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Conceptual Design of Stratosphere Airship Based on Response Surface
Approximation in Collaborative Optimization(CO/RSA)

Zhao Xinlu, Yang Xixiang, Hou Zhongxi, Ma Zhenyu, Liu Duoneng

(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Aiming at the multidisciplinary design optimization(MDQ) of stratosphere airship, collaborative opti-
mization algorithm is led into, Execution procedure and feature of CO/RSA is analyzed and building method of
RSA is introduced. Multidisciplinary models of stratosphere airship are built and the coupled information in sub-
system analysis is supplied by the RSA. In addition, the system optimization model and three subsystems, in-
cluding aerodynamic/propulsion, structure, and energy subsystem, are discussed in detail. The design object is
to find a feasible airship with minimum total mass based on CO/RSA, The design satisfies the constrains inclu-
ding three balances: the balance between the energy supply and the energy requirement, the balance between
mass and buoyancy, and the balance between drag ant thrust. Results show that the multidisciplinary models of
stratosphere airship are rational and the algorithm of MDO and CO/RSA in stratospheric airship’s conceptual
design is effective. It can be as a reference for stratospheric airship program demonstration and design.

Key words: stratosphere airship; multidisciplinary design optimization; collaborative optimization; response sur-

face approximation

0 3

FREVERITREZETSZ I ENBRTREA
(R3S A BBRS), B TREMRSHER

I}

o7 B H :2016-06-21; & [E AP :2016-07-17
E2WH :BERRASEXNETHK BT E (GFZX04060103)
BIEEE B H#  nkyangxixiang@163. com

ARG, BEAMBLGRIT T EEEZB TERZH
HFBEMA, BRRITERAEEREZATT. £
2B % 40 kM (Multidisciplinary Design Opti-
mization, ffj #F MDO) & —# 75 43 F A R Z [’ 19
MEER BHRANFRENERRITEAR, 2
FENINEEENR,

6] 41 48 (Collaborative Optimization, faj #f
COR—FR M MDO RIBMILER. 58K
ZEPMRAL T B A, CO RUBEHE 58 40 F) 25}



%33

FRLBT Be  «  T W NE T BE AR B0 P 3 KR B R R T AR 363

MWL AALRE ST, TEAR KRB B T RE 48 IR
BoMARSHESENTREES, ZRL LT
P REEREMANZ R ENREE . CO ZH
1. M. Kroo %% F 1994 43 1 9, R. D. Braun'™
B E TR BT T IR 20 BRI DAE )™, B R
BEMUEIBIEN T RAERRAT S FE
MM, CORMREHERTERRRAEDH,
& FRET U TR .

WE, NE#EZ¥EXN CO Fh#ETT k.
N. M. Alexandrov M 2 T s N F ik, B &4 =
AR RAER AN AR B, 2= 50 48
TETHSHETFH CO Bk, AR BA
—HfERANBEBMAARE F ;5 L P. Sobieski &2
T EET R REE R CO Bk , F) e Rz T 3K 5k L &R
SR —BHES AN AL S R T ET
RER CORYE, FIAENNGE. B RRERENT
YRR R &

HEL,.COTELZNMATHANMBE RS, M
EERERET AR D . AL G CO FmE B
iE ) (Response Surface Approximation, & #
RSA) H AN M #E K sh /. . S BER =1
FRERFRE EHTRITL.

1 CO7ik

CORTRBRRAGEWR IR BE LG H—DFR
HKREMENERF FR R UFGHAEBAE N
AR CO GHERMAE 1 iR . ATUEE.
W R AL B — A SRR AL R B % T AR
BHESBRHA . 52NN ERHEXNEEELSX (2
R R MRS 2R A XN ERX (HE
Wit RE), XX H¥RENSH N NSTFE
X, X. X JMIX, X, Xyl
AL B AR EZ R G g WIRHXER B4
R NANERHEZENT T g g gnl. R

<s. t. gij(fz"xi)<0

REMARRHERZ =X X,],H+X.E
AEX ERNBAL R, 55PH T f X5,
ARG MM sER/MOBRER f W BRER
BIHABHEZ AN EENERME N AT
#0Z. Z, Zy].

R
min fI2)
st J=0,i=1,2,* N

Zl

A

T T

ERERAI

ERGE A2

Iy

ZN

ERGALEN

SRS

11

gl
‘]1

X,

X,

Y
gz
‘]Z

XN

XN

Y,
8w
Jy

[t s

SRR |

B 1 PR AT s i A i 2R

Fig.1 Framework of collaborative optimization
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Fig.2 Multidisciplinary models of stratospheric airship
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Fig.4 Framework of stratospheric airship
based on CO/RSA
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Table 1 State and design variables of system and subsystems
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Table 2 Input parameters in airship conceptual design
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Fig.5 Optimization convergence history of total mass
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Table 3 Results of conceptual design optimization
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Fig.7 Mass components of stratospheric airship
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