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[ABSTRACT] In order to meet the long-life and high-reliability requirements of modern gas turbine engines, the
development trend of high-performance turbine blades is presented as integrated designing and manufacturing of film
cooling structure and thermal barrier coating for thermal protection. However, the gas film structure and its cooling
efficiency could be affected by the microstructure defects produced in the process of film holes preparation and the
dimensional deviations caused by the coating. The progress of coating first will also cause local sintering or even cracking
of the coating, with femtosecond laser drilling afterwards. During blade service, due to the temperature gradient and edge
effects, the stress concentration of coating on the edge is more easily occurred, leading to the initiation and expansion of
cracks, which becomes the weakness of failure. At present, traditional measurement methods, including the plug gauge
method, flow method, and microprobe method, cannot effectively evaluate the geometric parameters, shape characteristics
and processing defects of the film holes. Among the various non-destructive testing methods applied to evaluate the quality
of blades and coatings, active infrared thermography is qualified of the advantages of high-speed, versatility and effective

quality control. In this paper, a high-efficiency and high-precision parameters measurement and defect evaluation methods
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for alloy and coatings around the holes are reviewed in conjunction with traditional non-destructive testing methods and the

development of common air-cooling structures and their preparation processes are discussed. The research progress of the

application of active infrared thermal imaging technology in the evaluation of film cooling holes is enumerated in detail. At

the same time, the article summarizes the deficiency and the development orientation of the current technology, which is of

great significance for improving the processing quality control level of the gas cooling structures and film holes.
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Table 1 Comparison of the application scope and testing characteristics of common nondestructive methods

Kol AL S
et PR . B RS
S e 57 A SRR PP
HEOH REIFH, AT SRR AR bR
KA | SRR KA. | 4R, EeEA
it BEEAE R . T L akR
soppmfy | OMABLE. FODRIRE, SRS B

IRIRIEIE . ZEBHBLR,

TR VR JZ TCFAG I (14 R FH 3 R RAH 56 BRI AT R AT
5%, Yang &5 U gh S e SRR b SRR AN TR
CMAS J& 1l T #R R )2 19 9o R0 R 1A T S s W 0, 3
T BT SIS BT R N S A A Ly R
KRB, RS TR B0 R 575 RS E SRR,
Park 45 7 X BRI 97 F BRI EUG I T T, 25 %
FEW, 75 R A IR B AR AR T R s
NS5, Renusch 25 M JLF 75 & B A, XA 5
BFmER (APS ) # vk JZHE PR A A ad RE A 7 W I -
ST T 3B AR R N 2 AR e A T E S IR
H T AR 515 B SR A B s A B RIS 30T
YIRS M T o3, B TR P E— e .
(2)EBOCTRER AR S WL AL 12 ik
Je 7= P2 GRS B TS AR R AR i A b
FRFN N JI{E ., Wen &5 M) RZh T HIFFR i FE b om
AL SR 2B (5 BRI DG 2R, W 2] () X %
DT SR 005 RS A 0L 1 st , B0 4R B BE RG34 S kvt
KA (TGO ) AT [ AR AR (b R 3P 244 U
TEZHAHTHRZ G AR . Wang %5 B it
SE W BRI i TBCs sk A 1, #a 7R T 2 i il
RN R I AR R R R BAT I . BT TR
FEAAAUURL (EB-PVD ) AR IR 2 HoA HfR i i 4544
e RS BRI 0, ARG 5 B, R Y
£EH7E EB-PVD TBCs" ™ [ e 5 1T , Limal™ A7l
Yang"™* 4530 2 0 A0 2 B0l Ty 1 SR i, SEEE TR
SEEB TR (APS URJZ B FA TR AR 1 1) TCHR
R AR SZ O K it B RS AR () 5 M e, 0 v i 2
(3) Ribhkz& B oG H AR . AR A 5K
%% (THz ) Bk /e G S5 B3G5 56 RE , R 345 ik
A PR R RAR (5 B, 2R 5 B RE AR BT B %
W 2R 85, B G SR IO 8 e AR

