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ABSTRACT

In this paper, a pneumatic device for the deployment performance verification of canards deployed by inertia has

been designed and the performance of the pneumatic device has been proven through analysis and tests. The

pneumatic conveying process, orifice opening process and piston movement process of the pneumatic device were
investigated by using numerical methods. The orifice diameter, pressure in a pressure tank and type of gas were
regarded as the main design parameters of the pneumatic device. The error rate between analysis and test results

under the same conditions was within 4 %. The accuracy of numerical methods used in this study were validated.
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Fig. 1. Deployment shape of canard
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Fig. 2. 3D—model of pneumatic device
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Fig. 3. Movement process of piston according to flow
of high pressure gas
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Fig. 5. Change of control volume 2
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Fig. 7. Change of opening area of orifice according
to increase of y value
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Fig. 8. Change of mass flow rate in each control
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Fig. 9. Change of ratio of mass flow rate in each

control volume
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Fig. 10. Change of piston velocity and moving

distance according to time
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Fig. 11. Change of pressure in control volume
according to time
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Fig. 12. Change of control volume according to time
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Fig. 13. Change of piston acceleration in nominal case
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Table 1. Comparison of piston acceleration according
to orifice diameter

| 74 = s i s
(mm) (9) (9)
6 16.2 8.1
8 283 15.2 S=F
10 395 217 180 psi
' ' e E
12 48.5 26.6 N
14 57.5 31.6
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Fig. 14. Change of piston acceleration according to
orifice diameter
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Fig. 15. Change of piston acceleration according to
pressure in pressure tank
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Table 2. Comparison of piston acceleration according
to pressure in pressure tank
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. Ly
(psi) (9) (9)
180 39.5 217
200 422 232 PRE PR
1A.
250 474 26.1 #7:
10 mm
300 52,0 28.7 S
350 56.1 30.9 N,
400 59.9 329

Table 3. Properties of the gases for actuation
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Fig. 16. Change of piston acceleration according to

type of gas
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Table 4. Comparison of piston acceleration according
to type of gas

| cj B
(o] ¥=E] A
o P as | skeE | owm
& =T () (0)
N, 24.8 12.3
80
He 36.2 19.0
N, 32.7 17.0
120 o ] w]
He 49.8 27.0 Qe
27
N, 38.2 20.6
160 10 mm
He 61.9 34
N, 39.5 21.7
180
He 66.7 36.4

agel M= AEA Al oE A

Jahgich eeluz A7 R 9ol
Ee) Aot Sk A o
N = e
TEAGS @& WHATI= WA
|3 Aol gt} As A AS-
b ] AUHOR e ME
Aol ot wrte] 717 e
7] e Ak ks AHE

0

I x
o & 3@

il
™
J

o ©

1>—Yl

F

_}I_‘
N
to ﬁ
ru& 1 oll’

o 2 {0 ot
N 2
o &
fo7

o
ﬂ
il
H.l_u
X

X
B

N
-

4 =
o

4y
F_BE
LY

>

)

o ¥

x
-0,
og(=1

L e > HE o
.

ol
-

e i

P
o
Jo
v
ol
o
}..

av)
i)
°

5. a4 X AIY &3 Hjw

=1 =

570l M = Sk 7NN Al Hi' Al

H [e)
Pato] 2 ANA Bue] B Fstsi

152/ At 87 %: 813 A A9 A25.20161 49)

ol

o

Fig. 17 Aol AR&| &5k ~
o} Fig. 3014 7]s=gt upe} go] &
ded A W ke 7k ARy
A7kzell o3 vxE AFe] xHE
M= 7hel=E wet o] sahiA W=l ofsto]

Q8. 1

=]

Lq_ oT—Eﬂ}“o]xlv__ OH o]—E‘ﬂEgi IH olE_jl_Q_ %_xé
2 A 2R A7) A SRR 5
rE

ek
o
R

=

Fig. 18, 19+

B dso

242} Fig 7914 713 2292 79
el oo whe rwAe) ¢y o

-2 B gk Aol g u A7) 275
olthar

e ghele] gadlgm LR A4 WA
G 2710 229l a7k ©E glow] Alzke] 3
gl wek 4 ()3 2ol A9 WAlo] WA F7He
B RS A AddA Ak e

o“: B

ﬁE
fol

A13(0.0
)

=
=

Iy rlr N

N3 m.t}(.

?_
ek

T ol
UQ -
]
[«]
rlo

& el Hage] EE vaE

Hﬂ?& Adrle] 21,7 wAsHA F7tet
452)° A HPghs dERlla 9= e] Tb
A= A1A(0.095%) o] %= w543 7+

e W] nhE 9 AR ASES M



2719 AN BRle

g Aoln] Z4 e W Ao 3 A 7S At
W Table 59F gtk Al@dA9] T2 s A< A
e A9 ANATE 9AE 4 % oludln A
A3ek dA)5k3d T
ojgell A Hi= mpe} o] AldE Foke] =il
A AR oA SA o] mlaH ekl N
Ao} e mAlelR IS ekt w1 A
THE RTEAGS 9 WEE AH A as =
A& e@9a 474 10 mm, 25 7)AE A, teE
9] e 160 psi¢l Aoz FelH 9t
210
200 —m— experiment
T -1 simulation_changing orifice opening area
190 4 —e-—simulation_fixed orifice opening area
= 180 b
8 170
g s
5 160 T
3 150 ]EDD[
g o
o 140
g 130
)
O 120 I
110 : hﬂ‘ﬂu
100 +— . . . . . . . . .
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

Time(sec)

Fig. 18. Change of pressure in pressure tank according

to orifice opening condition
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Table 5. Comparison of piston acceleration between
simulation and experiment
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