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A Study on the Air to Air Missile Control Fin Optimization Using the Mathematical
Modeling Based on the Fluid—Structure Interaction Simulation

Seung-Jin Lee* * Jin-Yong Park

This study focuses on the air to air missile control fin planform optimization for the minimizing hinge moment
with the considering phenomena of fluid and structure simultaneously. The fluid-structure interaction method is
applied for the fluid and structure phenomena simulation of the control fins. A transient-loosely coupled method is
used for the fluid-structure interaction simulation because it is suited for using each fluid and structure dedicated
simulation software. Searching global optimization point is required many re-calculation therefore in this study, a
mathematical model is applied for rapidly calculation. The face centered central composite method is used for
generating design points and the 2nd polynomial response surface is sued for generating mathematical model. Global
optimization is performed by using the generic algorithm. An objective function is the minimizing travel distance
of the center of pressure between Mach 0.7 and 2.0 condition. Finally, the objective function of optimized planform
is reduced 7.5% than the baseline planform with satisfying constrained conditions.

Key words : Fluid-structure interaction simulation, Response surface, Global optimization, Hinge moment

[ 2 o
Tefeh e Aol e HAeke Saysieich 1 oo
SRS | ekl elix @ Rdelie Agslsien el 2 2
Agdfole] 4750] A1 2IESolE AMGHIA HPRAROFAR WA QAP Hestelch Ao} Hslolis B Uk
Ate] Lastuz W2 ALE $lote] 544 RS o|galHon] o Slslel W B YA AATMOE ABHS
ARElIc) ARE AR 9

WA A9 8 ol e B oA Aselold Auks Eole 23 k) uhg e Aksigon el
st MRS ol A SelE S el S ket Ads) BagE }s}owu}o}zox}ou

o A olerE Hasz *.ui’éﬂﬁ}

2.

!

o] 3 22k el B4 olEAel} 75% 2AE HHPHE Eae
FR0) : B2 o ABolH, g,

Al 2 2HE, 59

x
rhu

o TS UpRe] Bkl Ele] YR T7ke 1
2717k AgEEel7)o] HARA] A%sEA gom &
2o RS 29 SR Seled Fig 1342 AVES KR 44 Foi] il ol A4 3o
TAIES 1 3712 7H Fole AYoR

Received: 12 October 2015, Revised: 30 November 2015, Qlch

Accepted: 23 February 2016 uAle] 7] gl mlX| v ofe] 7L )

*Comresponding Author: Seung-Jin Lee out 1% 5 ZUr 210] AEELE 3O A
o . o IO%F shuhe 23N A 2%9E E4

E-mail: sjlee47@lignex1.com R

LIG Nexl Co., Ltd, PGM 1 R&D Center At dRbE oz Zilo nArde] Al E 714 B

HMesd mMiz 2016 32 @D



Fig. 1. An AIM-9 missile is launched from a internal
weapon bay of a F-22 stealth fighter
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A mHEL 2397 A T st Wy
mHlEQ} 2ol Aej F2o| ozt 32 3lx =l
E2 Uye] 14 0]y el 3 @A) mulest
AA| 1A HHES] thfES ApAgteh 3 2R 2l
EL Fig. 29} Zo| 3121 %3} nE Fgo] 2149l ¢
SRS Afolof| sl WAYRITE TR ER flAS ¢
2 A7) 917 Aol 2xsfely] SJsiAE e &
A YIRS A wefsto] RS9 HA7E o
A A =S 2FINE AAsiolor shk ot

82 &3 5 2% 5o vk 9127
3] shetoln®, B3] 248 HFE Swo] wet oS
el 137 Be) sk el Aok webd v
Q% ol 7 Aol W WAEe] 9IS A 34
At AAFEE AARlel u]a 2o] ualw o2l %
Aol Wst] whatolc, 25 TEee HaskE S
£ oel SR ol5g Hashln 1 X8 43
slofslel FEZat UAIAAE Sk

 desdd S dudos 3ade B4

?‘%‘*JOVI il e et 24 o] Aol
2 pesiavoRt geEade] gakt A3 3
7 gt B8] M ARAEE 2920E Slstel 7))
Yol FAS ehAlstaE ulatle] W Eof Akl
A7t Wk 1 A3 Yshe 23w AR Aisiet



H-1x g AlE2fold 7IEh S DJAF

ne
B
O
ne
=
b
i
l?l_
re
-
|

Wt A=A 2, Ergtom g A19)
/o] Bl Aol Qirk. o= Qlsto] F&
shgol w2397 S FEo] WP
o} o= 53] o Weke s o S4d ¢
SRS 7HA A HER 2FE7) AANA ol thgh
o] dasjr}. ol thal P.C. Chen, 5 3d 7|
9] Alggold ZEET A2 AlEdold FE
Z2]7]= In House CodeE 7fdlsldom p.
Lesieutre 52 ] EZSF Navier-Stokes 7]9F] In
House Code &8 Algdold L= W 48 HAE 2
AlEdlold 2% LS-Dynas A 7PEst 52
Z A ZYLYAE ol8sto] g SHH W3k o
sfels 23S sashe Weke AR, aey
ol&]gt In-house Code 7]9F A& o]4H2 ThFet AR,
THIEH =l 285170l ofgf o] wam, A= 715
= AL 34 L AlE ol S/IWE E83t 5 glrke
ol Sl

