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Multi-state Model Updating based on Simplified Rocket Model
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2. The 45th Research Institute of China Electronics Technology Group Corporation, Beijing, 100176)

Abstract: The continuous reduction of fuel during the rocket launch causes the rocket structure to change continuously, and the
natural frequency and modal shape of the structure also change accordingly. Aiming at the inaccuracy of the finite element model, the
moment of inertia of the section is used as the correction parameter, and the minimum error between the numerical simulation results
and the experimental test results under different states is the objective function, and an optimization model for multi-state model
correction is established. The objective function is explicitly processed by sensitivity analysis and first-order Taylor expansion, and the
optimal solution of design variables is obtained by sequential linear programming. At the same time, for the multi-state structure,
taking the multi-section simply supported beam model as an example, the simply supported beam is tested by the hammering method,
and the magnetic attraction weight scheme is designed to simulate the multi-state model. An optimization model is established for the
objective function, and the multi-section simply supported beam model is revised to a single-section simply supported beam model
after modification, and the ratio of the moment of inertia of the section to the area is met, which verifies the accuracy of the multi-state
model modification method.
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Fig.2 Process of multi-stages model updating
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Tab.l Sectional dimension
B A HMZE/m WN1%E/m I/m' Im*
—HRa 3.35 2 5.397 4318
—%b 3.35 1.8 5.667 4.534
ft’/ 1 3.35 22 5.032 4.026
=% 3 24 2.347 1.878
A 4 2.6 10.323 8.259

A SCHH A R 6/ BTk £4F MSC.Patran&Nastran Xif
TSI KA PR oA B AT SR AR, — 4R SR B T X
REERYIEAT A KI5 o K IS Iy T7 T kil 43 45 AN 22
Bot, TRmSME 3R, SANREBH 9 M HAREE
BIGHR, RENREIUR T AN E R E N, AR
TR 4 BT o

3 AREVRES

Fig.3 Finite element node number

=
E4 HRTER

Fig.4 Finite element model

TER PR BN G S MR T /1 10, 19, 28,
37+ 46 Kbl g i B AR K ETRRL R & . i ek
BEARE N R EBES SRR EREREERE, &
AR EE TR S R 3R 2 Fis

x2 BIMREETRERNRE

Tab.2 The mass of mass points in each state

F3FR, BB IERTBTHE 50 1 SR AR R
7 17.4% %/ BAB 1E J5 e KA R 22 0.18%, B IEAL
RO I 518 IE J5 RS AT AR G bE R 22
RKAFR, BEERRHR S5 IR AE 6 B X 5%
72 5.8% 4 /N BAB IE J5 O RAHXT 2 22 0.014 8%, 12 1E
RO, BRI BN . FEXS LR B I i
P76 ELA A B S PR 15 3 30 7 5 0 R R R 3R AT X L
Al U AR EE 518 IE TS AT R B Le s —
ZEPE, RIS 48 IE A 0 HT PR B0 b A
TR, ERACREONER ., RS 1. RE 2. W
AJAT4BRAAREL, SRR 1 AT 4 BriR BN AER
WE SR, Ha, by e dOBINSIREH 1R
B 2MRAEL. 3 IRAL. 4MIRM, B EEgE
BIEFTIRE 2, A ELRRBIEEIRIMZ, WH
LTI IRIY 28 .

Wi RE R | RE2 & | RE 3R #=3 HEIBMEVRERREEREHESLE
1 300 200 100 Tab.3 The initial and iterative values of cross-sectional moment
10 300 300 300 of inertia
19 200 200 200 g | B | EEN | R | BER | SR
28 200 200 200 N Y m* m* m* /%
37 100 100 100 1 I 5 5.3969 5.3983 0.0259
46 100 100 100 I 4 43175 43183 0.0185
N e e ‘ I 5 5.6670 5.6684 0.0247
SR 134K B RSPRAS AT B 0T, 1 I T Bu Ee v e o s
AT 4 B 4 BT 5 SR M A B B AT 2 IR : ' ' '
>~ HU 4 B}' %AD\ ﬁ ﬁ/ﬂ% N —Lﬁ'ﬂ ﬁ /TTg"{j(ICD % I 5 5.0324 5.0280 0.0874
1 . . .
ﬂﬂ%ﬂi ° *Xi/%ﬁﬁm/@ﬁ (4) E‘]‘r%‘/ﬂi—lq‘ﬂ U\*EJ:E 3 IZ 4 40259 40223 00894
AERIERBERE, A SCORHT 4 B i 5 B BUE RS | 2 | 2w | 2w | oo
N N . NN . 4
0.4, 0.3, 0.2, 0.1 HHUEE KR IHR =V 1, 2 18780 | 18790 | 0.0532
B, EWEFSSIETE, TFIREAR. X I, 10 103232 | 103421 | 0.1831
M
Sy 4) I, 8 8.2586 8.2512 0.0896

2o 1d 724 YOS B Btk AR R AU S S5 R




553 3 PGS T K A AU ) 2 RS B AZ IE 5T 25
R4 BERIEMENLR
Tab.4 Frequency comparison before and after optimization
R RSB & 1ERHI/Hz w6 {A/Hz BIE R/ Hz FHXT R 2%
1B 2.220889 2.230867 2.230837 0.0013
fok 20 2.376704 2.494187 2.494009 0.0071
RE1
B 3B 6.196656 6.322186 6.323122 0.0148
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Fig.5 The vibration mode of experiment and before and after optimization in state 1
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Tab.5 Experimental frequency results

RS 1 B/Hz 2 [ /Hz 3Fr/Hz 4r/Hz
&1 39.631 143.824 329.906 527.673
&2 41.247 153.220 338.987 548.822
RS 41910 161.092 369.687 584.607
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Tab.6 Comparison of cross-sectional moment of inertia before

and after updating

BmEEEE | Higf/mt | BIER/m* | B1IEE/m* | HRHRZE%
I 2133.3 5000.0 2195.8 2.9273
1, 83333.3 50000.0 80625.2 3.2497
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Tab.7 Frequency comparison before and after updating
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