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CONTROL SYSTEM DESIGN OF NEAR-SPACE
AEROSTAT BASED ON SIMULINK

ABSTRACT

Near space aerostats discussed here refer to stratospheric airships. Stratospheric airships are
lighter-than-air vehicles, working at the altitude of 20km in the lower calm part of stratosphere.
They can be used as real-time surveillance platforms or space transfer platforms and have
significant applications in future environment monitoring, emergence rescue, and civil
communication, etc. Stratospheric airships have attracted many countries’ wide attention and
in-depth research in recent years.

Stratospheric airships have a huge flexible structure and complex configuration of
manipulation mechanism, including pressure/buoyancy system, pneumatic actuator, vectored
thrust, and ballonet, etc. There exist redundant manipulations when using every actuator to control
position and attitude. When rising from the ground to the working height, stratospheric airships
are easily affected by the environment. So, considering large flight envelope, the dynamic model
and control system design have become a key problem in researching near space aerostats.

Firstly, the dynamic model of stratospheric airships was built, including environment model
and nonlinear aerodynamic model. Secondly, the staging plan and control allocation were used to
design the control system. Finally, a digital simulation platform for the stratospheric airship was
established using the MATLAB/Simulink environment. For a stratospheric demo validation
airship, the simulation results of the whole flight from rising to return were given.

The results indicated that the motion characteristics of stratospheric airship could be reflected
by the dynamic model and the switch of flight task could be achieved by the staging plan module.
The flight control could be achieved by the staging control strategy according to different stages
and restraint. The redundant manipulation could be solved by control allocation. The results could
provide reference to other flexible aircrafts.

Key words: near space, stratospheric airship, control allocation, Simulink, digital simulation
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AR e o 4 ) o] DAJE e 42 il B e e A i, DA e AR B A 70 R 2 K/ INAI T TR) SR S
Y P R A ) AT DB e R D DA R e AT T R B R/ INR T 1R SRS 1T K AEE T
TR ] LB AT — B PN URIAE RSB Ase B[R —42 ) H 19, R a iy LA4 [F
BHEF, 505238 RAS [R14% il 18 1S & A IR YR 2, DRI AE RIEAS R RAT P B &
R B E A RPN, T UK PR R A RA NG AR .
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& 2-1 YDA S EERERIEN

PR e e i RO
i

ff i v Y

fifi v Y

i J v

s J oo !

e VT RophiZiEE i HE R

2.2 KITIMEEIR

KHE KT B TAR R, T RSB R . KA KU R 2 5
KEVELL, X CER TP R R em, R E THRSERE . K. BE. KSR
1 LR o A

(1) RAEE

R/ P B A W PR 80 B AN T A8 /0N, AR A U AT LA R i 1 A R kAT 1520,

H=R,h/(R,+h) (2-1)

1.225(1-0.225577*H)*** 0 <H <11000

p= 0.36391766( 1576585 (H-11000) - 110900 < H < 20000
8.803471e % (1+4.615740°°(H —20000)) ****# 20000 < H < 32000

(2-2)
X, Ry NHIEREAR, h oA RATE .
(2) RAIESE
288.15-0.0065H 0<H <11000
T= 216.65 11000 < H < 20000
216.65+0.001(H —20000) 20000 < H < 32000 (2-3)
(3) KAEHEEY
101325 x ((288.15—0.0065H ) / 288.15)>**°® 0 < H <11000
~ H-11000
P= 22631.8xe 6162 11000 < H < 20000
5474.86 x ((216.65 + 0.001(H —20000)) / 216.65)*****? 20000 < H < 32000 1)
2-4

(4) Rty

2 T T R 208 75 30, 78 KBRS RS SRt XU 3 9 1 AR . KA AL
FE R WU I 2L

BT — ARS8 P R A I 2 KU R A, % i AR LI TR B P LR Fr) T 22
ff, R AR Rl

RIIAE — 512 KUGHAE — 5 IR [ RIER 2B AR A 3R BN XSS B 2 B Bk -7 1] — €
PR L RZACE, 2 BR o KU T B AR AR KT AR

FEIRC (R — PRI o) o vt P TR 1A, AR 4 S IR 2 Ak R B L0

50&;
)
=il
pi=:
w
N
=
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AL OFS
Ve’ SHANGHAI JIAO TONG UNIVERSITY ETF Simulink BYIifmiE s 8); 2 a8 8485 R 0% it

