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Simulation of Separation Mechanism
by Modeling a Propellant Actuated Device

Seok-Jin Oh*' - Do-Hyung Lee*

ABSTRACT

This paper presents a mathematical-physical model to predict the performance of a gas pusher used
as a separation system powered by a gas generator. A quasi-steady model is used in order to aid
ballistic analysis for a propellant actuated device(PAD). The empirical coefficients of heat loss and
fricion were determined from experiments. The analytical approach of combustion, flow and
movement of a piston inside the chamber of the PAD, consisted of a gas generator and a gas pusher,
was simulated by numerical method based on the grain configuration design of the gas generator. The

prediction method developed can be usefully applied to the design of separation mechanism systems.
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Fig. 1 PAD used in this study



H14H H6& 2010, 12.

PAD 2YES

gt EE|OFILIE AIE80lY J/¥ 47

7o AE Zar)e B3 HaeH2], gyl
7}o] = (linear guide)E ©]-&3} PAD7} H3t&
F/ko -5]. Hl—ﬁ}:oiu]_ HE]%L E% ’574]5]91
ot Fig. 2(a)°l Al W =9
g8 A=Ay F4&

EECEID LA T
ARREATE A EA
Fig. 2(b)oll A ® o]
7] 93 %Aﬂ/ﬂ

L ox o
]Oé 1o rlo Eth
S

offt

o

b

i

ok
38
[o
&
~
>
o
EIPETE-

i

Hr

ol &
Qﬂ
N
o
o
)

"

0: ruo
)
>
]

e 2
N

A )
ol
£
-
ox
QL
32
O

)
>
o
;

B
>,
&
o
offt

N
ACh

>
k1
o
>,
&
o

il ol

1n an
_ﬂ
4w
)
(B
Lot
t

o2l
]
4
hass
rr
T,
o
)
il
A
o

EAY deldzre AHEE Eo Sus
%1\

A& dolHE Ftz 45 4

Propellant
Actuated Device

Pressure sensor

() PAD and a loaded mass

I Displacement sensor

Fig. 2 Experimental setup

23 Aujrg 4

PADol| 93] #HAst= 7|44 duyA & 45
= WY w, dubxoe g FA e 47 BEAAE
o] 5N FHow wdIhE FHY
gAds st 27 v fF5 FEAIzE
o] wi- &7 WEel, oldd FHYH R
wEdntst ARE YellA "@Y3-4]. olH &
7H L s Rde] s desfiAs g FrE

WA Az=dlog mdgo] FhestA dfETh

PAD Ed®o] nd ZHAMH A2 Fig. 1(b)

Lil Lo

Hadutes BRI SL o] spautaveh s

A YRE e AAAH o2 st o
3t 7ML AA a3y =E80F §la )
2FNS} Are

As FHst7] Wi e 7t
Ao s8ATA g 129 WA
212 Eq. 1)@ 2o Equation (1)AA aue
,);E- 7]'4:“,1_. “‘E‘ \th 1:]-"1/ PlS‘—- 'L])\E ]a‘-

Zj“ Ff—':‘— E]-Z]—\'ﬂ m< -‘—?—6‘ @%}Z, g’E‘ %"17]'—{'1:1;—1
= AxWH spaFEX k.

2 217} ovia.

b
kil

ISRt ;-‘-}30]' }73——_:3—:‘1 FA= Eq. ()% %9l
BYEt 7N Fe A2E FEHS, o vHE
AFE Yebd.

r, = aP" 3)

e 2t AAAHe vE A % o
UA REYEHoRRE fE8 PAD WHYY



i 2437 - o=y B3R Z3t8%|
I vaE SE g olgA e Wi 13 =% B, Fetdde] ¥ S8 PAD Wi <,
WA 2ol th6-8]. Equation (4)~(9)E 4th-order B dgn A Aol J2EY &R, &
Runge-Kutta®H & AHE3te]  SAlo Al4kas}o &, olsAgek #4248 F Uvh FHHLe
Z AAAIAW Alzbel wE Ex(p), dH(P), A 2 ZF AR F=3A 2 de] AaAd
Z(v), 28 ALAY(Dist) R ALES] H= £ &9 + ok

(U)% o15ARI(H)S WskE Sastact oY)
A A FAA 29 Qa9AE, TE F3
o HPLEE dustm HYANH PE FA
S 2EL 2h7h e,

dp dv| 1
" {’%‘Pdiv

1
:|:ppAbrb_p(Abrb+ApisUp[s):|’; 4)

