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Supersonic Flutter of Small Sounding Rocket Fins

By

Michihiro NATORI and Megumi SUNAKAWA

Abstract: The aerodynamic heating has significant influences on the flutter char-
acteristics of fins of sounding rockets in a high supersonic range. In the present
report, some calculations of flutter of plate fins are presented. Increases in tem-
perature of fins are estimated by a heat transfer calculation according to mission
profiles of rockets. Considering the reduction in Young’s modulus of materials
and stiffness of fins due to these increases in temperature, the flutter dynamic
pressure is calculated by the direct method of variational approach. It is shown
that the flutter dynamic pressure is decreased markedly when the effect of aero-
dynamic heating is taken into account, and the flutter margin of fins of sounding
rockets is clarified concretely.
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4 25 11.5 88 | 8 0.500 16 | 1,226  0.013

6| 60 11.1 88 | 8 0.574 67 | 1,204  0.055

Lo | 8134 10.5 89 | 8 0.616 164 | 1,178  0.139

10 | 224 10.0 9.1 | 8 0.706 255 | 1,133  0.225

12 | 284 9.6 9.2 | 8 0.710 328 | 1,113  0.294

14 | 313 9.4 9.2 | 8 0.800 325 | 1,084  0.300

4 26 11.5 88 | 8 0.429 21 960  0.022

6| 67 11.0 88 | 8 0.524 82 937  0.088

W a5 | B 152 10.4 89 | 8 0.457 230 943 0.244
10 | 254 9.8 9.1 | 8 0.615 325 885  0.367

12 | 321 9.4 9.3 | 8 0.736 360 846  0.426

14 | 353 9.1 9.3 | 8 0.941 340 798 0.426

4| 28 11.4 88 | 8 0.494 22 694  0.031

6 176 10.9 88 | 8 0.554 92 684  0.135

a0 | 8178 10.3 89 | 8 0.606 221 664  0.333
10 | 291 9.6 9.2 | 8 0.787 305 617  0.494

12 | 364 9.0 9.3 | 8 0.870 353 596  0.592

14 | 398 8.7 9.4 | 8 0.969 353 576 0.613

10 | 54 11.1 88 | 8 0.649 58 820  0.070

14 | 99 10.7 88 | 8 0.659 112 820  0.136

B | 675 18 |148 10.4 89 | 8 0.719 160 808  0.198
22 | 194 10.1 9.0 | 8 0.713 216 799 0.270

26 | 227 9.9 9.1 | 8 0.699 262 791 0.331

Bm =0.552 (¥ A), 0605 (51 B)

This document is provided by JAXA.



1977 %3 H BHRr v P EBREERFEEES 181
B3R RBFHERUTT 5 v 2464,
BHMEBDEELER LT VES
— ho t f QF fF
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mm s Hz kg /cm? Hz
4 26.2 252
6 33.4 245
8 42.4 242

4.0 112 295 638
10 45.17 240
12 44.1 240
14 43.0 240
4 16.8 220
6 23.3 215
8 29.4 215

A 3.5 98.3 258 559
10 32.4 211
12 31.6 211
14 30.5 211
10.4 188
14.8 184
19.1 182

3.0 84.2 221 479
10 21.5 181
12 20.8 181
14 20.1 182
6 10.7 85.6
10 14.3 83.9

B 6.75

14 17.8 83.3

44.5 102 258
18 21.3 82.7
22 25.0 82.2
26 27.7 81.8
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e ho t S Qr fF
mm s Hz kg /cm? H,
4 112 295 638 26.2 252
6 110 289 626 32.0 239
8 107 281 609 38.1 229
40 10 104 274 593 39.8 223
12 102 266 582 36.6 219
14 101 266 576 35.2 217
4 98.0 257 557
6 95.9 252 545
8 93.2 245 530
A 3.5
10 90.4 237 514
12 88.5 232 503
14 87.3 229 496
4 83.8 220 476
6 81.9 215 465
3.0 8 79.4 208 451
10 76.6 201 436
12 74.4 195 423
14 73.2 192 416
10 438 100 254 13.7 82.3
14 43.0 98.4 249 16.5 80.3
B 6.75 18 42.4 97.0 246 19.3 78.8
22 41.7 95.6 242 21.9 76.8
26 41.4 94.8 240 23.9 76.1
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e ho t f QrF SF
mm s Hz kg /cm? Hz
4 112 294 638 25.3 250
6 110 283 622 29.1 233
8 106 267 603 30.2 215
40 10 101 250 584 27.8 200
12 97.8 238 571 22.7 189
14 96.1 236 565 21.5 187
4 97.7 255 556 15.9 216
6 94.8 243 542 18.7 200
8 89.4 221 519 17.2 177
A 3.5
10 83.9 202 499 14.7 156
12 80.5 192 488 12.1 152
14 79.5 191 484 11.8 151
4 83.3 218 475 9.60 184
6 80.1 204 460 10.96 167
20 8 74.4 180 439 9.55 144
10 67.9 160 420 7.45 126
12 62.6 146 405 5.51 114
14 60.7 142 400 4.96 111
10 43.5 97.5 251 11.6 79.2
14 42.4 93.2 244 12.2 74.8
B 6.75 18 41.5 89.6 239 12.7 71.2
22 40.4 85.3 232 12.7 67.5
26 39.5 82.0 227 12.3 64.6
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