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Abstract This paper describes the parachute dynamics modeling and simulation results for the development of
training simulator of a HALO (High Altitude Low Opening) parachute, which is currently in use for military purposes.
The target parachute is a rectangular shaped parafoil and its dynamic model is derived based on the real geometry
data as the 9-DOF nonlinear equations of dynamics. The simulation was conducted through the moment of inertia
and its aerodynamic derivatives to reflect the real characteristics based on the MATLAB/Simulink. In particular, its
modeling includes the typical characteristics of the added mass and moment of inertia, which is shown in the strong
effects in Lighter-Than-Air(LTA) flight vehicle. The proposed dynamic modeling was evaluated through the
simulation under the spiral turning flight conditions of the asymmetric control inputs and compared with the

performance index in the target parachute manual.
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NOTES
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| Rib Oval Shaped / Control Line
Fig. 3. MC-4 parachute configuration
Fig. 4. Geometric definition of parachute
Table 1. Geometric data of parachute
Parameter Value Parameter Value
parafoil chord (c) 3.96m | parafoil weight (m;) [ 6.36 kg
parafoil thickness (t) [ 0.53m | payload weight (mp) | 145 kg
parafoil height (a) 1.1 m | payload length (¢,) 1.5 m
parafoil span (b) 8.7m payload width (¢,) 0.4 m

length of control line .

M 5.3m payload height (£,) [ 0.3 m
F7H T 57 AYRHNE M, o Jp = u St



wE

©

k3
=
:)Ig
ES
S

2 fo

o
42 [0 of

il o
ofrt l'U
dm 23
ox, b

B ©
o Ry

L
o,
o,
oot
r

S
dlo
‘_

J,=p-0.630

~

wcth
, 1J,=p-0.872
5 =P D

o
oS O

s (8)
Jo=p-1.0447L0

BN
@

o

150 w

ofr

By

F-‘a |

E
oL
r

BN
o
lo

Z(Control Line)< Frof
SlA|Z) O Z M AT
Zolg o

=1

2 r
-
o,

©

Lo
H

otk

o o
1-'19{—101'

/0% A}

mlo 01_?.4 N
off 1E

oly]

>
=2

[}
s
oft
N

= (Symmetric Input, d)
/95 WA WAl Fotdrle vty A9
(Asymmetric Input, d,)22 FA=H, 091 H$ Zero
Brake, 0.5 Half Brake, 1.0 Full Brake® 2] 3t}
2 =dAE d=+1°]H 9438 (Right Tum)E d=1
ol A 3|(Left Tumn)E M= Holste] A5G

Eom e of

I

E

=

=0, - Asymmetric brake deflection

5 5Rzgh1
o, = min(5 Lefi > Oight ): Symmetric brake deflection

)
4. AlEdlold Ax

4.1 AlEHolA vz

G| A fE Yt SsrRde] B84 g
AZs7] I8te] Ho 2E0ES 3 A3 vjgxa
7o 2FYES T3 Ang 2 gigk AlE
ol sl 7t AlE ol A= MC4 HaHite]
el AAE JsatEd Blaste] FadS A5
Ak Gshite] 7] £EE 0 mys, 3 AR R E

691

5,000 m= A3, EE(90deg) WOz w33t}
]giﬂ oA W8 AL Table 29 Aelst=dl, Case 1
Sat ) F ARl 2R 2599 o]
H] 624 Sh= Z-9-olH, Case 2= 7l ¥ 20% =LA b
A3 Hlﬁﬂ—e— 918l vl <) Half Brake= 1/2%F
ARESE 9o, wiA|E Case 35 FA13] v]YS 95|
Full Brake 943 7}3F 7-9-o]t}
Table 2. Simulation cases
No. Flight ds d,
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Table 3. Simulation evaluation

Item Manual Simulation Evaluation
Forward Speed 8.9~13 m/s 9.9 m/s suitable
Rate of Descent | 4.3~4.9 m/s 4.9 n/s suitable

Time for 360 deg 3~10 sec 6.1~7.2 sec suitable
turn
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