A, pise

d—P:{}/R T (n& )—(Abrb+A U )P}/v
dt c'p\"p pis~ pis
{yR T (p Abrb) (Abrb+AplsUpls)P}/v ©)
dv
E_Aberr piSUplS (6)
d(Distb)
dt ) (7)
dUpis P4 —Ff '
a e ®)
dH
@ = Ypis ©)
3. Znt 3 1z
31 @%*lﬁdﬂrﬂ H] 3
Awa = Agd W 2349 i

g
=42 4 ﬁiéE tolE], PADe d&a @
upEA g, S22 olFel wWE PAD WHAH

Ao daAg e mE dadF] ol

Table 10 H2~E o]|%o] uwe} PAD Y]
A wslgko] gtk iR A HWst= PAD
EEE 2EE gdoX FJ2E o]Fe wet A
2bE B3 At maEo]l x7IIXAA 26
mm ©]FstH F2Eo] BAA AN WA A =
of A Aol FA3] Frrstch agla ol A}t
140 mm7} H9H JAEo] FXAZRE <4A3
225 7] wWiEed o] Al Z=g3td Allte] F

=S 2339

¢

Table 1. PAD inner volume data

PAD inner volume
Piston travel [mm] R

[mm]
0 54,441
8 72,626
26- 113,520
26+ 171,103
140 479,246

(a) Schematic of a propellant grain
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(b) Configuration of a propellant grain

Fig. 3 Grain shape of the gas generator



H14H H6& 2010, 12.

PAD ZEEE

ZE[HIILIE AlZ8[0[d 2|8

Figure 32 HIAFA] 7FETA 7] AHS-E
FA 29 S BAEd. A= 57
& FAAZ AA ALE AL MR Yoy
NC(Nitrocellulose), NG(Nitroglycerin)7} 73+
or FAEY FA9 diasxe 20 T,
1000 psia®llA] °F 20 mm/sece|t}. 1# <1

7-perforated 4o = A9 27L& 22 mm,
a#Qle] Zol(L)= 30 mmeolal, Fig. 4014 =
o] dart FHA 2#EAY HAHA o] Fof
Aug FYH7UE AsA 2 YAFELS
o5 WAL Frtetm 2Ele] Zele A
2k golA A "o

Figure 59+ Fig. 298] 4]
TRPE ANFAAZE At wE gy ¢
olsALZF UYEUJAG. AlPA] 2=FxdL 20
Tolth

AZEaYoR Y JF2AL A

FEAE ol&st]

A

A

BEs wgsg dudos BAASE A5

Fe T ALl A% GFH AW A FF

o $o2 YehfolA:, dEAAFE FEEE
o

HAo] HlEss Aoz AdHAJTH9. BA

Fig. 4 Burning pattern (all exposed burning)

Chamber pressure (psia)

Piston travel (mm)

2 doR GEHAFE H2E o5 A 0 mm
oA 26 mm7bA| Q] ARERClE 050, 32
A 26 mmolA 140 mm7}A| Q]

0.55°]%th o] gulE HutRo|:= _7;:
259 oF 50%, FHHF-ol= oF 45%9] &
dojdttes g ou gk u}%ﬁlf%
Ao M 1% FFQA Ao FALE AL

rE

;
o e
> 2

o2 O ok rr o

fg M
i

29 a7zel me 2§
AAUZE HeF A 2H

it r-{m
o L

e BAs Adss A8 Az

2800
! : H Experiment #1
2400 b H ixperu_nent#z
: ; 1| =—— Analysis

oo N T
ol N
1200 | Lo P . -
1010 J "I 5 N U S SRS SO [ SO
e S T N
0 j j ; j
0.00 001 0.02 0.03 0.04 0.05
Time (sec)
(a) P-t graph
160
Experiment # ; ;
140 H —— Analysis R g

! : : :
0.00 0.01 0.02 0.03 0.04
Time (sec)

(b) H-t graph

Fig. 5 Validation of the program developed

19} u G EAE P Fura. ol



>

50 QAKX

1
-

ol=g

q ANFAFE Argeorn Fol1 ALg T}
A }-

89S A9HW PAD FE2A A A
S ARAEFES vle) Joe dEFo
S

i=4 o o=

o 85 T Fepdger urd rtEx
b uer] wzel A4 7SR A5E T8 &
A viE FGd F sk N dojA=
H2ES] e 9% S T3 Lo
gat7] A Hage £xrF Fol FRFxY
A SRH=AE vl Flsto] st g

