F39% 2 M
2017 4 4 f

/IS B A NI S
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

Vol. 39 No.2
Apr. 2017

doi:10. 11887/j. cn. 201702004

http://journal. nudt. edu. cn

EECNE 1/5 BN F LR BT

AwE EEA, ARE

(1. BGAEASE MAAFELR2FR, Wb ki 410073; 2. L EXFMRAKLIAZMLH, LT 100076)

B A NS R AR IO R 12 FCH SRR — Bl R A%, o — T B A B Bl ) 2 4 LA
BBt o DIRBRLE SO HET A BT AR MR85 HEAE M 2H R 1) S 4% B B AR AL 28 5 A1) PR ri] P 8 01 Jo A
LA B — B BRI 138 BB 1) SRR AR SR 3R 5 7% 08 S P i b 3 2%, 23 7 1 I 32 A
AT DL AR B 29 AR EIRARRIOC R AR LR A BT 1 1/5 4 HOASE R, I Xt 12 40 LA R 194 3l e A AR 10
PEATA FROCEUETT S BE . JAESS RER W], Bt s 1/5 4 LURERUTE Sl 5 1407 11 -5 D R B A e i AL
FASRTT HE e AT S0 0 T2 2K (9 30 7 24 AR R B3 T

SRR 12 HACHT AR 48 OB s 3l ) 27 R
X E 4211001 -2486(2017)02 - 027 - 05

HESES: V4141 SRR SRS A

1/5 dynamic scaled model design of launch vehicle

LIU Caizhi'* , TANG Guojin' , ZHOU Lilin'
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;

2. Beijing Astronautics Systems Engineering Institute, Beijing 100076, China)

Abstract; The design of dynamic scale model is one of the most important parts in the scale model test which is an effective approach to obtain

dynamic characteristics of large launch vehicle. Taking the launch vehicle as the object, the similarity relationships for each part were derived on

the basis of the structural components of the launch vehicle. Transverse dynamic similarity relationships of the launch vehicle were derived by taking

advantage of the consistent similarity in respect of transverse stiffness and mass. Taking the actual processing and manufacturing conditions into

consideration, the restrictions of similarity coefficient for transverse stiffness and mass were analyzed. According to the relationships and the

restrictions above, a 1/5 dynamic scale model was designed and its similarity of dynamic characteristics was verified through the numerical analysis

of finite element. The verification result shows that the 1/5 scale model gets a high-level similarity with the prototype in terms of dynamic

characteristics, and the method can be effectively applied to the design of dynamic scale model for launch vehicle.
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Fig.1 Finite element model of a launch vehicle
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Fig.2  Similarity error of transverse stiffness distribution
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Fig.3  Similarity error of joint mass
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Fig.4 The first third vibration type of scale model
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Tab. 1 Similarity comparison of transverse frequencies for

scale model in condition of free boundary
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