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Fig.2 Schematic image of primary and

secondary crystal orientation deviation angles""

Fig.3 Clamping of vibration frequency
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o | iR oMz | pI(°) | /() | HEh/g
1 412 23 76.0 2432
2 406 2.7 23.1 247.8
3 408 2.8 16.7 246
4 416 3.0 62.7 249
5 409 3.1 242 249.4
6 408 3.1 355 243.7
7 410 32 4.9 246.8
8 416 3.4 80.1 242.8
9 402 3.8 15.0 249.1
10 417 3.8 36.1 243.1
11 405 4.0 65.6 247.5
12 413 4.0 12.7 246.8
13 414 4.1 86.8 245.7
14 410 4.2 66.3 249
15 404 43 24 248.4
16 411 4.7 86.8 243.1
17 409 4.7 46.9 248.4
18 404 4.8 20.8 245.6
19 410 4.8 84.3 247.6
20 408 4.9 41.0 249.1
21 408 49 82.8 247
22 413 5.0 223 247.5
23 408 5.0 57.6 242.8
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Table 2 Vibration frequency of blade type A

o | iR oMz | p1(°) | /() | HEhg
24 406 5.1 73.9 249.5
25 409 5.1 283 248.2
26 412 5.1 2.8 243
27 411 5.1 70.7 2443
28 407 53 58.4 247.1
29 407 5.4 61.0 244.7
30 410 5.4 44.1 248.6
31 411 5.6 20.9 242.5
32 411 5.6 71.5 246.9
33 414 5.7 50.0 247.9
34 410 6.1 71.8 242
35 405 6.1 13.1 246
36 404 6.1 58.6 244.5
37 407 6.2 36.1 247.2
38 409 6.4 335 2473
39 413 6.4 18.7 245.8
40 408 6.6 6.6 245.5
41 412 6.9 43.5 244.6
42 412 7.2 433 242.1
43 410 7.4 20.0 2473
44 414 7.8 44.1 247.7
45 418 8.2 68.2 246.2
46 421 8.3 53.9 245.4
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o | iR oMz | p1(°) | a/(°) | HEhg
47 405 8.5 55.6 247.4
48 410 8.7 12.7 245.1
49 411 9.0 2.5 245.7
50 411 9.2 3.1 246.3
51 419 9.6 84.1 246.3
52 424 9.8 36.0 243.9
53 411 10.1 78.3 247.5
54 421 10.2 12.0 244.6
55 413 10.2 12.9 243.5
56 423 10.5 50.0 246.6
57 419 10.5 50.4 2443
58 414 10.7 51.2 242.2
59 425 10.9 483 245.8
60 418 11.1 23.1 242.2
61 416 11.2 5.0 244.8
62 424 11.3 33.0 248
63 429 11.8 14.0 245.7
64 411 12.1 12.6 247.7
65 426 12.7 88.8 243.5
66 419 12.8 82.8 248.6
67 414 12.8 51.9 242.6
68 426 13.8 27.4 248.2

3 413 6.9 423 245.9
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5 | iR oMz | pI(°) | /() | HEhb/g
1 406.0 0.9 69.5 2413
2 403.0 1.3 24 239.3
3 403.0 1.7 61.8 241.9
4 404.0 1.8 80.5 242.2
5 402.0 1.9 66.2 240.8
6 400.0 2.1 63.9 241
7 407.0 22 19.2 241.1
8 402.0 2.4 322 240.6
9 405.0 2.8 44.1 242.9
10 409.0 3.5 18.1 238.1
11 405.0 4 30 238.9
12 398.0 42 89.3 238.7
13 401.0 4.4 30.4 240.2
14 404.0 44 46.3 241.7
15 400.0 44 22 242.2
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Table 3 Vibration frequency of blade type B

75 SR oMz B/(°) | a/(°) | HEi/g
16 402.0 4.8 36.2 242.5
17 403.0 4.9 82.8 242.8
18 402.0 5 34 240.7
19 406.0 5 13.1 237
20 405.0 5.3 69.8 241.9
21 404.0 54 70.1 239.6
22 410.0 5.5 48.8 238.2
23 406.0 5.6 69.9 240.5
24 405.0 5.8 35.1 242.1
25 403.0 5.8 47.5 241.9
26 405.0 5.9 19.2 242.8
27 406.0 6 27.9 241.1
28 405.0 6.2 46.9 239.8
29 403.0 6.5 32.1 239.9
30 407.0 6.7 36.9 239.1

75 W oMz p/(°) | a/(°) | HiE/g
31 408.0 6.8 643 | 239.1
32 407.0 6.9 1.1 236.7
33 415.0 7.8 362 | 2432
34 403.0 7.9 87.7 | 2419
35 409.0 8 2.1 237.7
36 414.0 8.1 48.1 2433
37 407.0 8.2 89.4 | 2349
38 415.0 8.9 60.7 | 2395
39 402.0 8.9 79.6 240
40 404.0 8.9 232 | 2412
41 408.0 10 207 | 2419
42 415.0 109 | 679 | 2388
43 409.0 122 | 747 242
44 422.0 12.4 1.3 242.5

- 405.9 5.7 46 240.5
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Table 4 Vibration frequency of blade type A&B correlated with primary orientation /3,

secondary orientation « and weight
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Fig.4 Relationship between vibration frequency @ and primary orientation deviation angle f of blade type A and B
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Experimental Investigation on Vibration Frequency of DDS Superalloy Single

Crystal Blades

SUN Hongyuan"’, MA Dexin"?, GONG Xiaoyi’, ZHAO Yunxing"’,

YUAN Yingying’, WEI Bing’

(1. Powder Metallurgy Research Institute, Central South University, Changsha 410083, China;
2. Wedge Central South Research Institute Co., Ltd., Shenzhen 518045, China)

[ABSTRACT]

In the present work, two types of single crystal (SC) blades using second generation superalloys DD5

were directionally solidified under industrial conditions. As one of the important material properties, the vibration frequency

of the blades were measured and analyzed. It was found that clearly higher vibration frequency was exhibited in the blades

with larger primary orientation deviation. In comparison, it was little affected by secondary orientation deviation. Another

important factor influencing the vibration frequency is the airfoil constitution, instead of the total weight of a blade. In order

to strictly control the blade vibration frequency, the airfoil constitution should be further optimized in the design, and the

deviation of the primary crystal orientation of the blades should be minimized during the casting process.

Keywords: Superalloy; DD5; Single crystal blade; Vibration frequency; Crystal orientation
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