KRAENR — —HERBESEEHLR Rz 3.
N T AE RIS EGE PRI BRI IE DL, 75208 UL _E DU R RO BEAT Blin . F A WA

V =V, +Vog +V; +Vi (2-5)

Hef, Vo PRI, Vg ARTIZE, V, EERG Vi, R E

O SCIRF AR B IR I R R 1 2R S BRI L R4y B 5P e AR ],
FEARZS I BOM S L L) 0y 12km AR JRGEABEAS, SXR DB T R . I EL7E 8 KU
et — s R EA MBS, KRR E I T R, AL S RIS T
Y EAEAH ELAR BN o S e SR B ) B A 2 IR AE /N T Imis BTN, BERRKIN
sl PIBLHATTRT AT P2 KB R A D R

XEFFEIRG RONREAN T (SRR A4, R e T B FE AR/ irER, A
W3 RE TR RIX 3, 02 DX R (R A — e 7 BRI R B R G s, X AT i 4
i, DSBS R KA X7 A I . O SRR Bk, ASSCAE A SCHR[38] I £k i
AL RSy K A 9 R AR TR e S S

R~ 229 /N BRI AK AR D KR AR T8C KR 8], R P e v o i S X7 AR AR, B4 IR K
/RIS T o A BB 22 IR G it (0 KGE 73 &, 45 2 QR (1 XGE 73 B A = EEVE L 0 £ 20km
Pl [OEPREwIp i

w, (h) =3.770h' ~12.558h° —9.1512h° +50.2420h"
16.3696h° —73.9562h° — 4.4017h + 42.6254 (2-6)

w,, (n) = 4.5571h" — 4.8683h° —16.180h° +12.8161h"
+17.7469h° —7.6892h° —3.3630h + 4.5189 (2-7)

Horwg v wy RARRRRILR, 3By TR m iSRS, K h Ak o b,
h=(h-u,)/ 0, u, =12135 o, =9022m.

45 T T T

East wind
North wind

40

35

30

25

20

15

velocity of wind (m/s)

10

0 0.5 1 1.5 2
Height (m)

B 2-3 2% IR Rl B A A 2
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2.3 IIEYRERVIETNFE 1

ASCE B AR RANURAAAR FR, L ALRR RATHLITARAR 3R, & A0h5 AR A T8
Mo 545 CATRAFERZ, CHENURAPR R 58 B AR R IR AR EAE BTG, T2 HUE
HARFH L

1. HUTAE B 5 O, X, Y, Z,

J5 i O BT b FOREE E 2, O, x, FHAEACH I, FFH 4RI RATHIZ: O, z, MHEE T
Hull, JFF4RIEM; Oy, i thAEKF I A JFIEEL T O x, i, HAR LA T MiE.
AL A R T A, ASCIEHLTH AR RUCHEBIES E R, FARIETER.

2. HUARALFER £ Oxyz

JR O IUE RER AR A, ARFR RS RBERDZE . Ox Bl E CBEXTFRF TN, SHES
PR THEIZ AT, TRMMESk; Oy FiTE B T WREXFR-F 1, FEFMES A M; Oz Fhfe KHMEXIFK
SFIHIP, 5 Ox fli e B R MM & T 7 .

3. AUAARR R OX, Y,2,

JF R EE CRER AR 0 O, Ox, fills YATHE M EY K5 —8; Oz, £ CREXFR
PN, 5 Ox, EEIFRAE S R Oy, BE T x,0z, P, I8 HMES 40,

ALK 8 [A] (1) e 4 ST RIS Bl 7 AN T /D (R B AT, R XA e 434 FH LE
AR AR 2 H 1) 80— 2035 8 AR R, FF B STV S ANl R I R DL e Ge e &%
R TR TR

HUAALBR 55 H T AR AR 2R 2 (A1 06 22 B KRR = AN EESMifoe, B AR I/ AR
¥, e, wHgFRIR. Hrh, (i 0 e PLiRH Ox SHF IR/, PLUEAER
SKONIE: WATAR w REARHLR S Ox 7EH I _E (52 5 kil O, x, 1] I £, AR A i 9 1E 5
TREE A ¢ RFENLIR H Oz 518 I LR h Ox (14 T [F] 1 I f1, WRE ) A5 VR L ) S 0E, 123
FT7R o

