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Abstract

Pneudralic Oil Source is one of the key equipment in the rocket launching system, which is often
subjected to severe vibration excitation during the working process. To ensure the safety of
Pneudralic Oil Source during the working process, it is necessary to analyze its response under the
vibration environment, and then take the necessary vibration isolation measures. Using finite
element analysis, we establish a simulation model for the Pneudralic Oil Source dynamics in liq-
uid-filled state. Through vibration response analysis of measured base excitation, we obtain vi-
bration isolation measures. By adjusting the isolator and oil source centers of gravity to the same
vertical plane, we design three isolation schemes to minimize acceleration RMS values in three
directions of the base, valve, and pipeline. Using RMS of three-directional accelerations of the base,
valve, and pipeline, as well as pipeline stress as evaluation criteria, we analyzed the data by the
analytical hierarchy process to obtain the optimal isolator arrangement scheme. This further im-
proved the vibration isolation performance of the system.
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Table 1. Materials and material properties of major components of Pneudralic Oil Source

%1 SUEREE BT R R Y

e R % (kg/m?®) FVEAS 5 (Pa) RN =4

SERI S Q235B 7830 2.10E+11 0.274

65 L FE /%8S 34CrMo + R JRALHE 7870 2.13E+11 0.286
180 L &REA R 34CrMo + TR AbHE 7870 2.13E+11 0.286
TR 45 P 7890 2.09E+11 0.269
s 304 ANEEAH 7930 2.04E+11 0.285
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Figure 1. Schematic layout of vibration isolator
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Figure 2. Simplified schematic of the finite element of the vibration isolator
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Figure 3. Finite element model diagram of Pneudralic Oil Source
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Figure 4. Acoustic-solid coupling model of 130 L and 99.5 L accumulator cylinder
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Table 2. Hydraulic oil acoustic properties
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Figure 5. Definition of fluid-solid coupling interface in the accumulator barrel
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Figure 6. 1st modes of 130 L Accumulator barrel
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Figure 7. 1st modes of 99.5 L Accumulator barrel
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Figure 8. 2nd modes of 130 L Accumulator barrel
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Figure 9. 2nd modes of 99.5 L Accumulator barrel
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Figure 10. 3rd modes of 130 L Accumulator barrel
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Figure 11. 3rd modes of 99.5 L Accumultor sbarrel
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Figure 12. 4th modes of 130 L Accumulator barrel
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Figure 13. 4th modes of 99.5 L Accumulator barrel
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Figure 14. 130 L and 99.5 L accumulator barrel four orders wet mode frequencies
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Figure 15. 130 L equivalent mass method first four orders of intrinsic frequency
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Figure 16. 99.5 L equivalent mass method first four or-ders of intrinsic frequency
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Figure 17. Accumulator barrel liquid-filled finite element model
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Table 3. Modal calculation results of Pneudralic Oil Source liquid filling state
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Figure 18. PSD of X-direction acceleration of Pneudralic Oil Source
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Figure 19. PSD of Y-direction acceleration of Pneudralic Oil Source
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Figure 20. PSD of Z-direction acceleration of Pneudralic Oil Source
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Figure 21. Accumulator barrel liquid-filled Pneudralic Oil Source overall tension
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Figure 22. Accumulator barrel fluid filled barrel stresses
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Figure 23. Original arrangement of vibration isolators
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Figure 24. Vibration isolator arrangement option 1
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Figure 25. Vibration isolator arrangement option 2
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Figure 26. Vibration isolator arrangement option 3
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Figure 27. Hierarchy of gas drive oil source vibration isolator arrangement scheme
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Table 4. Comparison of RMS values and stresses for the four schemes
= 4. M5 R RMS {EFIR SxftE

AR I JH K (ERC (ESCINY]
3! 0.1696 g 0.1910¢ 0.1647 g 29.558 MPa
E Y 0.1721¢g 0.1871¢g 0.1632 g 34.022 MPa
HE3 0.1737g 0.1867 g 0.1629 g 34.415 MPa
WIURTT & 0.1688 g 0.1972 g 0.1695 g 34.977 MPa
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IRV BIEOORLT . ARYE K 4 153 IR 4 FhO7 SEVETE N EIHOERE, B
P= (0.03383, 0.02939,0.02905, 0.02859)