AT FUAAF A5 75 AETh

AZA G M9 T3 PADE A&3te] g
I 2e 219 A= aFERAS WwEIe 1
gl e AAZSTG frA a2Ed GHF
Fe ASAEY TSt sHESt 20 C
71EA)

O H2E9 FUEEE 7 m/sec ©F.
@ H+7 8500 Ibf ©]3}.

of Wl F A& FA wEste ¥ 4
°o]5 ZAA3 7] 93y, EIAT 2 AT d
=& FYstac

A" a7 20 T 71Fo2 HAAEE
oG HuFH olstgte xS EF UHA
71 FRA a8 ¥4HAAe] dasith o
I Holg A 8FEUS UEAIIE X
74e 27 9t 2# < Zdolo| wE PAD A
ol e Fdstal, AaE Fig 6o =AISHATH
Fig. 6(a)oll= Alztel W& Ao, (b=
Azt m& I AE F9o0], (o)ddl= ARt wE

T agiele] Adolzb 20 mmolA] 40 mmE Zo]

7b EojEsE AvgEy F

S7Veta, BEAl HEE FUSET 9A 64
o

m/sec?ll 4] 8.3 m/sec”7}A] F7}3)

~ i
rlo
ox
=
o
[
fru

rr
)

3000 Grain Temp : 20°]

Grain Length
— 2nm
—— %mm

2500 3mm
— 3mm
40mm

2000

10000

8000

6000} / [

1500

8
S

Thrust (Ibf)

4000

Chamber pressure (psia)

4
S

2000+

L1l

/

) s n
000 001 002 003 004 005
Time (sec)

(@) P-t graph

)

0 |
0.06 000 001 002 003 004 005 006

Time (sec)

F-t graph

Grain Temp : 20°C|
Grain Length

Grain Temp : 20°C|

— 20mm
—— 25mm

140 | 6rain Length
— 20mm
25mm

30mm
—— 35mm

120 30mm

— 35mm

40mm

100 40mm

Piston travel (mm)

Piston velocity (m/sec)

9
8
7
6
5
4
3
2
1
0
0.

1 P P
00 0.01 0.02 003 004 O
Time (sec)

(©) v—t graph

ol »
05 0.00 0.01

'Vl L L
002 003 004 005

Time (sec)

(d) H-t graph
Fig. 6 PAD performance for grain length

Atk TS I2E o|FAYZRFEH 1Ele] Z
F& AUA7L F7Hste EEAIzEe]l 50 msecell

A 39 msec7tA ©=ES T
A AzmE 29

m/secE UEFE F
6(c)oll A =
o
T

A2

t 30 mmeo)]3}ol A qt
gk 4 9ot wheEkA
4 & Ade FHA

H] 3%

¢

o
P
>
)

r

o
N
o p
o

° £ Y
>
[
o
_O‘L

A
o
E o

>
)
)
ol
oL
k
=
Ho

ko
ol
%
ot

>
-
N
)
o

X
W

o 3
b
ok = v
o 4

X
tlo Mz
AC)

o 2,
EY

A2 E

L

gE g9l

o
o)
il
9,
o

£ b
S
]

3
0 0o

ofN ¥
s
O
P

N
o

[N
i
kv
_1
i
=3
T
o
b E

e w
o A
tlo © dlo

ﬂ', F-.a

ofr
>
o
)
I
>

(€8]

o

8

=S

fru
y,
oX,
o
g 4
o
>

[

i)
o
>
oo
i}



H14H H6& 2010, 12.