HUARAAAR R 5 SAAAR R 2 B OC R B EII A S A e, RIS (30 AN
1, Al a fl pRR. Hf, 0] o IR ATHEE RV £ WX FRT I _ERHE 5L
ikl Ox e ffy, LAV MIHEEAE Ox fliz T oNIE; MNE A pRTEV 5 KX FR-FIH KA,
DAV 4b T YRS RSP I A M A 0, dnE2-4F 7 .

B 2-4 HRYEAAAR R AN LA AER R R I

s
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B 2-5 SRALH RANEAIT R X RE
BLARASFR 5 Oxyz » T BLEIE BEEAR KR 3R O, x, y, 2, HEAT T U0 (AR S = 3
Pid CORH IR AR EN), 107 Ui A 5 Ox,y, 2, 550 o R A 8 e
FE13 . S LA DB PR A bR R B A 28 1 A A LB O A bt 28 B L A b
RIAFRESIENE, H9ER, R, AT

Ry, =| sinycosd  sinysindsing +cosy cos¢g  siny sin&cosp — cosy sin ¢

—sin@ cosdsing cosgcosg

COSy CoS@ cosy sin@sing —siny cos¢g  Ccosy Sin@cos¢@ + siny sin ¢]
(2-8)

Roe =

a

sin g cos 0

cosacosf —cosasinfl —sina
sinacosf —sinasinf  cosa

(2-9)

TR E BN 7 R A B 2 R T 2 e A N B T A R 20 00 DA B KA A
LR, TR IEE S I 1 LTS SR 5 Rk

B GBS, AT IR IHLAEASR R O, Oy, Oz M IR R4 u
V. W, HUKRHEIE RIS MERAEOX, Oy, Oz MIMARAFHp, q, r&
e KA T U R ERIRS, AMR AT R O, X, HI7 A AL RIRS X, » WO, y, HiJr
BV RERS y, o DA O, 2, iy Tl T EL (S —h -

IR T T 0 GBS 2 50 AT 3 =7 ) _E BB Atk X .y, Fi-h,
h BL A8 b S BT AR R 2 I 6 R T DA 3

>'(g u
Yy |= Rgb v
~h w (2-10)

FH EE T DAHE H

X, =Ucos@cosy +V(sin gsin dcosy —cosgsiny) +w(cosgsindcosy +singsiny)  (2-11)

¥, =Ucos@siny +Vv(sin gsin gsiny +cos #cosy) +W(Cos gsin dsiny —singcosy) (2-12)

12 U 4k 37 W
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h = usin & —vsin ¢cos @ — wcos ¢ cos (2-13)

FIRE, EALAAAR R S ALAR RZ B R, S HBEEMEAE (6, v, $)
SHUEAAR R A AEE SR (p, q, r) ZIAKRRN. BEMBLE (0, v, §
FEMB T AR AR 2R 1 BN

—@siny + gcosdcosy
Ocosy + gcosdsiny

W —psing
NS
—0siny + gcosdcosy p
Gcosy +gcosfsiny |=R,| q
W —$sing (2-14)
FH G TT DAAE H
= p+(rcosg+qsing)tand (2-15)
0 =qcosg—rsing (2-16)
(/):L(rcos¢+qsin¢) (2-17)
cosd

H(2-11)~(2-13) F1(2-15)~(2-17) 2t T RHENL AL AR A MBS T, BN RIER 12 82
TR,
S a M p AT LNHIESI SRR, RIEXHNMARE XL, F

a =arctan(w/ u)

B =arcsin(v/ Ju? +v2 +w?)

