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Fig.5 Pictures of shaped structure made by different scanning speed and laser power on thermal barrier coatings
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Fig.6 SEM pictures of holes made by ps laser with different pulse energy in thermal barrier coatings in case of 50 mm/s scanning speed
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Fig.9 Pictures of shaped hole made by ps laser in single crystal super alloy with thermal barrier coatings
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Fig.13 Designing drawing and picture of specimens for high cycle tensile fatigue test
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Table 3 Result of high cycle tensile fatigue test of flat specimens at high temperature condition

W57 FFA/10° K
jry =3 W 11/ MPa
1# 24t 3# ¥(H
Tl 450 >10 >10 >10 >10
450 7.305 7.793 6.945 7.407
AHEFL 500 3.495 2.393 4.041 3.31
550 0.715 0.553 0.706 0.685
450 8.314 9.893 >10 9.103
L SIED 500 4.503 4.009 431 4274
550 1.053 0.822 0.879 0.918
120+0.1
5t 1
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. |
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Fig.14 Diagram of specimens for high cycle vibration fatigue test
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Table 4
of high cycle vibration fatigue test

= ElR B 5 AR BR e i B B R

Experimental data of strength limit

e 1% P58 2 /MPa
Hl H2 H3
1 270.1 301.5 330.0
2 256.6 286.4 313.5
3 243.1 271.3 297.0
4 229.6 256.2 3135
5 243.1 2713 297.0
6 256.6 286.4 280.5
7 243.1 301.5 264.0
8 256.6 286.4 280.5
9 270.1 271.3 297.0
10 256.6 286.4 280.5
11 243.1 271.3 264.0
12 256.6 286.4 280.5
13 243.1 301.5 297.0
14 256.6 286.4 3135
15 270.1 2713 297.0
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Table S Counting number of test at various
levels of stress

20 51 N F1/MPa WAL
0,=270.1 2
0,=256.6 6
HI
0,=243.1 5
0,=229.6 1
0,=301.5 2
0,=286.4 6
H2
0,=271.3 5
0,=256.2 1
0,=313.5 3
7,=297.0 5
H3
0,,=280.5 4
0,,=264.0 2

Fo6 3HENHETRETHEHLER
Table 6 Calculated value of fatigue strength
of 3 groups of testing specimens

51 $%55 5k BE/MPa
Hl 251.8
H2 281.04
H3 291.11
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Pictures of turbine blades with different shaped cooling holes made by ps laser
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Fig.19 Comparison of measurement point’s temperature between the turbine blade with

round holes only and the turbine blade including forward leaning fan-shaped holes
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Table 7 Cooling effect of the turbine blade with round holes only and the turbine blade
including forward leaning fan-shaped holes
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AU T E L R 0.582
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2 X i 22 AHXT O 2E /%

0.053 9.100
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Fig.20 Comparison of measurement point’s temperature between the turbine blade with

round holes only and the turbine blade including swallowtail shaped holes
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Picosecond Laser Processing of Shaped Cooling Holes in Turbine Blades

ZHANG Xiaobing', MAO Zhong', LI Yuancheng', LIU Song’, LU Xuping’, WANG Siyi’,

JIANG Ruisong’, BI Shuai’

(1. AVIC Manufacturing Technology Institute, Beijing 100024, China;
2. AECC Sichuan Gas Turbine Research Institute, Chengdu 610500, China;
3. Sichuan University, Chengdu 610065, China)

[ABSTRACT]

Making shaped film holes in hot section’s components of aero-turbine can improve cooling efficiency

remarkably. The paper briefly describes the technical way of making shaped hole by 2—3 ps laser and presents high quality
shaped holes made by this way after optimizing processing technical parameters in single crystal super alloy with thermal
barrier coatings. Based on optimized ps laser making hole technology, flat specimens in which round holes or forward
leaning fan-shaped holes have been made were used to do high cycle tensile fatigue test and high cycle vibration fatigue test
at high temperature condition; turbine blades in which only round holes have been made and turbine blades also including
forward leaning fan-shaped holes or swallowtail shaped holes were used to do cooling effect test. The results show that the
fatigue strength of flat specimens with shaped holes is better and the cooling effect of turbine blades with shaped holes is
also better, the cooling efficiency of turbine blade with forward leaning fan-shaped holes is higher than that of turbine blade
with swallowtail shaped holes.

Keywords: Picosecond laser; Shaped cooling hole; Turbine blade; Aero-engine; Thermal barrier coating
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