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Abstract: By Kirchhoff equations and Newton-Euler laws, we developed a general and practical dynamic model with
six degrees of freedom for an airship equipped with ballonets and ballast. A nonlinear feedback is used to implement the
transformation of states and control variables, and the minimum-phase system property is adopted in building the feedback-
linearized dynamic model for the airship. On this basis, we investigate the feasibility and the stability of the equilibrium
flight of the airship in a longitudinal plane, and the stabilization of the equilibrium flying paths as well as the tracking of
the desired outputs. The simulation results and the prototype test results verify the theoretical analysis and confirm the
reliability.
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2 2B (Dynamic modeling)
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Fig. 1 Airship coordinates and mass definitions
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B UETS: K R GE I P AT L A AN S B (£ %1
s B, AHRA AL T A0 2 51 R RFAE AR, (H
EEHERE R (rank(Q.) = 9).

3.5 B V-5 i 2 (Stabilizing equilibrium paths)

OVE A AT AR P e A M, RO YA T T
SETRME T RTRE, AR H e NS RGERHE, T
R A, e £ 1 1 R Gk N, AT A
N et 3 48 K (35)~ 3 (38) S it 2 i N\ 22 Hl
H (MIMO) Js 15t 2 A AR ke, ] I 24 il i S B K
R~ 17 FE 228 PR B, DA R KOE s TR R 3838 By e
)R .

FEXX = o X2 Xs Xa X5 Xel" = [ry1 —
Tyle Tyl Ty3 — Ty3e Tys Mq — Mge M)t M p =
[uw q O|"RGE M Ny, (t) = [x1 x3 x5, W
ZEINZ G RG] LARIR A

X=X+ Dy, f=r(X,7), (52)

Hoe o= [Upy, Uys, Un) T, kA AR TR ) B3, 1
JC# R B5)~BI L, A5 WA RO 7 B/ 1) 7T
., 2,06 x SNHBEDHI TCHE, WHEW 12 = Way =
Wss = Do = Do = Doz = 1, MG HE BN %
KT RAE R G A(52), 45T yre, Tyse Mg,
B RGAIE T PR, W ERE L = pe, x = OFN
v =0, WAER RGN EZH BT LR N
ft = K(fte, 0,0). (53)

]T

XFT “JH B (bottom-heavy) ” FEPE 7840 1) K R
g, LR AGUSE3) 28 Ha w1, BTl LA
ZGL(52) M Ay de /INHHIAE R 4, B4 AT s ] SCRk[13]H
&g, FiEFLEEGIHy = oy, W&
LR E.

X T ARSCRGR I CAE RS, HRIATA: ryy =
3m, Hryi|i—o = 0 m, MRIESTER[71IBF TR, 7] LA
FPEASTH) CRERG A “IIE” FetE 7.

EE 1 XN TATES E Wue, RBLED)
AP R G)HE & — A R R B e 1 % 3)
AZAGB3), Hy = oy, WY + Dol s R gE R
(Hurwitz) 51 BE, A (1, x) = (te, 0)RI Ky I FR B 25

iE7E (e, 0) 15, R MEMLFHI R B R (GSDIN
T 5 LA Iy
Ok Ok
{&% X (54)
0 #+9w

Hﬂﬂ:iﬁjﬂizﬂéﬂ%ﬁﬁi, W + Dl FEIRYER
(Hurwie) S, () R+ oA ¢
FIE PR R 428 1 R S8 IR ARF AR A, 4% R b0 s B ke, T8
A (e, O) HLAE HFR BN S I — AN R R 208 5~ 1.
UFEE,
AT LG $E LG A7) 5k 73 (PD) ¥ il 5 /E 4 KE RS
BRI B NI, Ao o SR EL, W
Uyr = @p1(ry1 — Ty1e) + @aitye,
Uys = wp3(Tys — Tyse) + @aslys,  (55)

Ub - wp4(mq — ch) + wd4mq.

4 H7fii H(Simulation)

L 45 € W WU M AT J LV, Bk &
FHE A TS 1) X A A T 28 AT R T AT I R AR
PE S HRORIACE (R & B0 ) 2 11 0 AR R
P oy R P ER R, BEI3M 45 LI s &
P, A 75° T R n) H AT 1) 2, fdE 4 AT 4
K WUaaE BRI 3N e 4 fT s B, e 3 48 B Aot #f A%
b —40°, 50°, —60°; K 1A ESEUE, A2
H LA 3K L B oA 1) B o A

550 r | ‘«jf/
L] : )
300 : 5 i '
0 400 800 1200 1600

x/m
3 KATAUZAT AR R
Fig. 3 Flight path and disturbed airflow
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Table 1

Airship parameter values

g my my mw A Ve gz p Cxa

Cz1 Cm1 Cxo Cy1 O Cn1 Jm

9.8 100

385 550 500 2.0 3.0 1.29 —2.4611 —9.8443 —1.5504 —0.2461 —4.9222 —1.5504 1.5504 14700

Jr2 Jizz Mpy Moo Misz Czo Cio Cmo Cho

K11 Ko K13 Ko

Koo Kos

14700 14700 1250 1250 1250 0 O O 0

—300

—-300 —-300 —-300 =300 —300

4.1 V-1 i 25 R AL AL 5 UF (Verifying the equilib-
rium paths and model)

RATHEV =V, + Vi, STV, (Vae +
Viwe)ie AE h — A HEARAE A, XA AR AE 23 B A
L (Vae i Vive), H5 01 52 TP IR Vi X KA1 17
FeoE AT, 4w BL “ 38 m 7 56Uk, JLH
()2 K Vige ANV 20 85 SR 1) 1 28 2 Ve = 0,
WINVe = Vae, AIINWVGAAEAE; 2) HRAE W
DT Vae NG L, 70 A F 30T Vige.
FEOFNALIHN AL N FH 3375 R AIF 5T B SR v 5 1 A
PR, BT A0 Y E R YA L.