2.4 BIE XN NFEFE

BT NIRRT 1% CIER B 7722 240 R LIRS & 70 i A B S sh S AT AL
IE, A PAEESTZ WAEMARZ BN I 2 0 A,
AT i, AR T LR AR RS 2R Oxyz B8l ) A Y AT LS N

MV =T, +T,+T,+T, (2-18)

Horp M OB TCRE R BN AR, Rk (2-19), VA CREFENLIARAAR R I
BEfpRA i, P, R u v ow] RERE[p g ], Te N WERTE
I 1 G A7) B B AL iU K Ox. Oy %5 Oz i) & 1 LA K 73 53 53X =AMl 31
A, HERIERW(2-20), T, 8 WHERZBIMES[sh M, wk@2-21), T, AT
ZEIEF R AR AIAE (2-22), Wk, T, N KRER BT 208 e 38 5 0% s 1 A 3L R FH BT e AR R 3
FTIVA R 5, = (2-23).

#
p=i
H
w
~N
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[m+m, 0 0 0 mz, ~ —my,
0 m+m,, 0 -mz 0 0
0 0 m+m,  my, 0 0
M= 0 —-mz my; m+m,, Ly I
mz, 0 0 -1, m+mg I
| MY 0 0 -1, -1, M+ Mg | (2-19)
Hor, mOy KBERIRE, (X Yo, 2Zo) A CHERIFUCADR, RAERIRESN RN, 1,,1,]
BAPERA [, 01, ] -
—(G-B)sing
(G -B)cosdsing
(G —B)cosé@cosg
Too = ~2,Gcosdsin ¢
G
—25Gsin @ — x;G cos @ cos ¢
X;G cosésin ¢ (2-20)

B A7) BAER O S0 E

jj%Eo
Q.S +(Ya +Y2)003asm/3 (Z,,+Z,,)sina]
C qoo ref a2)Cosﬂ
- C,q,S, sin asm,8+ (Z,+Z,,)cosa
A Clq Sref Lref +I I
Cmqoosref Lref +m +m
| C,0, S, L N,y +0,, |
iﬁtlﬂ%ﬁ AT AKX LB S B OS2 3R [39] -
J&, V,BPRSET, Ly =V, ASHEKE, vV, ASHEP.

M(WQ — VI — X,q° + 2 pr —Xsr%)
m(ur —wp + z.qr + X; pPq)
m(Vp —uq — 2, P> + X5 Pr —2,9°%)
—m(zgur —zgwp) — I, pg— (1, —1,)qr
—XVPp +Xuq) + 1, (p? =r?) = (1, —1,)pr

m(z,wq — zgvr
—m(xWp — xeur) = (1, —1,)pq + 1,,qr
[ T, +(T, +T,)cosa, ]
0
T - (T, +T,)sin &,
P T,sing,y, +T,sind,y,
T,(z,coso, — % sino,)+T ,(z, cosd, —x, sing,)
| —T,y, cosd, —T.,y, coso,

14 U 4k 37 W

o FTUAR RRE RN R, FE BRI B Y

(2-21)

qoo = 0'5pva2 y\jijj

(2-22)

(2-23)
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Forh T, MR SRS I P MR S, T BT, 4 S 7 A MR R A 1
(X V20 ) B (X, 0 Yy 2, ) 5B AT MR 0 2 3 B AR

2.5 KEIE

AT T KHERIN B ARSI ) AR E R AN R — Bug— 5 W T
e FLUOW R AT EAT 1, AT ORRUIREE . B0 L B R )
G Z )5 SCT ik WHE RS (R SRS A A AR R — LA ARAR 2 3 P2 AR 28 AT [T A2 o
F il TENZ BB R, JRHES L WERIZ 7 1E: et T8 71 L J05E.
M BT B R 17 S TR g RO DR A A, IR AR
2R . WHERIZ 307 RS Jy 2 0 RS R R T R AN E R AR ZR PR 2 R i2 3l )5

o
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&
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BT KITIEH RGO

3.1 IEH RGBT

3.1.1 RAkHEZE

A TATRERER 2 BT BT BEVEAGR [ YA B WS B 70 4 MNB e, AT L
PEAE TR BT IR, DR AT DA B TS, NRAER — A, £E BT BRI e
0% 7 A T LA D 17 A SR T . RIS, 7ERRTEB BCR AR RENL (7 TR AD T R
PSR ST KRE AU 9%, T LA OB A T B TR B . AR R A T AR R A 1)
KEB B RATRE . P g . Il BRI %

