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Multibody Dynamical Simulation Analysis for Parafoil-Payload System

Abstract: The parafoil system is widely used in spacecraft recovery and precision airdrop because of its
excellent gliding capability, controllability and stability. The dynamics of controllable parafoil system
has been a hot spot issue in order to design the control algorithm. In this paper, a dynamical model with
eight-degree-of-freedom for parafoil system is established based on Lagrange multiplier method. Based

on this model, the motion of parafoil system in airdrop condition is simulated. The efficiency and

Jiang Wansong ,» Rong Wei, Teng Haishan, Liu Tao, Li Chun
(Beijing Institute of Space Mechanics and Electricity, Beijing, 100094, China)

accuracy of this model are verified by comparing calculation results with the airdrop test data.

Key words: parafoil; multibody dynamics; Lagrange multiplier method; apparent mass
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Fig. 1 Relative yawing motion from payload-fixed camera
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(a) Parafoil-payload system
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Fig. 2 General parafoil-payload system and its physical model

(b) Physical model

() A5 S0 Ay 1) oo e 1 i 2 AN A L (L3R A Y
A J5 e A R U AR A

(5) A% A AT B

(6) 22155 3 A ik At 14 Wi 7 3 388
L2 BNEFRE

ARICE Sy R T BB R AR A &R LA W IR A
PR AR 28 B SO A B 2R 5 A bR R 22 18] 1 5% & AT
wy-x Fe Iy IR HE Bk . v 2 W AT e i 2
KRG I BRB. — R RGE8) J) R
YT 3. WAl 3 N, 3 A A AT o E AR 6 A
1 JBE DA« PP W) 3 5 24 SRR ST R s B R AL 3]
P Z G RLRS B H 3 )2 Or AR R

alig) g ae o
q=(x,,0,,xc,0:)" (2)

(a) Dynamical model
B3 —RES RGN KRR

Dynamical and aerodynamic models of

(b) Aerodynamical model

Fig. 3

general parafoil-payload system

Ao oqg AT A ER, R 12X 1 BB, A RE
I MWARIR R BIBI M R 0L AR L6 BE R S,
i f
x, =8,v,
Xc =Scve (3)
Py LA s ) e T vl LLRR N
2T =x"SMS"x + 0" Io + x"SHo 4)
VLI IS/ RN ORERS 7 BT o sl N O Rl
SZ Y IAREEAY ) | ) | DG TR =2 8 =97 - X
5.
MR (1), AT DL 515 5]

S,(M,V, + @, X (M,V, + Hy®,) + H,e,)

dt

i<£> CoT _ [H VY, EV, X MY, A+ Hoe) + Lo, o, X (Lo, + HVe)
Iq Iq Sc (MC Vc +oc XMV + Hccbc)

5

H(TV( +Ve X Heoc + I(:(bc +eoc X HEV(:

WAL ANF 3 A 2 SO R AR R A 3y B A 5 A
(B 4 SR T RE -

(1) FAp-F 5 EEFIEL A B, S8V 6
BB, 152 BIZYH f1 BN

Sce, « S,6=0 (6)
e =(—sind,,0, —cosf )T,

(2) FEARFBATIERFFAEL AoBy 1 Ay UTE
S 1 X PRI N EHARR 3 AR bR B = 5 ] FR
XA o 1T F oy J5 1] BRI AL RS T f F
fs o3k

(xc +Scrp —x,)"S,e; =0 )
(xc +Scrp —x,)"S,e;, =0 (8

P rp O Bo RUTEER AR R T B AL E 0] &
(3) B A i K BE RO A AR5k, B/

LR H
(xp +Scrg —xa —S,ra) " (xp +
Scrp — X —8,r0) — 12 =0 (9
R rar F e 53590 g B R TP S s 7 28 T A 3L
A AR R FR T A7 B )
A DL B 2o, 38 e 5 A8 AT (] 1 ARDRHR A A
P ft » 80 A iz 2l A8 G 36 AE X 50 57 155 3l FHAF R
Rz,
A AN F R — I — B SR T UG —FoR N
{f =f4=Bq=0
f=fa+fg=Bqg+R=0
K g WARKRER T RIRMPAE W H 7 RE AR

b=V, Voo BAKR FRER X

(10



%4l

HEITR A BB R LR ) Iy 20 B b 477

I\LEFX?? f:<f1 9f2 vfa 9f1>T jﬂg/‘]ﬂiﬁﬁ,B j‘j%ﬂ

FURHE B4 s R D9 AR W81 i) 45t 50 33 3R s A

0 (S.7e; X" 0 —(S.gXe)!
B —el  — (ST (xc+ Scrp —x,) Xe)T (Sye)"T  (Siep Xrp)T b
—e;  —(S](xc+ Scrp —x,) Xe)T (Sye)"  (Sye, Xrp)T
—2p°S, —2p"S, (@, X 1) 2p'Sc 2p'Sc(wc Xre)
— (8,7, X&) 'w, — (5,7 X e;) " o
R,
R = (12

