45 % 53 W N W Vol. 45, No. 3
2019 £ 6 A JOURNAL OF ROCKET PROPULSION Jun. 2019

e S LIS 3 B 72 P S £ 13

PR, BILE R K
(T ALK A BAFFTT, BT % 710025)

T EHNERAELIVRET KA R REM, B LT B E AT KEAEHM FEM AZ A,
HETHREIHET KEARREMERLZTERE GEURED BARNBEAERT, M0 R E
R, 5ART RGN HE AR ARG R ERES ., FREW . AEHMHETE
ERBERY AT, PR BARBA TR AREZNT 15%, B3 T HEWHEEA EH K
FREAURATIREY KEZERAEWRERE, EdEa L UK/ FEHLAKENLITE
&, K | First-order £ b 77 3% X 70 & 4 5K B 72 (R 45 A BEAT R 40 (b 153t 72 % R R E AR R B E R Y
MR TERT EREMA30.8% M ERRE, WL HEERATFERKFTLAINHET K& T
EEMRIT R, R T EENL 2B ERE—ENEZMNE,

KR ERKFRAN T KB R E MM A RRE S, HRTF &

RESHEE V43513 XERIDAD: A XE4S:1672-9374(2019)03-0054-05

Optimal design on solid rocket motor nozzle divergent cone

YAN Boyan, LYU Jiangyan, LIU Yuanmin
(Xi’an Institute of Aerospace Solid Propulsion Technology, Xi’an 710025, China)

Abstract ;: The high-precision 3D thermal-structure simulation model of a SRM ( Solid Rocket Motor)
nozzle divergent cone was developed by using FEM (finite element method) method. The strain and dis-
placement distribution of the exit structure under the complex condition of high temperature, high pres-
sure and the actuator loading together were calculated and compared with the full scale nozzle ground fir-
ing test results. It indicates that the simulation results are in good agreement with the test results. It veri-
fies the accuracy and validity of 3D simulation model efficiently. The maximum strain error of key bearing
part of the exit structure is less than 15%. It can be used as the strength verification model of exit cone in
engineering application. Baesd on this, the First-order optimization method was adopted to lighten the
weight of the structure with numbers of ribs in hoop/axial direction as variable parameters. It was indica-
ted by application that under the premise of satisfying the strength and stiffness, the exit cone after opti-
mization achieved the designing target of 30. 8% weight reduction. The conclusions above in this paper
can provide some important guidance for nozzle exit structure design and safety tolerance prediction of sol-
id rocket engines.
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Fig.1 2D section model of Divergent Cone
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Fig. 2 3D FEM model of Divergent Cone
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Fig. 4 Displacement distribution of Divergent Cone
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Fig. 3 The strain distribution of Divergent Cone shell around the adjacent ear
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Tab.3 The simulation results compared with the test data
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Fig. 6 Results of structural optimization
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