£ 31 WIS
;]\g( RATHLE IR 25 1) TR s A | R
py | VBEAHE 000 (1) HAT, MFT,, AT,
B H b B ALFR (0,0,500) =izt 2 |a] (B4220);
d B2 B |- F+ 500m (2) HEJJBME AT, =0.1
WIwEAr B AL FR (0,0,500)
AT H ¥ B AL PR (400,0,500) T A T ) B N 10m/s
BifEm (X J7m)) #i4T 400m
(1) w WSLhRES H AR
ZEAE 7 2 A
(2) Jrmfetmsa o, iZ R
0.5;
3) HEFER A S AT +30°
e VIEAE (1000800 () A ;_? Eﬂﬁmﬂd"ﬂﬁq AT
2 e L . L ;
iy DEREZEEN il%«muﬁﬂw @l ER g, b T
%ﬂ%ﬁm%%%ﬂ%ﬁ%i’@ﬁ~m A r 1621
AL (R 50) (5) FHEEAEIR A 8, AN
1;
(6) THEEREW A 0, fr T £30°
Z ],

#
&
p=i
H
w
~N
b=l



FF Simulink BIEIEZ B F Z 25T B R Gt

a3k 3-1

S PR 2R

(1) w BEbrMES HbrE 1%
FELE £ 2 |A);

(2) Frmfetwfa o BN
0.5;

VIR Z 445y 50 (1) st/ g%ﬁW%ﬁ%am$ﬂy

g HHFEE (0,0,0) A o
B 5 @) fEBE Z;fgimawﬁ%m%
(5) THUERE A 5, A
1;
6) THVEEIS 6, (1T 430
2.
T P, LT LB, IR S B B B0 TE (LB, 4k B FUe (B
e BEHEN T BB (%R

&

AT A P

FERIE R

e P42
@ LIt Tz—Z
52

P

TX—u

1

Pl 7 e

P i A2 )
e 4
D A
EAm |
5,—~0
$
(ACRiEN
Tx —dref

Bl 3-1 KRE AT PRI

AR RSS2

(1) SIAFFEARSEIAE RATH B CEF BIAT. FREALRED KP4, 2 ]
RYGITIRIZATING, BEFEAPRELL =1 B ETHHr B, 2 J5 ESEIN #) W B B B2 ik F) H
WALE, HIERE, ShREA G RE, BT ITHE.

(2) BOEAFE CATHBAES Bbr (AT R BAR(E, WrfRURRIA=0, i ETHB B
B H RN s00m, FIATE B HARA 10m/s, FRVEEY BRI B H AR N x, = Rsinort ,
y, = Rcoswnt %,

(3) MRAEAESS HAREFE A& R 8, BT Bk R BEIE ], RTATHr Buk Fd fE 1%

#
S
b=l
H
w
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IR

(4) RABFEHIGE RBATER S, BT, TFERHET, . ZAMHET, o AHET, A
WIREFA S, , SR — RS S AT S, P2 R IR T H AR AT .

3. 1.2 AR5 ALk

(1) EJHBrE

RAENETF AT LUK SR 22 48 O3 A 70 77 1) 5 BRL AR FE T B o YOE s P s T d aed T
B e AU WA EAT P2 t] A v P A 22 50/ DA S S BRI SR T B AR AT 41 o 7o P
RIS, SR PSR LA 1% 722 AR R 18 A KA AR B e 0,

BT BT 5 A A KA A T T L, PR B T2 500m s, DRIk A F SRR A
Ji RSB AERIC T, Bl EE ). BB B AR HAREA: %, =0, y,=0,
z, =500 .

(2) HIATHYBL

2R F) 500m B =S e, SOVSHUIRAS, #TAT 400m, BRALCRIEEE DY 10m/s, k%
HEEHIEIE . AT B AR HARE Jy: x, =400, y, =0, z,=500, %, =10,

(3) FEisbr B

FeEv& T BT 55 2 A QVE AN 25 1 T 500m Ab g g 2 % 42 B i 50m AL, KRR H FRfEan
F: x, =Rsinewxrt , y, =Rcoswnt, z, =50, %, =R-w-7-coswrt, y,=—R-w-z-sinwxt .