RI%

ZPIP + szlsp (wp X (Vp + w, X ¥ o0 ) ) - S(‘ (ﬂ)(‘ X (v(f + @c X T'po ) )

ittf:‘ P —Xnp + Scrp

X
¢S,y

—Xxa —S,ra I":Sc(vc + o Xrp) —8,0v, +toXry) .S, :Sgsp ’ Sa :SA(D§ -

R, = (S, e) " (e X ve) + 208, ve —v) (0, X e,) — (xc —x,)"'S, (0, X (e, X @,)) —
e; (@, Xv,) + (e Xrp)" X Sse.) e+ (rpg X Sy, X e:)) we —
(e; X8, (e Xrp)) o, + (o0, X e,) X8, ry) w,

R, =(S.&)" (wc Xve)+ 208, ve —v)  (w, X&) — (x¢c —x,)"S, (0, X (g Xw,)) —
glw, Xv,) + (e Xrp)" XSse) o+ (rpy XSy, X&) owe —
(g XS, (wc Xrp)) o, + (0, X&) X8, "ry) o,

W — AR R GEny 8l I 2 07 B vl DLy
M, H, 0 0] (V,
H J, 0 0 W,

0 0 Mc Hc| |Ve

F,—o0, XMV, +Ho,)
L —o, X1wo, +HYV, —V, XMV, +Haw,
F(* — @c X (M(‘V(j + H(*CO(‘)

—S"fia 13

0 0 HE Jec (016 L —oc X (HVe) —Ve X (Heoe)

M -

ﬁu@ﬂu%gﬁq

Mq=F— B2 (14)
A

S, 0 0 0

s— |0 B 00 (15)

0 0 S¢ 0

0 0 0 E

S'f, =B (16)
B AOMRE g, HFACARQ0), ] L 28R g
FrA% B H 3fe 7

A=(BM 'B") ' (BM'F+R) an
PA% B H T 1 Ho W p 2 S, HoERE Ron 4R

TR/, TR B R G 8h I T #E N
Mq=F—B"(BM 'B") '(BM 'F+R) (18)
AR SR W 24 37 B A i I AT RO R A L R
HI Baumgarte i 2 1E 7 AT B 1E .
1.3 HmMRERSHER
AR SR A 1) BN 5 SR ) Barrows Al 5 75 15
138, an = 19 Pr o 3 e B 5 12 6 B 4% 3 145
WR LT copor 43 RN B AR LK /L0 AL
BB g s AR S .
{ M — M, + uf,.szﬂ
(19
(u, + S.u,, )M J.
BN NHEX LRI RZESH T X
38 WA RGHE Y K 2 iR,

R1 MINREEREER

Tab.1 Items of apparent mass matrix

J.=I1—u;Mu; —u,Mu,S, — S, u,,Mu}; my = p(1 +%hz)/e/\rr % I,, = 0.055 #IJPSZ
R*m 8 ., e’ Y i«
L I N — Sk O I, = 0.030 8 S
u, Rompm + 1, My o1+ 3 h*)kpm 1 2 1+7( o
Rsing " b’ _ 5
u, = [O 0 %] myy = ?yy E% I;; = 0.0550b%¢*




478 MOoE oM o= M XK K ¥ ¥ R %548 %
*2 BESHAOER
Tab.2 Aerial model of parafoil
REPIE N FANL 3 J1 B E
F+Hh L = ¢SC,. C. = Cy(8y) + Cia +Cio
[{ﬂj] D= qSCn CI) - Cm (50) + C‘f)a + C‘?;S
ps) Y = ¢SCy Cy = C{p+ Cio
Pt 3 N = ¢SbCy Cyv = QY+ QA0 + Cwsb/2V
WA 3 5 M = ¢ScCy Cy = Cwo (80) + Cipa + CyB + Cd + Cirw26/2V
TR D148 R = ¢S6Cy Cr = CiB+ Ckd + Chlw b/2V

45 SR 90 T A A o e, 13
5 R AR R 0 LI B 2 B D BUTE B %
R 3 FT 0% AL I G5 2 £ 2 9 00 B0 A ) 6 5

H AR AT 1 A Ctb T 852 07 8- B AR SE LR e fD)
Hr H@ M R 4 5IAEERZ] ¢, R5 % B
i KO R

®3 FRTEAXAMEMNEE

Tab.3 Homming control algorithm in flight modes
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Fig. 4 Comparison between simulation and test data in case 1
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