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Fig.1 A schematic diagram of dynamic model reduction
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Tablel ~ Comparison of frequency results before and after model reduction
Original model Single point Relative error Sixteen points Relative error

simplified model (%) simplified model (%)
1*~order bending mode frequency (Hz) 55.55 66.78 20.22 59.92 7.86
2"—order bending mode frequency (Hz) 134.81 166.09 23.20 142.97 6.06
3"—order bending mode frequency (Hz) 233.17 292.51 25.45 244.46 4.84
1*'~order torsional mode frequency (Hz) 159.86 160.56 0.44 160.04 0.11
2"—order torsional mode frequency (Hz) 319.93 321.08 0.36 320.04 0.03
3—order torsional mode frequency (Hz) 479.47 481.52 0.43 479.96 0.10
Number of degrees of freedom 43380 642 - 10272 -
Computation time (s) 15.75 0.08 - 1.76 -
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(a) K AR
(a)Original model

9 =R R

Fig.9 3"-order torsional mode shape
2 AR AR IR T AT B R 0 B Sk
ST R A L AR TR B — R, AR T
AT B SRR

(b) fay s 2
(b)Simplified model

21 FHENSE
SRR B v 0 O FH 3 e v 7 R FH S AR ST O
ATV %) A B TCABE Y | T A e a2 551 g 52
PR AR T A B SIS A RIS BL X A
PBHE M DI B N R K 32 85 U ; J FnAsa]
JE4E W REPE X T & B AR TEZ 8 — 2 1)
VIR Ve BT 2577 A o R K AR I , — BRI )
TH R, T 3 {7t 100 S A ol 4SS 400 I8 AR P [T AR i A
TEVIN 1« BAERTE , LU AR y — oo, K L D1 AR
e GA -
G="-0 (11)
y

i)
E=2G(1+p)—0 (12)
B P A BT B/ B BB S AU L I A 1) ik — R e
R EN BRI, AR SCH 1e-30Gpa. X FIAM o,
O3 AT — A ARG AE = 2 AR A bR 3R o ] 52 5]
B[] L eI 8 R AR T L, LA T T AR A
g o g,

£, =— & =P & =N EX (13)

Hrb o Bx PRI ST e, R x WAL, 8, Sy [0 ]
AR & Sz 1A WA, [ ARAREIAT EEREADLIR A ] T 46 14
Rtk AR & BTZR 0, 4

()-X

s,,=3x+g}+gz_E(1—2,u)=o (14)

B A = 0.5 858 SCIEA , AT DAL EL A A 7]
AR YRR B SE PR T w AN REUE R 0.5, H g
HU2ET 0.5 O, 78 SCHL0.499999. 45 kA7 BR yoAR 7Y
T AT SR FH 22 A0 SR A6 LA TR R Y, 2
A TR SE B 12850 Hr
2.2 EFIIEE

SRHEATRE F AT, ARS8 5 R A v o A A
SRR B X AL 10 TR I AR 5 R 7 HHIRAS
N AT T, 25 H 4 A R4S 24




36

2021 4757 19 &

[ BE A 1 A2 ) B BB R 4H A, ELA% R 3000mm , — 2%
BEFE =5 5000mm , — A 1] BE 151 2500mm , — Z A AR
# 10000mm, 2% [f] B & 4000mm, — 2% KX 4+
4000mm, — g% F 18] B = 2500mm, — 9% A AH =
8000mm , IV 6 BE J& 4 3mm, 746 A 41 BL 25
27107/ mm’, SRR i A 70Gpa, THFA LR 0.3, %/
AEFN 2 FE A 1.4107°/mm’, BRBE % 5 R 110°Ymm’.
FEAE TP T PR R AT R AR BE , R R
Mk &k 4 ABAQUS H 1) Lanczos B3k WEAT 1A, 78
SRR By v A A AT R 8 AN SR A, R L
B MATLAB AR BUBEAS AR B, 52 A5 #4) (9 AR [ A
BAHELE R 11-18 15 1 2 s .