2 HERERATHRHK
Table 2 Parameters of steady flight

B BF P B R

&/(°) 20 —-20 30 —-30
Va/(ms™1) 2.0 2.0 2.0 2.0
ae/(°) —4.141 4141 —2.5293 25293

0./(°)  15.859 —15.859 27.4707 —27.4707
ue/(ms™1) 1.9948 1.9948 1.9981  1.9981
we/(ms™1) —0.1444 0.1444 —0.0883 0.0883
—0.6989 0.6989 —1.4582 1.4582
524427 77.5573 56.6776 73.3224

ryle/m
maqe/kg

A3 BERATAHK
Table 3 Parameters of steady flight

A FAr My BT FAT

Val(ms™Y) 2.0 2.0 2.0 2.0
ae/(°)  —4.6001 23191 —2.3622 1.5230
0/(°) 137379 —29.8004 29.2998 —41.9223
ue/(ms™h) 14977  1.6826 15013  1.7609

we/(m-s~1) —0.1205 0.0681 —0.0619 0.0468
ryre/m  —0.6382 1.6507 —1.6291 2.6373
mae/kg 572060 70.5316 60.5367 69.6368

Ela~6 HEC P A R, e, = 10 s, 5L
MAB L) (RIVE, = 0), 22X W% 6i2) (BT
ATV = 0.5 m/s), EAT5 0k 7% B Bt B 1] A%
B, DL RCRE 2 () Ay B AR AL, IS AT AR A B

B I P 22 A A\ R A A B, B HRORT T O AR
K, oo KHEERBITE R i B .

&1 4,570 %% A B A BEAR A IR S 22, 3P )
NI, Br AT AT T, WHEAE 21 2 it
RATBURARRE PRI EEAN R P T RAT B HAE
Fedie AT BUA S AR R ARREVLAC S B WAT Pty
(K0 2 B fel; TR, 24 0328 A 11 2 A B 4 R OK,
ARG I gl 77 3, i A O 1 B, i 2R
S SO A AR (2, 158, IRIEF = ma,
M RIHE CRE_E /9 54 g At k.

600 T T T T

E 300 W‘HHH_ .
] 0 1 1 1 1 Eieia

0 250 500 750 1000 1250
= t/'s
‘:" 2.0 "J_.——TI.— T
=J .| SRR “"‘1_--1'1’—]-_----, ST T |
— ],D 1 L 1 Ll L
= 0 250 500 750 1000 1250
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Transition curves of vertical plane states
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tl's B I LD, B BN A, 7R 0 H, e =
£ Immeatis 2 LN, i J R TRE RN IRV R, (32 3 D K, 4
A =T , , l RS T R IR Bl oK

0 2o 208 GO 3) s/IMHAL R G AR T DAHE) 28 13k

= D . T B, B0 SRS ME R B0 2 £
C | ' | B, R R I 3.571 s )y A
& 6 250 500 750 1000 1250 Yo(t) = [x1 x3 X5]" =

tl's [ry1 = Tyle Ty3 — Tyge Mq — Mge] " = 0,
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Fig. 5 Transition curves of ballonet and ballast
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Fig. 6 The position of airship in inertial coordinates

I LG54 B0 &5 R B4~ SRR 2~ 3 1] A1, 1 AR UE
0L FFVLORNAS [ A AN R LR, AT
PATAL I EMVA RS E), T TRAMEK
AT AT, AN A AR T AT, I TR
el BCRRE 4R 7, 32 R DR UL R it
J5 1) 55 RAT O T AR e, (B T 90U At g )
5 AT 5 ) — 2, BARREDRIE KT RS INER, HIF
AHERF HH RNEAE B2 HLir BUdiR ¥ A2 /N 8, 1K 5
FERNIE TP EAR TN 7 18 AN A e E .
4.2 B V- #5285 IE (Verification of the stabi-

lization equilibrium paths)

AN F AT IS AN B KOE 2 A
A BEBRR TR, 7 #PR 22 BAR A 0 R2 P,
Forp A A SRR 1 A R AEL 5 3 e SR AR R AN
SHENIS BNG A 2t A AN3 170 ZE SR (1 B, L
e R 5 A 3571 vk Y 1 R A8 S B E, R
HEPDF I 48 1 B R AR, 4 th Toopy = 10K
)Moy = 0.10REZ) IR DL 05 ELAT L.

17 45 R T~ 0] Ji, B T REAS 2 AI4.177
F3BAHRI SR LIS, I IR — 484518

1) BB SN I8 R K, 1 A =048 0 s e i
LR PRI IE, AT A7 A, 2R A
3X HLAR) Hs P A 2 M R AN 52 3. 1715 2K ) PR

BT s, R R 09 1) 1 R O R e A B B U B )y e,
Tyge Mmge, XA GHIRAE I 81F LLEGIE;

4) P8 iy hnod 2 L s i K IR 2, HLIEIg
(g e 3k BT &, I DL EAR T 5, 4.275 1 s
PO 32 )45 671 e T (R 7 V4 KE
ARG K IR 45 .

550 T T T
Y |-/\/-\\ -|
tq 1 I I
3000 190 380 570 760 950
kK
&
.
—“} .
g o
~ -L0 : !
= 0 190 380 570 760 950
= t/'s
o034 T T T T
o [
] s s e a—
= 0 190 380 570 760 950
t/'s
o 72 . T . .
T ]
0 190 380 57 760 950
t/'s
R 30 T T T T
= 9 ]
= -34 1 1 Il 1
0 190 380 57 760 950
tl's
K7 3 EP RS I I 2
Fig. 7 Transition curves of vertical plane states
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