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An Integrated System for Aerodynamic, Structural, and RF Stealth
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ABSTRACT

An integrated multidisciplinary analysis and design system plays a critical role in the
preliminary design of an aircraft. In this work a system based on the CATIA is developed
for multidisciplinary computational design; aerodynamics, elasticity, and radar frequency
stealth. Common data base of geometry and rectangular grids is generated and used for
aerodynamic and structural analysis, while derivative triangular grids are generated for the
RCS calculation. The panel method (PANAIR), FEM (NASTRAN), and PO technique are
used for aerodynamic, structural, and RF stealth computations, respectively, and several
additional algorithms are developed for the effective communication of the common data.
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Fig. 1. Outline of an integrated process

#AHF
(Ap2t> 212Y),

Pane| SJE{Ie) 8t

=
‘

P EAA A 2~H Y PE
of EFAHAE HELIE NEFIE
gon, vy 7ied ﬂ%hz}oﬂ/\i”
B A2" 2doA HAHzE 2RE
TH1]. sFAE AAEA 2 s Mo B2 Al
A2990dE @yo] U =¥ FERAAYG
Axte] BYAE 8] FHAA Y FF 4H
FzAR Y BEEA EEANIIZE oH S
FzAR] BE WS FEAR BX
ojg] e EAA[2]e] HA T
Ao E AR ATl A3 A
o] old CATIAZ BAE F¢ 2R
& 5 gRol 24 A="E T3}
7t Rot sjao] AFT UH
Bz HEsr] 43 Z=E 7HH‘6}%1°D1 &

o %ﬁi}ﬂl ot

[me
et
;:[m

nz e rSl
o wo A

tlo 4 O

<

> 8 oms ok A Ay

)
N,

Ack.
zEHHEL o} SE 2L 2SS FGd9 Aol
75 HYESQ PANAIR[I0]Z 24341,

Tz 44 FEM 483=<9 NASTRANS AH&
sl th RCS e AdudA AN FE A

45= =833 7] (Physical Optics; PO) [4-7]
& o] &35t Fig. 1& 758 Fa4 A=d
o] BELE HoFEh

n. & £

2.1 A7

tH
4
278 F99 FEHAES A% obsH
PANAIRE Eo]d] Linear Source®} Quadratic
o 2¥A7 ME Hud sg zzolth
B gEe ke B4 99 wEA, o
59 44 ded 580 nE FAE
AAZAL Doublet G217

ol R

Y AAzAL Agsged, Ade Z= U
A4 AgeR ARHY, AL Had 39T
SEWG 249 A% BYx, 2% 242 o8
shed s
212 7= A MIIH
FrANE 2719 @A FAAA Aua
gaze Tao FeasPANe A% o
Fug o] qgsel 7z Wde Fach A

OH

[K{u}={F} @

G714 (K& w@das a9, {u)e
AW PuE, [Fle 7 2 3&‘*&01]/‘1 ?3}173
s e ot} s14& MSC/NASTRANS A}
g3l Fstgon, CATIAMA AZT HAAE
o] &3te] PATRAN Aox FH3FS EXZANA
o} 27491 Shell £49F CQUAD4 Aztd axs
g
2.13 RCS all 47|y

E-2] 338 (Physical Optics) 71'H2
#(Incident Field)a Az o3 4o &
A ¥do] WAEE Currente] B3 AR S o]
£33l RCSE Aitste wiolth EA7E &4
AxEAY A%, 238 7|l o5d A4 &
ol A 9] Current (/) ¥ ©h&3 Zo] EddT

o=

—_ [2Ax H, WA

’

o, n ERe YHWE, HE %w:a% #7)
#(Incident Magnetic Field)& JEbATH 24 (2)
o] W Currentd] oja] N&EH= 7 }%}(Scatter
-ing Electric Field)& F,, YAl A7% & Ezx
§W RCSE Thew o] uerd 4 it

. LIEBP
RCS(m?) =limdnr* =5 ®)
RCSE dBsm @92 uehd, m e #AE
e 2t
2

RCS(dBsm )= 1010g10[R—CS(T—)] 4)
Eg%s 7|99 #ES AN 7o ]%4‘—1 el

94 Missile @49 A@ga Alwg 2H=
Figs. 29} 3o Uegch dFgke] o8 ‘32

1% gkol
Ay Ao AT Ae HAT F Ak



88 Hpw = .

BRI @

RCS(dBsm)
m

- A
| —@— Theory
\. v POMethod

10 12 14 16 18 20

Frequency (GHz)

Fig. 2. Verification of PO method (sphere)

5.4GHz_HH-Pol,

| —8— Measured
< PO Method |

RCS(dBsm)

Azimuth angle

Fig. 3. Validation of PO method (missile)

22 CATIASE o| 83t AXYH

£ A X}
e Wl BHX BolH WEE
71%3te] CFD Z=Ad 97
FEF S A YRl Wz AAE Y
gda7t gtk wepr] CATIAE o83t d7ist
Ho Mo AxE AA3Ach AAE xAEAAE
ol g3te] AdRE YERA WEo] 7t WP
ZEE NEstgn. FRAR A e CATIA
9l PATRANT}¢] B 3to] 7bsste] FelaAld)
AEEHAY FY AAE 2t EYEY & A
o] 7&Y FHEIE FXEAY HLRE HIF
(Interpolation) [12]8}= #A S Agd = Ut
Fig. 4= CATIA 7]% % ‘Advanced Meshing
Tool' & o] &3} Jﬁk—iiE—J 3| Ao] ThEdtEE
Axg FAY Aol AAE 6004 AYg
g3t TR, SRR} 24 el
= oA, 94, 4 Tipe g Z4E =dsiA +
PR
222 RCS 44Xt

RCS s 478 ez o] Azt

A28

Fig. 4. Panel code grids generated by CATIA

Fig. 5. RCS grids generated by CATIA

Yol FHZHAEZ CATIA ‘Advanced Meshing
Tool'd| A 'Split Quad’ 7]5& AM&ste] 44¥
Axz HEdch AR JRE Holy 4oz
ARe & wgra=g Fs RCS a4 =z
N A ALg-o] 7hedt dEnd FeE WA
2.3 S A Z
231 39 sl Mz

Fig. 6& NACA 0012 ©d-& 7}3 4309 &
F71 2 T4 4HEXE Jeld Rolth A
A2 wlElg 0.2, -7 125 240A 3y
t}. Figs. 7-8& 7] Root ¥ Half Spandi A<
GEAFE AAH13]H Blg Aojw, & o
A BEAMY 235 AYstae HPgH AY
QA A FAT 5 Aok

Fig. 6. Surface pressure distribution of a
wing (M=0.2, AOA=12°)



# 36 &£ & 1 9% 2008 1

HlalH 3Y-TERF 282 BN Alame 28 AT 89

At Center of Swept Wing

15 —
- _
° | —@— Ref
O Panel Method

-1.0 Q

Fig. 7. Pressure distribution of a wing at the
root section (M=02, AOA=12°)

At 50% of Half Span

9 t— Ref )
3 O Panel Method !

cp

Xic

Fig. 8. Pressure distribution of a wing at the
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