st FE
AT . A R
BARPREE s ATRRIMIERSE 2
gt phs KoM R 51T

e RABER . Tl PRI RGBS
BRAEMESE ., mRL s 5 AR ek ]

fRMELLR; Dt W EERIBONE; 4F | BENSHAIA ST ST

XIRHEUES, 2 W T
T MEART 5 55 AT

MU AR ARSI ARIR ST HERAR
KRR B, AU | SMBRZAERE THR,
TBUK . AR HITRIE AR R
P BRI B e R JEE JICAR A DI AL, T ARG 4585

BAT ME N TS . Fukuchi®™ #1 Krimi® 23+ £
AR BE(300~600 pm ) [FE &, UEB T8 AR H T
R 2O R0 JEE ) A A5, I A X R A A HE T
/N T AR R AR X R 22 . Chen™ I Watanabe™
ZEXT TGO J2 i ' J2 R 4 g S v e e 1 v A i Atk A 7
W 38 PR S B T4 TBCs P& 2 B SR Ao
FLPERE , UE A T AR 2 IS 3 B AR F I 2 S Hope 2
FEY OIS #4 B TP A A i e AR TR 2 2R 8K
T RARNME . BINZE AR TR BB, A S
TIRIRE 502 AR RS RN o BRI A [P, A% T
K25 AE FHA TCHGUARS I SR AR i B 2y, AR RaZ H AR A
e S R J2 A8 e SRS A e KA Rl H

(4) LM B A o ZFARSE —FP I T B ST
& S B TCA KL 7 3%, AR BT oAb 1% G TE PR I 7 ik
FATDUNRER: 3G ), A2 AR AR A BRI 5
AR, PRI AU s Teis Y EH RS a5
THAE, 456 UG AL PRER AT SE B A I AIPTEAL . AR
AR Y B S TN 3 R A I S R R B RS B R A R N
Plifg . i sh LSPGO B B B B LL AR ST
AL G5 LIARIS A s = 3= Car ARG ) 2 i
Jite i Nl ) Ty Al A 2 R T i AR AR HR
PARACR IR S5 B 28 7, IR S i 7 =X
IR AT 6 BB s AR kb HRsig 8 ah
LTAMAISAZR AL AMRUR DK A SR R 2%
PN A NSRS TN L R R £ AN BR A

AR, Rt 2 2 o A B R IR AR
2o S TIRRIREE R S it i SR )= R 1 i
RIS o AR 0 i 1 = 24T FRIT AW 7 EAR Uk
HOMPRLT AN TEAA S FR , 43 H 1 SZ M A 52 B0 1) 2
B i ) H R AR AL A . AR AR Y
N B DX S B A IR R A T R A

20224E 5565 551310 - G EER 97



2
mﬁtﬁl RESEARCH

TR AR R R R, I T RUE D E
AL 25 AU T A 2D AR R B AR T e A %
ST RSO BRI AT A . ARELAE Y BT A i
B 5 T BSR4 = 1 AT BROT AT 2%
RN E , i b X P81 164 7 2 P 1] ) FL I P A 2]
NIRRT BE e B X R Fi Sl B S M R SRR T
AR TS SO T A T, T A 1
T2 A B EL TR U PR R, AT TR AR 4R
25 i JE R A D A S XA AR i, RS S ALY
SRUEIE AL TR R e A R BEAS A1, 3
A S TE I AT B A e . P 1 S Gty
PNTREE R AR v SDRILER AN Oy S s T XE
SRR AL BRI F e AT 5 5, Bl R B A Rk
XA 2 R e B S FREA T 1A AL