PAD ZEEE S

gt EE|OFILIE AIE80lY J/¥ 51

Grain Length : 30mm|
Grain Temp

Grain Length : 30mm|
3000} i Grain Temp 10000 y
— 2 — a'c

0C / 60'c

— a'c 8000 1 — 40°C

N
R
3
8

2000

@
8
8
S

1500

)/

Thrust (Ibf)

Chamber pressure (psia)

—"

Vo

0 L L L L 0 L L
0.00 001 002 003 004 005 006 000 001 002 003 004 005 006

Time (sec) Time (sec)

(@) P-t graph (b) F-t graph

=

o
3
S

Grain Length : 30mm| Grain Lengih : 30mm|
Grain Temp 2 140 Grein Temp

— — w'c /
il 60°C 7 120 — 8¢
—_ e — 40c / /
100 / /
80 g

~~ /4
) / 20F 7

i 0 = L
00 001 002 003 004 005 000 001 002 003 004 005
Time (sec) Time (sec)

(©) vt graph (d) H-t graph
Fig. 7 PAD performance at 3—different temperature

Piston travel (mm)

Piston velocity (m/sec)

e a2 o @ & o @ N e ©

IE PAD Az S AMEStH 2= m
& 2dAd%s A=l 7bsdtth Fig. 72 AES)
© 2EXUY wE EHAX O Asgs A
g AFAE TAE AL vk EEEEE 40 Tl
A #HA 63 m/sec, 60 TollA H) 83 m/sec
olal HWFH 60 TolA 9800 Ibf, Ak

60 TollA 39 msec, 40 CTolA 51 msecE

ZAHE A

Al EE2ts 45 F 7padA 7] <t
A3tE 3 goldd FXA 28 AS o] &3+
T 7 A MY ALAYE S AT
AR diE ALAYE A A gAY
AL 22 mmolA 201 mmE, WF EFA

N
N
o
od
o
fru
12
5%
Nej
(&) ]
8
=
o
Q
>4
N
N
o

»

Fig. 8 Grain shape before and after experiment

1.2} Grain Length : 30mm|
Grain Temp

1.0 H 60°C

N

Burn distance (mm)
o o
- 2

0.0l s
0.00 0.01 0.02 003 004 0.05
Time (sec)

Fig. 9 Calculated burn distance of the grain

20 Co]7] W&ol 20 T HolEHE BH EZ
g A" 43 msecollA ¢F 091 mmr}t A4H
Aoz Ueidth AlZA dojx 2yl A9}
B Al I 2ol 0.04 mm FFO2 A AH
7F AAEGS & EARE RS 30T 4 3l
Atk EE b2 2xdA9 a2yl dxAY =
st FYUS WHo R o Fo] shEsih

# ATANE BLFH FF F St PAD
o A2EGE AN AF £A-BYH 2
o] NEHUk. 4P 45 EAAF v
AAFE NGl o3 AREAS. 2dA 3
AAN AEF SheEsIsh R2FEA el
Aaag W2E AFl FANNH Wpos
AEAOA HYT, AEAES o A4
2 ohge zZzagel 994 Jdd



ol=g

3[R

rot
it

2333

£ oA Bgso] MdE Zzade §ARS
WIS Al2=E AA Ao F&sHA AHEE
= 9L Aoz JUYIL FIoE nfIALS
& -

)ﬁ]

Tu &R R mddsis W
Eo] AGAIEAA Bk ol BIPAF
Al = ARG & IR ThEFA Y A1AAN
o} A2AAR-] FeFe] aued =d gl
Azzader dadgel= & AFen.

e

ikd]

o238

HO

1. Lee, H. S., "Unsteady Gasdynamics Effects
in  Pyrotechnic  Actuators," Journal of
Spacecraft and Rockets, Vol. 41, No. 5,
2004, pp.877-886

2. w712, FHH, HFA, “STS 304 L&A F
st7]1¢] Ede] 54, d=mFE3E A, 410
H, A4%, 2006, pp.19-25

. Tao, Y., Wu, X. and Chen,

. Lee, H. S, "Modeling of High Speed

Duct-Flows in CAD/PAD," AIAA 2000-3409

. Pollard, F. B. and Arnold, J. H. Jr,

Aerospace ordnance hand book,

Prentice-Hall Inc., 1966

. Sutton, G. P., Rocket Propulsion Elements,

6th ed., John Wiley & Sons Inc., 1992
X., "Design of a
Micro Solid Rocket Motor," AIAA 97-2684

. Barud, A. M., Gonthier, K. A., and Decroix,

M. E., "Performance Modeling for
Explosively =~ Actuated  Valves" AIAA

2005-3843

. Lee, H. S, "Modeling of a large ballistic

reactor," AIAA 2001-3770
Edquist, C. T, "Prediction of the Launch
Pulse for Gas-Generator-Lunched Missile,"
Journal of propulsion and power, Vol. 6,
No. 6, 1990, pp.705-712



