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Research on the Integrated Simulation Method of Internal Ballistics,
External Ballistics and Thermal Protection Structure under Overload

LIANG Rongji, LEI Jianchang, CHI Yuancheng
(China Academy of Launch Vehicle Technology, Beijing, 100076)

Abstract: Overload changes the internal ballistics of the motor and the erosion of the thermal protection structure, which
increases the coupling degree between engine design and flight trajectory design. Conventional solid rocket overall-motor discrete
design is difficult to fully consider this coupling relationship. By studying the coupling relationship between internal ballistics,
external ballistics and thermal protection structure, an internal ballistics model and a thermal protection structure model considering
flight overload are formed. An integrated simulation method based on internal ballistic model, external ballistics model and thermal
protection structure model is established to achieve accurate prediction of internal, external ballistics and thermal protection structure
erosion under overload. The calculation results show that under overload, the pressure of the motor increases, the altitude and the local
flight path angle of the shutdown point increases, while the flight speed remains basically unchanged. The total mass of the thermal
protection structure increases and the thermal protection structure thickness of the nozzle changes, requiring strengthened thermal
protection. The integrated simulation correctly predicts the changes of internal and external ballistics under overload, laying the
foundation for the joint design of internal ballistics, external ballistics and thermal protection structure, which can improve the
integration degree of solid rocket overall-motor design.

Keywords: influence of overload; solid rocket; internal and external ballistic; motor thermal protection structure; integrated
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Fig.l Structure and coupling relationship of integrated simulation for internal ballistics, external ballistics and thermal protection structure

FERATIERE R, AT I 8O A Ah3E 5 # B 3 45
Fe v AL S, BN 7R AL R RS OR AR, Ui
A B HEBE IR, N FOE A R EK

AR, MR TR, P EURBI IR 5
A2 5, T S A T AR SE 1 e 5 A 9 S5 A TR
FEs 53— 07 M Bk 1 IR 57 A R 2R T A A T



16 T 5 R 2 BB ROBSED

2025 4F

GPA, R E FRAL IR SRR I N, S T A
A B BEUE o A DA R MR B AR, X Py Ah RE A
e

s LR R, e RN CHAS S
Hov virdE. MAmERE. WRELNEREN
) AT 97 25 ) Jo B DL R AR T B, R TR A
t, NIUERIRCER IR S BB E, MERRER,

ETHAEFPRERKR, RGP KFARZ
T TR ORI, A SO IR TS AR Y
AT AR AL (] R 5 R 2R, OREF TR T[]

(AR A7 PE . FE T ISIGHT 257 1 e B A 4
B2 B, TEWIIRALIRTT, 1 67E ANSYS SE A Y
AT PR 25 B S HOE L2 2 U AN, X2 BRTHET I
M, ZJEAETOIE B Ak A T IS AT #7445 4 PN ST AR
B, TR RAERIERIANYIME. BRI TRKIEIT
HNIATE . RBIPEE R DA A S A . TS
1756 UG BDZI BB AR G AN S, T
[ A B PR A AP BB — M LA AMLTE S HRAE, I pi
A BRI RS, RIS EUE R RATA A
A, A ZE R E N 0.01%.

WS HdmA

o —>| i
BRIBGEACI IR IE

°o——> &—»‘Q—»‘Q—»o

FEEAF 26 R UGTRBTIF L RRn Rk A

= >°
ISR AR

o—»‘?—»‘?—»‘?—»o

WATEIE B AS R el N RE A

B2 AsNRIESARPFS R MRS EIRIE

Fig.2 Workflow of integrated simulation for internal ballistics, external ballistics and thermal protection structure
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Fig.3 Grain modeling and mesh partitioning
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Fig.5 Pressure of motor under lateral overload of 0~12g
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Fig.9 Particle environment of nozzle under overload
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integrated simulation
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