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laser of film hole based on cone beam CT
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Abstract: In view of the current situation of low geometric accuracy and unstable quality of film
cooling holes at home, experiments with different process parameters of femtosecond laser were carried
out. The film cooling holes were analyzed based on the feature segmenting and point cloud fitting from
slice image through computed tomography technology. Diameter and geometric features were tested and
evaluated. The results showed that the diameter of the inlet of the film holes was slightly larger than that of
the outlet with the process parameters of ultrafast laser, where the taper was between 0.005° and 0.020° for
the testing detected by cone beam CT (computed tomography). The maximum position error was 0.072 mm.
The incident angle of the special-shaped hole was roughly between 60° and 70°. It is reliable to use cone

beam CT measurement method to detect and evaluate the geometric features of film cooling holes.
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Fig. 1 Schematic diagram of film holes on turbine blades of aero-engine
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Fig. 2 Diagram of measuring ball and measured hole
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Fig. 3 Non-destructive testing using cone beam CT
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Fig. 4 Flow chart of measurement of film hole based on industrial microfocus CT scanning
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Fig. 5 Diameter fitting of film hole
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Fig. 8 Diagram of obliquity measurement of dustpan hole
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Table1 Chemical composition of DD6 nickel-based superalloy by mass %
C Cr Ni Co w Mo Al Nb Ta Re Hf
0~0.04 38~48 HAf  85~95  7.0~9.0 1.5~25 52~62 0~12 6.0~85 1.6~24  0.05~1.5
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Fig. 9 Testing piece of DD6 nickel based single crystal superalloy film hole
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Table 2 Experiment for femtosecond laser drilling (process parameters for 1# board/2# board aperture of 1.4 mm/0.4 mm)

JnT &L
L ‘ ‘

/W S E/mm R ms P RW  HEAE/mm PP E/ms B
- Bl 1 30 0.03 1000 80

(1.4 mm 3H7L) BfL2 30 0.03 1000 80 15 0.02 500 40
B3 15 0.02 1000 80
- 1L 1 30 0.03 500 40

(0.4mmiEs) P2 30 0.03 500 40 15 0.04 200 40
F1L 3 15 0.015 500 40

3 ORIESEHIFLELL (3HR/AHEFLR 1 mm TESH)

Table 3 Experiment for femtosecond laser drilling (process parameters for 3# board/4# board aperture of 1 mm)

. JnT. Bl
T
DpR/W o AR /mm B E/ms B BEE TiR/wW A E/mm BARE/ms B B
B 1 30 0.03 1000 40 5
3t 7L 2
(1 mm &1L 30 0.03 1000 40 10
B3 30 0.03 1000 40 15
. B 1 30 0.03 1000 40 5 15 0.02 500 40 9
(mm 9L FHL2 30 0.03 1000 40 10 15 0.02 500 40 17
B3 30 0.03 1000 40 15 15 0.02 500 40 25
4 BALHILER (SHAIL 4 HATESH) 0.09 mA, JF 2RI HEFe 1L 40 mm, Gf 2 = 4R
Table 4 Experiment for femtosecond laser drilling (process {B'U%% 1 080 mm, ﬁ‘j{%ﬁ;ﬂ? 2048 1%%% x 2048 ’f%%&% o
parameters for irregular holes drilling for hole 4) 22.1 FfLPiEE
5SS 1#4 2#HR 3#MR AR X BB SREAL, R FH e/ 3k 58 i 1 1R
I o 15 10 s LA T, IR A FTALAR, 378 T
Sy R 145 145 145 145 SESL 2 EAR D, BRI 5 B0 5 T 6
FHHE/ (min) 2000 2000 2000 2000 SHESLIHEBE O, [ x) [B FL A i A7 006,
TR AL B

MR 2 PR T E S B8R 1.4, 0.4 mm il
LT, fU1 5602 SER R Ry DA ik H
it R RO AR, AL 3 B9 T 2S00 AL 1
TR SRR 2 o X R 288 A S
FUAR P EAT S AR S HERR CT 1, 15 2R T2
ZHCT AL R A&, s 11 R, 7R )
Fr B JERR b, R e SR R o FI B AR
SESLEE AT 3 8, A5 B SRALA B RN 3R
THT FY) = 45 AR bR s KA, R T 0] 3ok 86 K4l 1k A7 T4k
B, P OB FL R AL R A8 S, 58 O 1A D 24
H6 AN FEE AL CT BE Bl A = A EG . HRIE
IR AR A BT s, A3 AR AL S
EAE . A H EAR U AL A HE RE (Ll L 1~

P10 HfEsit CT JEBtR i 4 L3, 28R 9 L 1~ AL 3), IHER SR AR 5 P .
Fig. 10 Equipment of cone beam CT for non-destructive testing X5 RJUTRZE N EYEASKITILGRZ
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Fig. 11 Segmentation and point cloud fitting of circular film hole
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Table 5 Measurement results of through holes by cone beam CT

LAY T FHHEA/Mmm  AOEA/mm WO EA/mm 4 0/(C)GHE)  JURE/mm  E/%
1#HRFL 1 1.354 1.366 1.258 0.0180 —-0.046 3.286

FIEETL(¢1.4 mm)  1#HTFL 2 1.366 1376 1.265 0.0175 ~0.034 2.429
1#HAL 3 1.352 1.348 1.239 0.0182 -0.048 3.429
2L 1 0.354 0.348 0.314 0.005 7 —0.046 11.500
BIEEFL(90.4 mm)  2uffl 2 0.356 0331 0301 0.0050 ~0.044 11.000
2440 AL 3 0.351 0.344 0.296 0.008 1 ~0.049 12.250

6 WL E B JLTHFEHR CT MELER

Table 6 Measurement results of through hole axis position and geometric characteristics by cone beam CT

LAY i Sk (a,b,c) Y/mm
1#iAL 1 (0.4676,0.3234,0.8227) 0.014

B EfL(¢1.4 mm) 1#H AL 2 (0.2445,0.169 5, 0.9547) 0.021
1#HfL 3 (0.1722,0.1618,0.971 7) 0.016

24 FL 1 (0.3800,0.2827,0.8807) 0.028

538 £L (0.4 mm) 2#HFL 2 (0.2072,0.1574, 0.9656) 0.013
244 fL 3 (0.2590,0.1512,0.9540) 0.029
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Fig. 12 Diagram of the axis fitting of film hole
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Fig. 13 Blind hole segmentation results and patch display
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Table 7 Measurement results of geometric characteristics of 2ot i, LR VR~ b 1) S RSB Y

blind hole diameter by cone beam CT

LA Y PWEA/mm JUTRZE/mm E/%

A BT A 1055 Bl 600~ 70022 [8], A T % 80 B 7F
0.03~0.07 mm Z [a], i T BEFLA FRE R K,
SEGEPEOLIN TESBELA O BlE 2 ARt

3L 1 0.8720 -0.1280  12.80

A4t AL 2 0.889 6 -0.1104 11.04
At fL 3 0.894 0 -0.106 0 10.60

(1 mm) AL 1 0.8877 -0.1123 11.23 BEBR I o
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Table 8 Calculation results of geometric accuracy of

dustpan hole

' NG F/(°) A BRI BE R /mm
1#HR AL 4 69.64 0.069 6
24t AL 4 66.82 0.059 8
3#RAL 4 63.13 0.0399
4R AL 4 70.65 0.0358
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