TR EPIL, 5B TS FINEAS BT SR . THREAEA WS s B, Rl AR B B
D AR L ARAR/ (AT ] o

(4) R EIpr B

RAERR e B B BT 50m AR, KPR B AR WERI AR A B AT, BT LA 2R [EIH
B GRS G G . AL, R AR R x, =0, y, =0, 2,=0.

LB Baze 3 O 1) o e/ AR 2 3542 ) L AL BB R

3.2 =it

3.2.1 A%

e EEAZ ) ) A AR A KRR IC T BT P A5 4 R vt P o PO v P 42 ) e 3o T B AN A AL
P HEATF ], AR IR e PP FE R U LR U ™ A ik 17 7, T ad 3o T B s v K
NI TR LS A 2 Al A2

THESER = 2 5 BARE S 2, R % ez, @OLRET, ez (¥ PID #HI5RE, Wi

ez=2-1, (3-1)

T, =K, -ez+K, -J'ez+KD.éz (3-2)
m‘iﬁi}%&% KP SN KI ~N KD ’ éé}igiﬁiﬁ, Eﬁ%@%&j‘j Kp :_1 ’ KI :O » KD :_100 o
T, =(-1)-ez +(-100) - éz (3-3)

3 L2 T
T B TR R FFE S —EH N 10 m/s, @A T 5 edx ¥ PID $fi) 77 FEk S

T’Eﬁ%ﬂ .

edx = X2 + V2 — (%2 + Y, (3-4)

#
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T, =K, -edx+K, ~jedx+ K, -edx (3-5)

ZRIR, HESHNK, =50, K, =0, K,=0.
RSB RN, WINETEI, tH RS AR T
BRIV, ARIEHUA AR 2R AR AR ROV RE, A

Vo = Rgbil XV

uw =V, (1), w=V,(2), ww=V, (3

V, = \/(u —uw)? + (V= VW)? + (W —ww)?

T, = (-50) - edx + (—%-Cx pV2S.) (3-6)

3. 2.3 IHfmaZ Ayt
RF AT 38 38 F 43 ) B R TR R AR o, . KIERIIRAD o e, AT AR B AR ME
6,=(z-124) 110G
AL S, SRz (- 6,) B PID 52, WiF:
42:&,W—@)+KVIW—@)+Kv9Q5§Q
H K, K, FEAELL BRI 35S 5, Ko JRALEE it £, #i e K, =1, K, =0,

(3-7)

Ko

[5Y
o

Pk

d(@-6,)

o0, =1-(0-6,)+1- (3-8)

RRE T B ) Al AR AR AT R AT BRI, AR SCHIE AT OE A % i A7 BRI 9 [-30930, B
-30" <8, <307, BB AHEPATHURE TN A BRIEFA T o
A2 B 0, OARAL IR T AL -1< 6, < 1.
3. 2.4 M ATER]
et fT 388 T 1R R R AR T MR AE R AR o, RERIRAT AN v, RN B bR E
w,=tan? Y Y,
Xq — X
AL S, 5 AW (v —w,) B PID 2, a1k
d —
5r:KP'(W_Wd)+KI'J.(l//_l//d)—i_KD'% (3-9)
Y RAAEA IR N LA, RIEH PD i &4 n] DR & 1) 56 B il 4E
%o MASECNK MK, » K, =01, K, =01, HiK, ML pisHES, K REEN%
M [ A5t
&:Oi(W—W0+QLEQ%;@2 (3-10)
RPE T T E PR Al AR AR AT R AT BRI, AR SO AT O AR A i A BRI 9 [-3030, B
-30° <6, <30°, FLZEAT WU FT 0 L i BRI TS o
R 6, B IR TR 2 05 < 8, <05,

#
©
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3.2.5 frEIBE

fir BB EF R AR R ATAE S5 R S O s . 0 S 1 RATAE S5, W
PR B [ A A 5 PR 28 2 A TR S B i A, A4S R F B i e T AT

I Sei i B S E ARG E 2 A B B dref Y

dref =\j(x—xd Y+ (Y -Y,y) (3-11)
FEME IR BB B, ST, 5 dref (¥ PID #5615 RE SeBl WHEIZHT 18] H Frir BRI AL bR

J5 OB TSI
T, =K, -dref +K, - [dref +K,, - dref (3-12)

2k, KRB 28 R REAR A R SEBLA BB ER, K, =2,

T, =2-dref (3-13)

3.3 1Tl 4rEC

HEMOHERERE BRI . 0. AU, RUONT, « T, T, R T, A
X 7, FEATMIERERTT S, fifihs,, T 5T a4MES X 5 Z .