R VU7 S IVETE R ) BIEPIPILL R, RIS 1 BOAETE R ) BIHR LATT 58 1 I TE I 70 (BI85 3158
LATES 1 SRR, 7% 2 MR EIEER L7 & 1 BB R EEES 25 2 1758 1 ZIf%dE, Bl
AT U -

1 11510 1.1643 1.1833
08688 1 10116 1.0281
0.8589 0.988 1  1.0163
0.8451 0.9727 0.9839 1

IS HERE W) BISRAN, 45 BIHERE
Q =[3.5727,4.1123,4.1598,4.2277]
RVAERE W A g AT A SR RR LD Q FRARR B IS, 2R JE TSR EE,  BEaE U RERE W) 4%
AT O S R B, 453 T 4 b5 S TE B RS R R -
P, = [0.3148,0.2376,0.2322,0.2248]
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[FIBE RIS, R AN E RMS B, il BR RN E RMS {H, BB IEE RMS {8 f0 e HERE AR R

P+ P2y Pso

P= [0.2542, 0.2468,0.2415, 0.2568]

P, =[0.2486,0.2591,0.2601,0.2331]

P, =[0.2511,0.2557,0.2567,0.2370]

TERZ RSy Hridirt, B Thomas L.Saaty $2 H1H) “1~97 bR EEZkd 37 A WY .

BUE S g 5 Fios.

Table 5. The “1~9” scale
5. “1-9” tREEE

“1~9” FRIEIEAIK

PREE a X
1 ALK FIFE EE
3 WIS TT 2OM BL RS g B
5 WIS T 2OM EL Al 2 o B
7 PN ZOM BL A 2 9m 7 BE BE
9 WIS TC M BL A A L B
2. 4.6, 8 T bk 2 Mg 2 A
1. 1/2. . 1/9 N R E R
FR A BT H 2256 0T LAR 52 W e B 1 B
1122
2
2 1 55
| =
11,9
2 5
11,9
2 5

FHAERE | SR A = 4.0062, —SEAGIGTS C1=0.002067 < 0.1, —FMAGIGAAIT o A ST B [RHFAIE 1]

B ORCE A5 A =(0.3939,0.8807,0.1860,0.1860) o 4 Fift 7 G %% W 25 PP HIARHE (K8 56 S B LS B P,
B A FrSRHERE P 1S3 DYANTT R 5 B fabs v A=0.002067 < 0.1
AP =(0.4243,0.4172,0.4151,0.3923)

Table 6. Comparison of parameters after optimization of vibration isolator arrangement

6. RiRFMHERUESHIILL

HARERE  JREEINEE RMS /g JWINER IR0 RMS fEig B N RMS 1H/g EIE N J1/MPa
et e 0.1696 0.1910 0.1647 29.588
AT 0.1688 0.1972 0.1695 34.977
ApE +0.47% -3.14% —2.83% —5.41%
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RAE LR s, WU T RMRBHGHF AT R L, HE2, RS, BAE, EHE LN
PRASAM BN RN TT R IR ERNE &ESHT R 6 fn. Hi, BT wIa6G6E
J7%, JRHEENEE RMS {EER S 1 2.17%, JHIUEK R INIE A RMS (B FEK T 3.14%, EE A RMS {EFF
KT 2.83%, EIEMNSJFFKT 15.41%., MBEMRNE, TIHIERIR R ERERRE—Ditm. K64
H T BRIRARAT R G S TS HOT L.

5. &

ASCUAS R SO S B, T 1 FERCIRAS N I IRAE JCHT R I (B3 7 i
ISR 1 AT T RRIR ST R AT, IR R R 4

(1) 775 R8T IR 5 RE &% fRl A TS VBCIRAS IR, 7T DA P 7 [ R 3 b o S8 ROUP R P I o LA, itk
TR FEWRAS B3N 7 22 N 3 A

(2) LR IR S AT B O 5 R DAL T — B B T =M BT S TR R
o B s NI 13 21 7 A SR AR R iR e A0 B R T E 1o A B PR 8 A0 B 7 RS T < IR IR &
M ER R INEE RMS, S TEEE RMS DLEETER /1, RERIRRIRVERERE— P e
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