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Conceptual design of stratospheric airship based

on particle swarm optimization algorithm

LIU Duoneng, YANG Xixiang, MA Zhenyw, HOU Zhongxi
(College of Aerospace Sciences and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Minimizing the total weight of a stratospheric airship reflects the design object of lowest total cost to a certain extent. To meet the

power requirement of payload is the springboard and goal for the conceptual design of the airship. The model of paving solar cells on curved surface

and the model of energy-closed loop during day and night were introduced in the parametric modeling of the airship. The particle swarm optimization

algorithm was used to optimize the parameters of the outside size. The design object is to find a feasible airship which has minimum total mass and

satisfies the constraints with three balances: the diurnal balance between the energy supply and the energy requirement, the balance between mass

and buoyancy, and the balance between drag and thrust. The sensitivity of the optimization results with different requirement of payload power and

payload specific power was analyzed. The analysis results show that: the total airship weight increases linearly with the payload power; the total

airship weight decreases steeply with the payload power density, but the change rate of the total weight also decreases and the total weight tends to

be stable. The results of energy system simulation indicate the validity of the conceptual design method, as well as the critical characteristics of the

design results.
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Fig. 1 Geometric parameters of an airship
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Fig.2 Spatial location of the sun
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Fig.3 Sketch for paving solar modules
TE R ARSI B Pt A4 Bl 2 T AR
R BTSSR TERERE KA BT, BE
R S DA RS F P YAe (= R N LR (AT

VER— B R AR 5, 44— T B, st REE

1o L AR R TR A T A A T ], b

PR AR = RENE B0, a0 S X A4 1 AU NI 4T R

W JETE 1. 3.6 T I RE IR LT M R, XA

EEEAE IS EBETEER

1.3.4  KTad A7) 5o dir N 2h 3t AR
Sk T R B Rt P 47) 2 T 114 AR B P

PR IR (2 BT M5 R m i B IR 1 Sk R BH 7 1)
[ e AR B AR BR AR
S, =T,S, (22)

K, S, S CHE AL AR R A K BH 7 1) ) i, T, 0
HiSF- AR 7R B AE AR B ZR 114 AR BRI B
H YU ZHL A7 ) A SR S 2 28 4 R ) R A
YR
SIsN,-S, ,N,-S,>0
Pz{ 0 ,N. - §,<0
b s RAMERL. N, - S, < 0, %5 A FLEY
FILLE BT AE YIS R, 4R Ak T35 6 i, 5
UIRPIE S TR U
RSB HEAS B 20 1 K BH B A SR TR BT A 4
(EREIESEYIEo R

P, = i P (24)
P, n SRy K P PR A A BB 1.0 R IS P PR S5

(23)



4

X ZRE , 55 38 APRL T REUC AL SA 1 P2 R S A BT "33

0 & S NIELIRE) R

M, =nS. P, (25)

T, S o A BH R M ZH A T AR, . S DK BH R 3l T
1.3.5 h&EFRER
AR E -

p payload = M payload payload (26)

=, M ayload ,ppaylnadﬁjguyffﬁ%[ﬁﬁ P I i S )%
W

KRBT BTN

P = Priond P + Pionral (27)

P AT R G (T R GE) I R GE
tle RY 5 BN
1.3.6  MIRRER A AR

HEREIR AR G A A R A T ORI
F, L5 i B P Y BB B AR 1) B ) B, 7R T IR AR
GG DA o 8 R 253383 N 24 Gk 8 /N e S, R T 7
SR H S H 7 e )R 4 T Rl UL T A v
IR R ZE o R FHAE T ) [A] HEE 1) AT IR RE TR R 58
B

er(’, = f (Psolar - Ptola] ) dt
FPeolar > Piotal
0<r<24
Qi = j (P = P dt (28)
Peolar < Protal
0<1<24
‘Qexcnconver( - Qli ‘ <e

A, Qo o — K 2 v K BH RE 1l 2 8 I T Pl 75 5K
Je BT A% K BHBE , Q@ o 43 KAk BE L LAY £ HE r
L Meomen AIERE LI FE BOH BB, TR &
— /NI TR, W RE IR AT S IR BR , i E P
F18 Jo U P A A
my; = Qy/( Ndeep * Pn) (29)
TN N ooy A BEHL ML TR L, py, 0 i BE FEL VL BE
1.4 EHERRERE
T2 BN
F.,=p.V.8 (30)
g WEITINEE
RIS B B s e, 25 s B R e
M THEN pu. , WIS BRI EN p. » 5
JESEBR N T A 5 RS B SR i 20% , W) 201
A B 5 N A58 B S B
My =ppe Ve (31)
My =120 S, (32)
AR 3 T AR S RE B A RR R G LA Y

A, S RN T AR T | 5% R R
RN
m,, =1.2p;, x0.012 1V, (33)
TR T
My = Mgy T Mgy + M+ 1My + My + My, +
M pioad T Mgy T Mg
(34)
HH M HAE M R GG , m, Ry T (R HE
e 3 £ 7 5F) i, iR AL (35) 3T
(X
m,, =0.25(m,,, +my, +my,,, +m, +m;)

(35)
2 FA PSO BiEKME CRESHMAL BT

2.1 fR4L 18) B 3L

FUZE KRR AR RRL | BETR R GEE i B 5
TR S IR/ MU RE— R b S T B IR
Bt HbR . RAER SR B AT LR A, LA
SE R BARREL, DL RIERIINE S8 o, F1 f
PSR AR i, LATE TP AR SR R AR A A
[] i«

min J=m,,

w.r.t a,, f

s.t. M8 — Fiw <0
Horp, RS A B -, T L P (R 3
1EC(8) HEE RGER I A b, RE IR -1 14 30
TEMIRBEIR R A h, 2558 KRGS, 7]
AR = (28 ) B U e A oK BH Ha, vl 5 6 B PR
(L=
2.2 mFBALEE

i T B G Ak ( Particle Swarm Optimization
PSO) F3k J& i1 Kennedy 255075 5 2 B £ f95d F
BEVA — b 3 T BHL RN 0 42 R DA EE R
PSO Rk e e Ml tn Ak —REREALRL 7 (T TERE ) , 2R
Jrr e AR, P I e B RN R 4R
S o BRUGERH, RL 3 i BRI AR (D
SR ER SR H O o PSO SR AT LA I T 2901
ALK AR, T PSO Sk sk il AR
AR R B BT PR, AT i 2 ) AT 2 mOF
FHER, AR PSO 39500 K i oK A 2 AR Ak )
B AR R 2 i AR i
HATAARATRR L, F S T SR 225, PSO 5
AT AR U 2 AR A ]
2.3 AR

IR R 4 FF % B L 1 ~



£ 54 - Gl R RPN

537 &

L4 S5 AU 345 A0 KRR AL &
G BEIRBRE D HIE T =RV HAH,
PSO SEMR G B UGA AU B A RS T iR/ B
A INE R (ay, ) BORLTFREEA T —
UGB, BRI

G

<

| TR |
v
[ sy e |- B
v
| sk
) "
[ w0
v
| HHE ) |
v [En
| wwemes | / FHes
¢ A
min J=my,
PSO% wrt  a,f
st m.g-F . <0 .. T

K4 ESMEL R K

Fig.4  Airship size optimization scheme
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