2025 455 11 S5 i R B 8 RSSO No.12025
L2 407 MISSILES AND SPACE VEHICLES Sum No.407
XERHRS: 2097-1974(2025)01-0051-06 DOI: 10.7654/.issn.2097-1974.20250107

[El 14 % shill AR RN 38 R FF 3 AR S I0UE

BEA, 2 K, B B
(P ZRARENTMHZ BB T, 9%, 710025)

WE . ZAFRERBREARAANEHHRERIEN T TR —, AR RBEFRBHEEEAAEKRSD S L, RiERFHHK
HRG RS, BRLERIAEALG R L, REKRLHIIR RIS L 20928 B4R, 43 EA 5 BAR RS E Rk
HNRBILERBFFT X, RE—MAT B ZROEDRBRBRAT K, 22 ERAAIN oA TR L6945 ABAE, AT
Bl Hefs] 7 389 k77 KT, M BAITRS ;AT A0SR 247, /£ 90 kKN Lk & L7 & etk ey rshiX e m X, Kb
REW, A#HTZRKMILAY 26609 BHRAHMRZFN RN, WP ZAHKAOINARKEHF TN, EHAEASHERLALA—
B, RAXFHRMNT EI BRI KRR R LA — 25 F ML,

KR BRI Rk, TERAHT X BESN; WhE ST

FESES : V435.6 CRAFRIRED : A

Optimization and Verification of Clamping Method for Vibration Testing of
Solid Rocket Engine Shell

AO Yujie, LIU Bing, ZHAI Xiao
(Xi'an Aerospace Propulsion Testing Technology Research Institute, Xi'an, 710025)

Abstract: Vibration testing is one of the key methods for verifying the structural performance of solid rocket engines. It involves
securing the test piece on the vibration table with fixtures to ensure accurate transmission of vibration loads, preventing resonance or
tailing phenomena, which are the desired outcomes of vibration testing for solid rocket engines. This research focuses on a certain
model solid rocket engine shell vibration testing fixture clamping methods and proposes a vibration testing fixture optimization
method based on a proportionality coefficient. A simulation model of the solid rocket engine shell and the fixtures is established.
Modal analysis and harmonic response analysis are carried out for the structure under different proportionality coefficients of the
clamping methods. The vibration testing of the shell is conducted on a 90 kN electromagnetic vibration table. The test results indicate
that a proportionality coefficient of 0.9 is the optimal clamping method for the vibration testing of the solid rocket engine shell with a
slenderness ratio of 2.6, which is generally consistent with the simulation analysis results. This clamping optimization method has
practical reference value for vibration testing of solid rocket engine shells.
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Fig.1 Schematic of solid engine vibration fixture connection
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Fig.3 Schematic of the maximum distance between two arc seats
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Fig.4 Finite element model
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Tab.l1 Material parameters
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Tab.2 The first 10 modal frequencies of the structure under different proportionality coefficients
Hifii:Hz
(U1
a
1 2 3 4 5 6 7 8 9 10
0.15 120.39 175.73 188.20 188.93 229.35 339.71 340.39 386.77 543.45 562.28
0.5 191.72 205.94 207.89 280.99 337.15 369.82 372.80 411.63 564.37 573.18
0.6 196.13 221.80 227.86 307.94 350.07 397.85 403.25 414.11 561.22 569.91
0.7 200.82 231.20 253.97 325.67 358.71 415.75 429.48 439.49 553.41 570.36
0.8 204.62 218.98 286.77 356.33 363.00 417.93 452.99 479.32 548.13 580.69
0.9 188.69 204.45 314.18 360.89 407.97 426.23 443.56 498.55 542.25 602.53
1 159.58 196.13 320.92 347.84 432.38 453.38 481.49 491.55 520.85 612.47
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Fig.6 Diagrams of the first 5 vibration mode of the structure with the proportionality coefficient o = 0.8
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Fig.7 Acceleration response observation points
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Fig.9 Sinusoidal sweep frequency vibration test results
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