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Abstract: Performance and structure conceptual overall design of solid rocket motor is the first stage in the
design work. It has a deep influence on the designing roadmap. However, the existing integrated systems face
problems that function of software is hard to customize, algorithm modules lacks of collaboration and data struc-
ture remains non—hierarchical. To solve these problems, first of all, using the idea of the dynamic combination of
algorithm modules, an open algorithm module interface specification system was designed. Secondly, following
the principle of decoupled functions, independent modules and reusable algorithms, 30 algorithm modules and 2
external interfaces were developed, including thermodynamic calculation, system parameter optimization, design
target allocation and grain design, etc. based on the solid rocket motor design theories. Thirdly, the integration
and collaboration of the algorithm modules were realized using the parallel round—robin calculation method. The

decoupling of algorithm modules significantly accelerated the computation. Finally, based on a four-layer system
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architecture consisting of the algorithm layer, application layer, user interface layer and presentation layer, the
integration design software system SRM—-PASCOD applicable to the engineering field was constructed. The system
was used to replicate the design process of the third stage FG-02 solid rocket motor of Long March 1, where a da-
ta dictionary containing over 400 pieces of data was extracted. Comparing the results with the actual ones, the per-
formance and size deviation are less than 10% and meet the engineering needs. The flexible combination of algo-
rithm modules enables the software to be applied to design a tactical missile dual-thrust long—tail nozzle motor
which verifies the practicality, customizability and extensibility of the software. The design method, algorithms li-
brary and integration specifications developed can flexibly support the performance and structure conceptual over-

all design of solid rocket motors. The hierarchical data dictionary of the motor formed during the design process
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provides data support for engineering applications.

Key words: Solid rocket motor; Overall design; Algorithm module; Data dictionary; Algorithm integra-

tion
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Fig. 1 SRM design loop
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Table 1 Content of the algorithm library

No. Classification Name

1 Thermodynamic calculation

2 Overall System parameter optimization

3 design Design target allocation

4 Design target verification

5 Chamber wall design

6 Fore skirt design

7 Combustion After skirt design

8 chamber Igniter connector design

9 design Nozzle connector design

10 External parts design

11 Strength check

12 2D grain profile design

13 Grain profiles combination

14 irjlgr;l 0D internal ballistics calculation
15 Insulation design

16 Liner design

17 Conical nozzle profile design

18 Double circles nozzle profile design
19 Parabolic nozzle profile design
20 Subsonic long tail nozzle profile design
21 Supersonic long tail nozzle profile design
22 Nozzle Insert conical nozzle profile design
23 design Flow field simulation

24 Thrust loss estimation

25 Shell thickness calculation

26 Insulation thickness calculation
27 Structure scheme design

28 Sealing ring selection

29 Igniter Igniter structure design

30 design Powder mass calculation by free volume
31 External Pro/E interface

32 interface OpenFOAM interface
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Table 2 Comparison between serial and parallel

computation cost

No. 4 CPU cores 8 CPU cores
t/s t,/s t /s t/s
1 26.173 9.221 15.985 2.386
2 26.380 9.712 15.971 2.319
3 26.775 8.606 16.013 2.329
4 26.676 9.112 15.973 2.317
5 26.399 8.663 15.945 2.352
6 26.107 9.062 15.887 2.348
7 26.044 8.504 15.894 2.323
8 25.881 8.754 15.919 2.327
9 25.889 9.266 15.896 2.370
10 26.120 8.987 15.953 2.411
Average  26.2+0.1 9.0+0.1 15.94+0.01  2.35+0.01
Ratio 2.92+0.04 6.79+0.03
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Table 3 Comparison between design result and reference value of FG-02

25]

Ttem Reference value! Design result Al%

Average thrust in burning time/kN 118.00 118.50 0.42
Maximum thrust/kN 181.00 180.50 -0.28

Average pressure of combustion chamber in burning time/MPa 4.58 4.60 0.43
Maximum pressure of combustion chamber/MPa 6.86 6.93 1.02
Action time/s 40.0 43.5 8.75

Burning time/s — 38.5 —
Average specific impulse in burning time/m «s™' 2491 2472 -0.76
Total impulse in burning time/kN - s 4500 4562" 1.38
Motor length/mm 3948 3991 1.09

Nozzle length/mm — 996 —

Distance between front and back heads/mm 2800 2935 4.82
Thickness of cylindrical wall/mm 2.50 2.48 -0.8
Thickness of front and back heads/mm 2.80 2.74 -2.14
Inner diameter of nozzle exit/mm 728 739 1.51

Inner diameter of nozzle throat/mm 135.0 136.7 1.26
Combustion chamber mass/kg 160.9 174.0 8.14
Propellant mass/kg 1805 1926" 6.70

Insulation and liner mass/kg 36.1° 39.3 8.86

Nozzle connector mass/kg — 17.4 —
Nozzle shell mass/kg 48.0 54.3 13.13

Total mass/kg 2050 2211 7.85
Mass ratio 0.88 0.87 -1.14

(a) Total impulse in burning time is average thrust in burning time multiplied by the burning time.
(b) Propellant mass including 81kg residue.

(c) Assuming that the actual insulation and liner mass is 2% of propellant mass.

AT BRAE RS ) (SR B YRR A AR 2

T 5 245 46 7 58 Ry < T P 4 bE RL IR 058 & AT Bk
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PE R

Bh 25 AR WA 1 AL S 9, B Be R ] Py &
BHLE P 17.46kN -5, F- 2 Fb i 2430m/s, B HEZF- 3

F/KN

E F7 3.66kN | By i G Ak B 16 7] 1.86s . 22 Wi 97 B4 A Fig. 8 Thrust-time curves of the dual thrust motor at
. _ . . R different ambient temperatures
1.46kN, 2 fiit 9% % B8 I [7] 7.30s, b 42 130mm, &L K
763mm, B HE 12.69kg, i 7 kb 0.566, ik 25 i = Table 4 Comparison between design result and design
104g, 7I LL7E & i 60°C AR -40°CFREE T IEH T4E. target of the dual thrust motor
T B A RIS 2 R R 25 5 A 0556kgziﬁ‘|‘d;%$jﬂq ltems Design target Design result
WAL P8 2R B 7E R ) B B 3R R ) R forellenethfnm 730 500 o
N R e . N Total mass’kg <15 12.69
RE R e B AR fL i 2k . K 4 R R LI ITTEE RS 1% -

- Trust level I/kN >3.0 3.66
THEbs Z B A XT L. v LA 1 & sh AL ae L R i Trust level TI/KN 51.0 146
ﬁ%ﬁg'&i+gﬁ%igﬁ£l]7éﬁﬁﬁg ﬁk*&**&*fﬁo lg Trust ratio >2.5 2.51
9%1%2{@”:“5{]4%\@:@%@0 Burning time/s 9~10 9.16
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