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Evaluation of Blades Vibration Reliabilities of KGT-74 Small Gas Turbine
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ABSTRACT

To ensure a safe operation of the prototype KGT-74 kW small gas turbine, vibrational reliabilities
of the compressor 1st, 2nd, and 3rd stages and turbine blades have been estimated and reviewed. FE
analyses have been carried out to obtain the natural vibration characteristics of the blades, and
impact modal testings have been performed on every each one of the blades to measure their st
natural frequencies. Then, the Campbell diagram analyses have been carried out to judge the safety
of the blades from resonant failures up to 6k harmonics. Results show that the compressor Ist stage
blade is exposed to a potential resonant failure with 3k harmonic around a rated speed of 30,000 rpm
but that the other compressor 2nd and 3rd stages and turbine blades are safe from resonant failures.
Finally, 27,900 rpm is selected as the safe operation limit for the KGT-74 kW gas turbine relative to
the blade vibrations.
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Fig. 1 Rotor assembly of KGT-74 kW small
gas turbine

Fig. 2 Manufactured compressor 1lst, 2nd, and
3rd stage blade disks
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Fig. 3 Manufactured turbine blade disk
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(b) 2nd mode at
4,111 Hz

(a) 1lst mode at
1,136 Hz
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(d) 4th mode at
9,323 Hz

(c) 3rd mode at
4900 Hz

Fig. 4 Mode shapes of the compressor 1st stage
blade
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Table 1 Natural frequencies of the compressor 1st
stage blade obtained by FE analysis
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Table 3 Natural frequencies of the compressor 3rd
stage blade obtained by FE analysis

1 1,136 1,461 1 2,366 2,614
2 4111 4,235 2 6,738 6,308
3 4,900 5231 3 10,928 11,160
4 9,323 9,436 4 17,431 17515
5 10,865 11,038 5 19,657 19,737

Table 2 Natural frequencies of the compressor 2nd
stage blade obtained by FE analysis

Table 4 Natural frequencies of the turbine

blade obtained by FE analysis

5,835

6,489

1 1,723 2,019 1

2 5543 5,624 2 10.402 9,202
3 1,176 8,085 3 15,243 13,591
4 13,509 13,609 4 17,166 15,141
5 15,461 15,556 5 21,315 18,761
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Fig. 5 Mode shapes of the turbine blade
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Table 5 Measured 1st natural frequencies of the
compressor and turbine rotor blades

1
2 1681 2325 6528
3 1269 1695 2351 6366
4 1269 1702 2286 6106
5 1272 16% B15 6674
6 1282 1625 2286 6434
7 1245 1605 2245 6448
8 1263 1658 2218 6576
9 1200 1503 216 6658
10 1249 1507 2245 6518
11 1249 1545 2171 6518
12 1239 1500 2081 6520
13 1235 1512 2171 6283
14 1200 1535 2237 6498
15 1216 1500 2041 6428
16 1237 1697 2357 6568
17 1229 1600 2299 6484
18 1224 1557 2365 6438
19 1209 1666 2237 6218
20 1244 1703 2298 6366
21 1213 1775 2384 6230
22 1232 1753 2365 6458
23 1232 1797 2384 6550
24 1252 1766 2320 6464
25 1219 1773 2266 6334
26 1263 1769 2165 6574
27 1281 1766 2186 6496
28 6234
29 65622
30 6614
31 6534
32 6370
33 6564
34 6644
35 6628
36 6794
37 6728
38 6772
2 6640
40 6650
41 6774
42 6742
43 6692
= = = A=
Scatter |_ 82 Hz | 207Hz | 343Hz | 638 Hz
68 % 198% | 168% | 113%

Natural Freq. (H2)
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Fig. 8 Campbell diagram of the compressor 1st

stage blades considering their measured

1st natural frequencies
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Fig. 9 Campbell diagram of the compressor 2nd
stage blades considering their measured
1st natural frequencies
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Fig. 10 Campbell diagram of the compressor 3rd
stage blades considering their measured
1st natural frequencies
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