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ABSTRACT

This paper proposes a multi-objective optimization (MOO) framework for conceptual design
of a surface-to-surface missile system. It can generate the set of Pareto optimal system design,
which can be used for system trade-off study in a very early stage of the research and
development process. The proposed framework consists of four functional modules (an
environmental setting module, a variable setting module, a multidisciplinary analysis module
and an optimization module) to make the model easy to change, and the concept design
process using the framework was able to achieve the purpose of reviewing various designs in
the early stage of development. A case study demonstrating the effectiveness of the framework
has presented applicability to the system design, and the proposed framework has contributed
to presenting a design environment that can ensure reliability and reduce computational time in
the conceptual design stage.
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Table 1. Condition Setting Parameter

Parameter description

[P,.P,.P.| | initial Position

[¢9s 0,5 1h,] | initial Roll/Pitch/Yaw

(U, V, W,] | Missile initial Velocity

[P,.P,.P.] | Target Position

[U,,V,, W;] | Target Velocity (=[0, 0, 0))

Yr Required final flight path angle

At time step for dynamic analysis

jara §
o
FERe FEuolHE W&

CFD, Pannel Method 5 thekst

QA ot
22 ChEOF B4 BE
FEY B4 mEe FYnd, AP
g md3} 450 &5 RUE o]
7t mde Be ATE
A= Fug + 9
HEG Y PSS ) gste] WASAT
221 BY=Y

NZFES o golE 2 Ar=E

empirical 3% T|o|EH o]0 Mi

ol AR8-3HTH3,4,6].
2 AFoA = Missile DATCOM('97)S AHE-3FA

I, & =EE/

=
DATCOM ¥ w1}

S R AsE

1], FE] 7=

d=2RHe =9

=13

Fleeman©] A|A3F zk& 83}

2 dA R e 3 Fo =Y+ =

Bope] W Z7}

B AgelA FEsuA

a4 Meg HE

=2 10

b= =

=
T

Al

1

ob

¢ wET 2eNUAN Bad

HolH(&H AF)E FEstd AA= 2 g&
E= Qg AE TS 3
zde /=9 W7t Fig. 30l A=A

= =
= E=

r 2 fo ol o

il

w5 d=E A&SA

a3

J

SHETH6]. ©] o
1= A

A

A @A Heoz y¥ste] FAFE FA 71 A
&2 A -&3trh1e].

223 &y =g
fEwe FYm

ol

TL

Fefoll w7

Configuration

Variables
—

C.G.

Aerodynamics

o AuA fERlA 713
o] AgatE WAl FA1HS A §sHarh
Fee fEB g% qUAUeR FYo

=gkol AEel EEkzin.

Oo]:

ol
5

7}

olel,

cM

CM,

CM,

Cz

Cz

o

CA

Fig. 3. Aerodynamic Model Input/Output



M 47 # H 6 =, 2019. 6.

Time(sec)

Fig. 4. Thrust-time Profile
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Table 2. Inner Configuration Variables

variable description
[ID;] Section ID (Sequence of Section)
[Station ;] | Position of section
[material ;| | Material of skin, fin, components
Station s, | Position of Fin
Table 3. Thrust variables
variable description
ten | Propellant burn time (¢, +t,)
7, 1 stage burn time ratio (t,/t,,,,)
t, Delay time between 1% and 2™ stage
L, total specific impulse

13t | 2" stage progressive ratio
T

T,
” (TIZ/TH ’ T22/T21)

pl?

Thrust ratio between 1% and 2™ stage
(TQM / T, )

rstage

Table 4. Missile Dynamic variables

variable description
oy Actuator natural frequency
Cact Actuator damping ratio
nax Actuator max. angular speed
option,.,—, | Zero-g command options
option iame | PNG, Biased-PNG, Unguidance
N Navigation constant (375)
6] Deflection limit
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Table 5. Design variables R :
, — V= =8|
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= C@J; . Solution 3

z Iy , Nose length (mm) 108 R 1
Ty Warhead section start station (mm) & e
T Root chord length of tail fin (mm) P
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T tyurn (S€C) /
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T, Tstage ™) Fig. 8. Result of optimization
Table 6. Alternative solutions
- T4 %7 (Constraints) :
) . . Alternative
gy : Static margin = 0.2 caliber Solution No. J; J
g, = Terminal flightpath < —70 deg 1 101 0.97
g3 + Terminal flightpath > —90 deg 2 1.19 1.01
g4 - Range = Targetrange — error 3 1.02 1.05
g5 * Range < Targetrange + error 4 0.68 1.08
error = 20m
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- Population Size/Preserved design : 63 / 19
- Crossover/mutation ratio : 1.0 / 0.05

- Convergence criteria : Fixed generation number
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Table 7. Design variable values of alternative

solutions
solution 1 | solution 2 | solution 3 | solution 4
Ty 1,693 1,727 1,788 1,840
T,| 501 434 400 437
Ty 538 547 550 547
x4 359 348 347 337
Ty 50.0 53.1 55.9 56.1
Zg 276 28.2 29.2 275
x; 1.10 1.12 0.92 0.90
Tg 0.99 0.96 0.63 1.00
T 0.87 0.26 0.75 0.40

Table 8. Response values of alternative solutions

solution | solution | solution | solution
1 2 3 4
Flight Time | 569 | g6 | 3438 | 387.9
(sec)
Hinge
Moment 1104 | 1143 | 1373 | 1125
(Nm)
Initial Mass | 535 | 4531 | 1519 | 1510
(kg)
nital CG 5535 | 2933 | 2238 | 2248
(mm)
Final G| 4907 | 1808 | 1899 @ 1.91
(mm)

Max'(_';"aCh 391 | 377 | 35 | 351
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