T SRS AT AT, B ERAT, . T« T.. 8, B8k N. 2l
it T LA S AR BR ST O I T, 5T, AT RIS SR T, 5T, T, L T, T,
S, WELEFH A REMEAT, . LUHEAT, AT, .

STAERINT

Tw = Twmax

TC:TX-TW’—

Tx > Twmax P—»

[

P 5, =tan"}(T,/T.) TI=Tt/2 | Hith
BONTX, Tw, TI,
e e | s
Tw=T
HTxéTwmax%—% Tc=0 ’—
T,>0,6,=x/2
> T,<0,6,=-7/2
T,=0,6,=0
& 3-2 A E

MR AR OSBRI, E R T, 5 T, e RN, WIRT, T, o K MRS
T, BNRK, NT, o EEEEDT, T, BAAMREMS, HER Z FREHENT,,
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CONTROL SYSTEM DESIGN OF NEAR-SPACE
AEROSTAT BASED ON SIMULINK

Near space means the airspace which is 20~100 km above the ground and includes the
stratosphere, mesosphere and a small part of thermosphere. Aerostat generally refers to the aircraft
which contains the lighter-than-air gas and rises depending on atmospheric buoyancy.
Stratospheric airship which is one kind of near space aerostat, usually works at the bottom of the
stratosphere (20 km above the ground). The comprehensive technical features and advantages of
the airship are easy-off, easy-recycling, and reusable. Meanwhile, the airship can replace or
increase the load according to the need of task and be deployed to specific area and fly
independently between the sky and the earth. The cost-effectiveness of airship is high and the
mobility is good. The airship is easy to update and maintenance and can fly high and cover a wide
range and be left in the sky for a long time. The airship can also fix to one point for a long term in
the sky and has high viability. In the military field, the airship is widely used in reconnaissance,
electronic warfare, antisubmarine, launching weapons platform, early warning and a variety of
monitoring tasks. In various fields of national economy, the airship is widely used in transport,
communications, counter-terrorism, tourism and so on. So, for all things considered, it is valuable
to research the stratospheric airship platform.

At the beginning of this paper, the research background of stratospheric airship, structural
characteristics, research status, as well as modeling and control features were introduced.
Generally, from a structural point of view, the airship can be divided into three types: the rigid
airship, the semi-rigid airship and non-rigid airship. Modern airships are mainly non-rigid airship,
using helium pressure in the airbag to keep their shape. Design, manufacture, operation,
maintenance of stratospheric airship platform is a large and complex project. In the early stage of
the platform design, digital simulation is the foundation of experimental verification. This research
result can provide a reference for other types of flexible aircraft. With the development of science
and technology and new understanding of airship value, stratospheric airship as a special of
aircraft in the stratosphere activities is drawing more and more attention in recent years. This
chapter introduced domestic and overseas research status from the stratospheric airship platform,
the modeling and control of the stratospheric airship and simulation systems. Then this chapter
introduced the main contents of this project: the establishment of dynamic model of the
stratospheric airship, the design of airship control system, and the controlling results based on
Simulink, as well as the structure of this paper.

Modeling of airship's motion is the base of airship's stability analysis, motion analysis, path
planning and control system design. This Chapter used mechanism analysis to build mathematical
model for the airship. The mechanism method directly used the known physical laws and
equations to create a mathematical model which characterized the dynamic process through
analyzing the dynamic mechanism of the object. For the airship, we used the momentum theorem
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and Euler dynamic equations in the theory of mechanics, as well as some geometric relations to
derive motion equation as the mathematical model of the airship based on analyzing its forces and
moment. This chapter firstly gave the definition of commonly used coordinate system (the body
coordinate system, the speed coordinate system and the ground coordinate system) in airship
research and the conversion between coordinate systems. Differing from traditional aircraft, the
origin of the body coordinate system and the speed coordinate system of airship is located not in
the center of gravity, but in the center of volume. A detailed analysis of forces and moment of the
airship, including the inertia force (moment), the aerodynamic force (moment), thrust (torque),
gravity (moment) and buoyancy (moment) followed by. The forces and moment of the airship can
be expressed of the motion parameters and control parameters. Analyzing external forces and
moment correctly when the airship is moving is the key to do mechanism modeling based on the
theoretical principles of mechanics. At the end of this chapter, airship dynamic equations, namely,
the relationship between the external forces and moment and motion parameters were established
based on theoretical principles of mechanics. Then put the expressions of the forces and moment
into the dynamical equations to obtain the equations containing only the motion parameters and
their derivative and control parameters, which is six degrees of freedom equations of motion. At
the same time, referring to complex geometric relationships between the various motion
parameters of the airship, we established the kinematical equations. So the finished dynamical
equations and kinematical equations together constituted the equations of motion of the airship.

