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ABSTRACT

To develop reliable dual pulse rocket motor, vacuum ignition performance at high altitude and
design stability for rupture pressure of the Pulse Separation Device(PSD) are required. In this
study, rupture pressure analysis method for the membrane type PSD of the dual pulse rocket
motor was developed. The PSD rupture pressure formulation was derived from strain-pressure
relationships. The PSD vacuum rupture test apparatus and the PSD 1 second vacuum ignition
test apparatus were developed, which can simulate the high altitude vacuum environment.
Rupture pressure of PSD was analyzed by conducting the PSD vacuum rupture test, and design
values of PSD were derived. Finally, vacuum ignition performance and rupture pressure of the
designed PSD were validated with PSD 1 second vacuum ignition test.
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PSD : Pulse Separation Device =27 Aolo] TEBS M Ee] 2AAZ 9
P : Rocket motor pressure A3 AT AT= Aol 15 Brsh 27 B
r : Rocket motor radius Mool Wmel AEgATT ANDH3A] T
t : Rocket motor thickness 2} W 7ehske] AwE pspel s bW
0o : Rocket motor hoop stress 2783 =04 l:%% 78-@% 7};(] 5 glu}
€ : Rocket motor hoop strain =

: 2 Pulse rocket motor hoop strain

€y, €4 1% Pulse hoop strain

E : Young’'s modulus

v : Poisson’s ratio

P, - 2™ Pylse rocket motor pressure
Pt : Atmospheric pressure

Emax . 2" Pulse rocket motor hoop strain

when the PSD is ruptured

— : PSD rupture Pressure

P, . 1% Pulse rocket motor pressure

Py rupture - 2" Pulse rocket motor pressure
when the PSD is ruptured

EPDM : Ethylene Propylene Diene Monomer
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Fig 1. PSD Vacuum rupture test apparatus.

Inert Propellant

- / T —
%4/&%’:% o

Igniter

Fig. 2 PSD 1 second vacuum ignition test apparatus.
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Table 1. Summary of PSD vacuum ignition test.
No Test PSD PSD Thickness of Ruptured Time | Rupture Pressure
" | Type |Material | Rupture/Cylinder Part (msec) (psia)
1 5/8 35 67
2 | Rupture 10/15 143 82
Test
3 EPDM 10/14 123 102
4 12/14 81 106
1 Igniti
5 See 10/14 123 133 gnition
Ignition Delay
Rupt
6 upture EPDM 10/14 - 133 1 Unruptured
Test
7 | 1 sec :5 10/14 45 171
Ignition ' 10/14 60 153
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Table 2. Atmospheric pressure from altitude[7].

Pressure (psia) Altitude (km)
7.7 5
3.77 10
0.78 20
0.17 30
0.04 40
0.011 50
0.003 60

0.0006 70
456 x 10° 100
2.28 x 107 270

Table 3. Summary of 1st pulse rocket motor vacuum
pressure converted into altitude.

Simulated
No. Atmospheri’c P? Altitude
Pressure (psia) (psia) (km)
1 14.65 0.48 21
2 14.59 0.31 27
3 14.58 0.14 29
4 14.5 0.33 26
5 14.49 0.26 27
6 14.4 0.14 29
7 14.46 0.48 28
8 14.47 0.22 26

3.1 PSD ¥ ogAd A3
Fig 19] AFARAE o] &3t ZFEA A
W AFdS o PSDY AF 2 FIddH
% A3t Table 19] 1% ~4%}, 62 & 53]

@
ﬂ
i

4 wA F Asol AEes BAY T %
2o ol A= ﬁsﬂs}aau}. whebA A
A A8 Fig. 5 o+ Fig.
Aol Alvele ElolE = *H%?—-_} ,\ll‘/}.

— P, (psia)
F’2 (psia),

Pressure (psia)

P.:0.64 psia
P,: 3.49 psia

T T T
0 200 400 600 800 1000
Time (sec)

Fig. 5 1st and 2nd pulse rocket motor pressure at
vacuum condition(test 1-vacuum).
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Fig. 6 1st and 2nd pulse rocket motor pressureltest 1).
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Fig. 10 Rocket motor pressure and strain(test 5).
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Fig. 11 Rocket motor pressure and strain(test 7).

Table 4. Configuration of ruptured PSD.

1st 2nd 3rd 4th
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5th

Unruptured|  360°
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