71A 7R sFP)H 2 WA ol(a) Atele] BAE bilogarithmic
coordinates(log(F)tl log(a))& ©l&3tH FoA 71A% ZHe| st Moz eldr) o|RAL o
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2@ Zol(a)e AW indent diagonald] Hure ¥ aatm
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7l ZE3A gL w adZol(a): wx AW T a

indent diagonal®] Zykolt} ui# LtH, A o] LAY —

$7 @t oe fzoz +98 AW dEAgozy

Bl B diagonal® AASE AL 7158, ojne  Fig 1. Principle of the interface

. o . indentation test

bilogarithmic coordinates® WElWH ZB7] AEAM

(apparent hardness line)o]#til ¥ 2= A W& F& 4 QUth oo A o] AP Ao AMz 2R
7] Aol matsteE AL A¥o] YAHR G A, F IAH(P a2 B & £ U =
g o] A2 AN 2EY FAEALS YedE 7IEo2H 1ot

4. A¥A3
41 BAE=ANE 23

vlo]A 2 HAL BE AFVIE FAHS AAIHe ZEZY
(b= &3=¥ &(FGM; Functionally graded materials)& # =3t
7148 HeR FE& 250-260 MHV 052 dAstdoy AAREZAAE ke xjolE Holx
ot 283 719 bond coatZF oA e AL scatter7b AL ¥hd FGMZ3 AlggdSUddes 2 735
scatter& Eolil Ut} oA IFWZFT AHJIA LA 7IFd 710g Aol FGM27F FGMIel H] &)
& Ak AL AlA ARA] FAF7 98 FGM ZF 2”& Ao B9 2xo Z712 <3ty
o B& 71Fol FAHUY] dEolth =3 71 A% bond coatFt ARAA Y HAEE o] xd F9o F

EgEe Ao "Hdge BoluIdoh

X & Fig 2.9 JYgdgdc}. (a)9h
AlHolx, (c)= Duplex /\]ﬁ%]t}
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Fig 2. Hardness distribution

42 AR dAFEANE 2

Fig 3.2 FGM1 AlH 9 AWANA Fdd dAYY Aoz F24d Addo|9} AAAE I3t
= half diagonalZ R HEH. Fig 4= dAsts3 dAAdE TF38l7] HHstd Fig 3.8 bilogarithmic
coordinatesZ ¥W#3 @ Zojty AYF A XM(cracking straight line)® ZH7] 7 %A (apparent
hardness line)ol wztata, o] WAH L AWM Zd Al Aotk F HAHo] YASE( P
3 dAZY(ap)oldt o)F AAE FPgoz2N FGM19 3-$ 1539N(logl.19A A A o] 7)
Alge & 5 Ut olet TUS Az TR FGM29 NFGMe Alg A7+ Table 191 YeERA ]
t}.
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Fig 3. Experimental datas of indentation Fig 4. Relation between experimental datas
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240 ourgls 98 muo 7)sstAe Fig 4. Geometrical schematization of an indent
. at the surface
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o] #A = o]¥A substrate®} F¥ o] F®-substrate A28 HAZHA AT T3
oxl= 7HE HAFEH. & dFdAMe G)Ad g ZAHAH (E/H)ES BAAA Ke
& AAE g #AAE o} gyt

_ _P. [ EN'?
Kew = 0.015 35 ( H); 6)

Zt Algel tiate] A6)2 Add 2RV A A FL Table 1o UEH

FGM 1 FGM 2 NFGM

Po (N) 15.39 17.61 19.82

ac (um) 39.033 41.087 47.013
Hs (MPa) 344.39 381.43 319.07
Hc (MPa) 611.79 611.05 589.54
Es (GPa) 150.4 150.4 150.4
Ec (GPa) 121.4 121.4 121.4
(E/H)" 17.98 17.31 18.59
Kat (MPa m') 17.02 17.36 17.15

Table 1. Results of apparent interface toughness calculation

A7 Zd MAAIE AASFES NFGM, FGM2, FGM1 €02 A3 ZAAd 3k A3
& YeglE 2R Ad JALS FGM2, NFGM, FGM1 £ 2 et
L ]

AAE 2xr] AW A4 gox =YY FAAS Adsdn. AT PCE A% =
9 dols) AFE HIAATE As4e H¥R, ATAS UYelE JvEA nAHAT. F, o
Astz PCE 1AMz AR

AW7 8L 54 Aeq. 24 dAGdFS A S¢H )
Ao AAHAAHG. HAZ Table 104 RAX X

| Ad Q4L FGM27F o] 324, o] AL FGM27} NFGM

B Az Zdo] G|t 2] AALEEE o dohe AL ov|gid.
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