The third chapter designed the control strategy of the airship. The whole flying process was
divided into rising, cruising, landing and return. The right and left propellers of the airship can
produce vertical thrust, so the airship can rise and land vertically. The airship can also use the
control surface (rudder, and elevator) to control the rising and landing of the airship. To compare
the two ways, the rising process used vertical way while the landing process used spiral way. The
controller of each phase was designed according to the characteristics of each phase. The rising
phase used the vector height control, while the cruising phase used the speed control. The landing
phase used the speed control and the pitch, yaw attitude control, while the return phase used the
pitch, yaw attitude control and position tracking. The height control used the normal force
produced by tilting of tilt-body to achieve the rising or landing of the airship while the speed
control used thrust in ox direction - Tx to control the speed. The pitch, yaw attitude control used
elevator and rudder to control pitch angle and yaw angle, while position tracking means that the
airship tracks the specified track point according to flying mission. Here, we introduced how to
plan the whole flying process. Firstly, we introduced the flag to switch different phases of flight
(rising, cruising, landing and return). When the airship control system began to run, the flag - ii
was automatically equal to one and the airship began to rise. When the airship came to the target
location, the flag - ii was assigned new number and the airship began to enter the next flying phase.
At the same time, set the task of each phase. Under the guidance of the control law, the airship
propulsion device and control surface manipulated the airship to fly in accordance with the preset
task. When designing controller, we used the classic PID control to establish proportional -
integral - differential equations including control parameters and error (the actual value minus
target deviation). We determined the PID parameters by debugging.

Chapter 4 designed an all-digital simulation platform. The simulation of the airship is to
create an all-digital simulation system which can simulate the movement of airship quickly and
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easily. When designing the all-digital simulation system, we divided the system into different
functional modules which are relatively independent and related to each other based on the
relationship between parameters in the actual flight of the airship. These functional modules
included navigation module, control module, control surface module, propulsion device module,
wind field module, forces and moment calculation module, dynamic module, display module and
so on. Then we established Simulink models of each module to build the Simulink model of the
whole system. We can use this Simulink model to complete the mission referred in Chapter 4
(rising, cruising, landing, and return), and to check whether the design of control law — the height
control, the speed control, the pitch and yaw attitude control, and the position tracking was ok.
Analyzing the simulation results, we can see that the airship completed the task and flied
according to predetermined trajectory in 2000 seconds. At the same time, we can validate that the
control laws designed for each stage were valid.

The end of this paper is the summary. The paper completed the research tasks and also
pointed out the inadequacies in the paper. For example, the flying altitude set by the subject was
500m which is far away from the flying altitude of the stratospheric airship-20km. When we use
this control law and simulation platform to research stratospheric airship, the PID parameters and
simulation models need to be further improved. Then this chapter put forward some further
thought and suggestion. We can analyze the motion of airship to make a better understanding of
movement rules and basic characteristics of the airship in terms of stability of motion, longitudinal
and lateral movement modes and motion features. We can also try other control laws such as the
sliding mode control, robust control to find the advantages and disadvantages of each controller.
We can also simulate the wind speed perturbation and take the change that the atmospheric density
varies with altitude into account.

The results indicated that the motion characteristics of stratospheric airship could be reflected
by the dynamic model and the switch of flight task could be achieved by the flight control system.
The design of controller could be simplified by the staging control strategy according to different
stages and tasks. The redundant manipulation could be solved by control allocation. The results
could provide reference to other flexible aircraft.
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