(a) e Brht vk (b) AR R

(a)Lumped mass method (bh)Solid reduction method

P10 RIS R B

Fig.10  Shematic diagram of the tank structure

(b) TEIARBRE R
(b)Solid reduction method

(a) SR st ik
(a)Lumped mass method
Bl —Bas e

Fig.11  1%-order bending mode shape

H1 TIPS A5 AR R BT R 2 0 B £ R AT, 1
AR SR BURHE TR B A A T HE AR R 10 25
F P T1=1 15 TR, PERP 7 kAT 2 i 45 A AR By
BB AR B A — B th R 2 a0, — 5 T, >R
FHEE PR R B 584 2 A AR (2 i R T 4 v i
L, ORI B SCTIE , 2 S BERIE R TR

(a) Fh B vk

(a)Lumped mass method

(b) FARFE B
(b)Solid reduction method

B2 B R

Fig.12  2"-order bending mode shape

(a) e Brht ik

(a)Lumped mass method

(b) SRR R
(b)Solid reduction method

B3 =R iR
Fig.13  3"-order bending mode shape

(a) SR Hp B ELE

(a)Lumped mass method

(b) SRR B I
(b)Solid reduction method

P14 puByes iR
Fig.14  4"-order bending mode shape

(a) Hrh B ik

(a)Lumped mass method

(b) FLARFR B
(b)Solid reduction method

E15  —Brgh iR

Fig.15  1%-order longitudinal mode shape

TR Ml it 2 S BT AR T ) R (AP B Al K 5 7
— 5 T, SR FH A R AR A SRS 45 2 A IR
AN AL TE 8% LA, 55 BN 2 e SR



5 4 39

X B 26 - SRt by Bl g L R 5 3k B JE R ] 37

®2 WHAEFRITEERILL

Table 2 Comparison of frequency results of the two methods

Lumped mass  Solid reduc-  Relative
method tion method  change (%)

1*'~order bending mode

1.52 1.63 6.89
frequency (Hz)
2m—order bending mode

3.93 4.15 5.81
frequency (Hz)
3"—order bending mode

7.48 7.84 4.72
frequency (Hz)
4"—order bending mode

10.52 10.96 4.18

frequency (Hz)
1*~order longitudinal

7.14 7.71 7.98

mode frequency (Hz)
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A DYNAMIC MODEL REDUCTION METHOD OF BEAM-TYPE
STRUCTURES AND ITS APPLICATION *

Zhao Yang' Xu Bogian'" Li Xiaobo' Li Yuwei’
(1.Changchun Institute of Optics , Fine Mechanics and Physics , Chinese Academy of Sciences , Changchun 130033, China )
(2.Dalian University of Technology , Dalian 116024, China )

Abstract In engineering projects, we often have to deal with dynamic analysis of large beam-type structures such as
launch vehicles, train cars and high-rise buildings. As the computational workload is very large, model reduction is usu-
ally essential. In order to solve this problem, a multi-point cohesion method for beam-type solid structures is proposed.
Based on the plane section assumption of beam theory, the displacements of FEM nodes on each cross section are ap-
proximated by the motion of cohesion points of the cross section through a displacement transformation matrix , resulting
in the localized base vectors which will be used for model reduction. The method can also be applied to simulation of liq-
uid propellant launch vehicles. The solid reduction method is then further proposed. Utilizing the characteristics that the
liquid is incompressible and can’t withstand shear stress, the elastic modulus and Poisson’s ratio of the solid elements
used to establish the liquid propellant are reasonably defined. Then the simplified model can be obtained by the multi-
point cohesion method. Results of illustrative examples indicate that, the simplified model derived by the multi-point co-
hesion method can not only improve computation efficiency, but also ensure that the relative error of the results is less

than eight percent. In the meanwhile, the results confirm effectiveness of the model reduction method.

Key words beam-type structures, model reduction, liquid propellant, modal analysis
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