o3t AFlAS] atol whek ANSYS 5t o] A4
How Fd, 2 AlEdold 9 7t A 32 dAsels
+ ZH YA gE A 3ske T2 13O, Model
Center 5} o] AlEgold AZE o7t A7 M
08 ok T AZE o7} APUEL Qlot AR
o] A% 58, 2 T sAVAlE 1A S/WE AEe]
Zo] FolEAT Hlolg o]Fo] &4th= Aol qlrh
ofo]l i =ZolAli= ANSYS 16.19] FZ L% sS4/ L&
Flo]d /W @ 7+ ANSYS 16.1014 Algsh= AR 3
gofj &/ Al=dlold S/WQl Fluents ARg-sto] F&jat
Z s/ AEE oS Rkl on = siA7|E AAE
L5 5o ZFAor 3o ofsto] WRPH =FEH
38 SHEE dEsk=s AlEgeld SWE A
ok ot & AlEdold /W 1714 Aol disiAe
W2 AL o] Fastu ghe RhE Alito] agth 2
A3} wp7gol uhm ARgSE7]of ofgfeo] wEth 1HER
2 =RoAe AFAAZII SRS o]-85te]
Algdlold SwWel 23t gES EYE 2 ol digh
S5HA welgs AR 5, o|F o]gsto] fHAF dar
& 7|Hke] A2 Hels paPsigit olF Bl & =
wolAE 53] Tl vAE Y 232709 dEeaA
ols Fadlpto M Ees Faslshy] 9IRh 2H
3t EAE Aok

Og% 2
iy
ko

o>
ol ™
)

rlr olx
oN,
= ok
o
Wy

i

)

ofd
1

N
o L i 2

)t
il
re
o

=
=1

=]

h

4

2.2 22 AlZ0lM ot
B ML SRS AgFHEOR o]2 9]

3 1o _1} f%
ox
ox
QL
b
o
o o
e,
ot
ox
W,
i)
&

X,

Mo

-
N

:cé

o

K

Design Modeler 2 Mesh Tool-& AM-31%Tt.
) A7 A5} AAte] HOAS Siste] T
2 AXE AgsIglon $54 ol 7 Tl
ol 23l EHlo] 4EH0R ARE WA
$ERS 2EW) U ova Belalol 74
staick. 2] % 74 oF soublele A5A4E 2
Aol Al Fig. 37 2ok

T2 Aafe] ofsto] Gr)7E M E
A& ARl BhdE 4 s HP AR 71R(dynamic
mesh method)2 AFg3k1o ] Tt Axke] RS 9
3}o] Diffusion Based Smoothing 7|5& ARE-33Th

2Z97l UL no slip BW(wall) BA=HE =91
ok 5o AAe 2% REE S8
7N #2208 7HE He dolet M ES d= dER L
2 AAsiglon 11 AAH = 9AE] 42 -5 (pressure
far field) A20S T3k & A -5 F42 XYH
He 7leom it gAdsiglon I AA Ml A
Z2(symmetry)E F{th

A} 2] 3219) Navier-Stokes H741S AM831%

J
o]

oN
ox 1o fr

qﬂi

do rfr
ol
ol

t}. Fluent®] Solver= %24 (59| 2t Density

BaseS AMSI M Tiif £2|2= Roe Flux Diffe- rence
Splitting 713 AF31{c}. 44 T2 Spalart - Allmaras
E ALgsI9l o, 2E2IUN9] gAfo] LA Alo 9
slo] A7to] whel WHaks AL wARl] olate] HAAF
(transient)H}A] 0 & &) A51ick

2.3 #Z M=Zo|d yet
2FIN = AlEeolde RRtaaiE ARESE

ol 2FWH 2 TS wAY silck et

re xR

ofs

H253 M3 20164 3¢



Fig. 4. Automatic builded unstructured structure analysis mesh
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Table 1. Design variables and design areas

Vzﬁiﬁaiflrtle . Lower Boundary Upper Boundary
Ct 35mm 55mm
SWP 35° 55¢
INBS 60mm 80mm
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Table 2. Optimization objective and constraint variables

Object minimizing center of pressure travel
-tive distance between Mach 0.7 and Mach 2.0
lift to drag ratio
>=
M 2.0) 3.38
lift to drag ratio
>=
M 0.7) 3.68
Const control force
-rai >=
raints (M 2.0) 1535.0N
control force
>=
M 0.7) 273.8N
safety margin >= 238
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Table 3. The Result of the optimization

Design and Result . - Value
Variables Baseline | Optimized Changes
Ct 80 79.2 -1%
SWP 45 49.5 +9.1%
INBS 45 52.8 +17.3%
C.P. travel (mm) 18.6 17.2 -7.5%
L/D 0
(M2.0) 3.45 3.44 0.3%
L/D 0
(M0.7) 3.75 3.71 -1.1%
Control Force 0
(M2.0)(N) 1566.3 1538.5 -1.8%
Control Force 0
(MO.7)(N) 279.4 274.5 -1.8%
Safety Margin 2.84 2.81 -1.1%
==
Baseline Shape
1
Optimized Shape
Fig. 14. Baseline shape and optimized shape
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