3 BT EHNLIM A GR AR TSN

31 EXREE

2T MR S A ) A R AR A o AR BT A O BEUR
25 % SE R, IR AR PR S R B I (IR ) AN
[F) A SR 5 4, Al A BP0 X6 Rz o B ) 2R TR
FE LT AN S i B Sk, T DA o oA P R S5 S i i
FE R I RN BT E A o UL B LT ARG TE R I R 4
— 8 B ki AR L ZT A AR AR EMR S i R4
o FEFURNIE IR A B Rl A SR TR
Ko IAE SHE A AR A ad BRI LUK 22 0 th R (A g TE X
[ TNl W i € S O WS | E A B e = R B S
JEHANPE 4 FER
3.2 HAEBEEESHM RN ARERIERNIE

S R B v 2 R DX R DX 2R T I 25 R
TLLAMMGA I B/ N PR, 3 3 R TR PR 22 0C
L YRR LA TR I s o B
V5l 77 XA S PRI Al | R T Al BE IR
Jil V2 IR A2 PR FRE PR R A, AL AT R
G CIER G ASS AT IR 3 R

Incentive
source

MOETAER SR (anas B ] P EOEHR ) B BN E
A [ AR o e T L, 28 1A PR I e 3 3 1 X 3
TV 8 e 88 el R ] 10 e A B e ), R BUR R iR
FEIRY , % AR S A A 2 e T B R ) 8 i i
AR MR BN EBAAAEERIE , T AN ) P S AL
T R I BRSO R, A R ] A B 2 Sl
LS5 B SA A 1 4 3l 7 o A 1) A J0 ) S 3 T A
8 S BE T BCR 25 S PRI A VAR ¥ A S ey B
B SER A RIE T A2 1 b IR S 5 B AN ]

5 _FaRih Y A ST TA] 8 A B A
(FRBNPRUG ) FAR T AL R TR 30 26 4 453047 A=
PR 32 D R AL 4 - RS 2 S0 fh B T A 7 I AR
AW fl RS RN 43, LA R AL T () JEE R R e A
PRSI 10 3 Y X IR T 7, Renshaw 25 Y B4R 5h
TIN5 5 a6 W9 55 MO T HAss IR SE T R
MIAETE i Re T 1 R Bl RGOS W] o 42 P 3 A
LS Ca) i ah i my 4 @ BRE R 1w, 1K1 5 (b) ik
JihZ R 5 210, B 27 AR BAPE AR Y H AT B 6 3 SN
YRS () B TCRE, KRB O 5fk. 1oh, &
TR IGESE ) BT 1 S SR PN S SO, TA R 5 Z R
Bl o e S L A v BE R S b R BRI 8l
P
3.3 KERARREHA

F LTI BUR B AE FH T 4R 2 1 M3 3R 1
SRBARTIN , FER 7 2 RE R B O P T AT —
P U, i R AR EANE 35 T AR K-+ 18 oY
T2 w5 T FE SR SR T A I AR S8 1 %
PRAIRFE R SIHLIRFE I PR IR 2 A SE A W, I Ny
TAELLPFAGAEAY; SE[E TWI A F) B W) 246 52 PR AU b
WAL, HAET, EFLsMFB et i B EEm s &
BAETTIRZFIT R BT 225 UK GBS ZER
AL RS SR 2 SRS A5 T

(1) %2 B B RS A, g 7Y &5 A 3
O3 A3 AT IR RN R 28 ) 2% BRAE, B UE LT AN AR BOR H T

Flash (light pulse), ultrasound,
alternating hot and cold water, steam,
electromagnetic, THz

/ Test object
Clrtiaillss Temperature-field

\ change
Thermal camera

Graphic

= -]~

Data

gathering

processing
Defect assessment

Computer

B4 OB RERER "

Fig.4 Flow chart of infrared thermal imaging system

98 Ais G HA - 20224 65 % B 1314

[65]



‘—‘? » »
RESEARCH Eltﬁl‘tex

) |
)
¢ 25| 8
4o
1
L

(b) ZUH

}I:l_t

5 IRSBIEHRUELEL

Fig.5 Changes of crack surface before and after vibration
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