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Development of an Integrated Design System
for Solid Rocket Motors
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ABSTRACT

We developed an integrated design system for a solid rocket motors. We can do a conceptual
design of a solid rocket motor easily and quickly with this system. It consists of four modules, or,
size design, structure design, grain design and performance analysis module. Size design module
determines the lengths and diameters of some major parts, which results in fixing the whole size of a
motor. Structure design module has many master models, which enables a designer can do a
conceptual design of almost parts of motor structures. Grain design module can design a solid fuel
according to the result of structure design. Finally performance analysis module verifies the proposed
design with the output from grain design module.
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Fig. 2 Construction of the SRM
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Fig. 3 Layout of Integrated Design Program
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Requirements Propallant
CaseoutDiameter | 275.4 mm Auminum contents I
Case Length 254 mm Specilic heat rafio 1202
e ) Molecular Weight %3 g/mol
Total Impulse 93062 Ibf-s
Density (cured) 712 a/eo
Case Material
©Steel  © Composie Flame Temperature 5350 R
CaseDome ho & Yes Burning rate(@Pc) 10 mm/s
End-Burner & Mo © Yes (Ersine) )
Conitions - Approvimate Results -
Name Yalue | Unit
Operating Pressure (Pc) Isp, optimum @Pe=Pa 24513 sec
Isp, @Pc with loss 23082 sec
000 psia Prop. Volume rafio 8715 %
Prop. Length 22739
Ambient Pressure (Pa) Frog, Peight TeAss kg
T Burning Time 929 sec
B Thrust, ave 1009211 lof
Total Impulse 9374557 Ibf-s
@ Nozzle Exit Pressure  (Pe) Thrust coefiicient 1.51724
ol Discharge coeficient 0.008509 1/sec
psia Web Thickness 8283 mm
© Nozzle Exithach No.  (Me) Buinit. 78 mm
De, exit 21870 mm
be/B, ini g
Nozzle divergence half Angle Bl Pressure 1473 psla
75 degree Exit Gas Yelocity 24038 m/s
Exit Gias Temperature 146522 K.
Web fraction (%) 0 Nozzle Len 276, mm
Grain 7962 mm
Thrust factor (staf) 0s7 Burning Area, ave, 188431 cm'2
Case Weight 37 ka
Discharge factar (etaD) o1 (2% Thikneos 200 mm
Pressure, calc, 100000 psia
M.E.O.F (psia) 1500 Case Length, l:ah: ed 2334, mm

Fig. 4 GUI of Sizing Design Program (SizDes)
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Fig. 5 GUI of Structure Design Program (MecDes)
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Fig. 6 GUI of Grain Design Program (GraDes)
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Fig. 7 GUI of Performance Analysis Program (PerDes)

(a). Structure Shape Designed in MecDes

(b). Grain Shape Designed in GraDes
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(c). Performance Analysis in PerDes

Fig. 8 Some Results from Integrated Design Program
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