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A Study on the Pressure Increase due to the Foam Left in the Radial Slot of
Propellant Grain

2z g 8 5 s % Z N*
Kim, Jong-Yul Jung, Gyoo-Dong Yang, Jun-Seo

ABSTRACT

The radial slot configuration in the solid propellant grain is usually fabricated by the polyurethane
foam slot former. The foam cannot be easily removed from the solid propellant, some can remain in the
slot. Analogue solid propellant rocket motors using polyurethane foam to shape the slot are static fired
with the foam former still in place in the slot. The pressure increases at the slot part are measured and
there are indications of the propellant cracks at the insulations above the slot. The pressure increase is
produced at the beginning of the burning sequence as the foam will hinder the combustion gas of the
burning propellant from flowing into the central bore. The pressure increase up to about 300psi is
predicted for the motor tested and this pressure increase depends on the gap between the propellant and
foam surfaces and remaining foam volume. This amount of pressure increase inside of the slot is
estimated to cause the propellant crack. To prevent this pressure increase, minimizing the foam remainder
in the slot and making sufficient chamfering at the corner of the slot entrance are suggested.
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[22 1] Radial Slot Grain fabricated by Foam Core
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[28 3] Pressure Calculation Model at the Radial
Slot Part
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[# 1] Pressure Increase at Several Foam. Height
Left in the Slot Part( ; = 0.268)
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157 139 | 54 89 | 38
1.86 13 | 45 74 32
2.14 93 38 62 27
2.43 77 32 52 23
271 64 27 44 19
3.00 53 22 37 16
3.29 44 19 31 14
357 37 16 | 26 11

[E 2] Pressure Increase at Several Foam Height
Left in the Slot Part(W; = 0.0)
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HMH=0|/E Bmm 12mm 8mm 12mm
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1.86 65 27 45 20
2.14 54 23 38 17
243 45 19 32 14
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[E 3] Relations between Tested Motors and Foam
Amount Left
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[23] 8] Maximum Strain Location at the Radial
Slot Part

8 FARDLE FA, 2oy, HIAH st
IS, T2 MR Hed FARDS AH8st
A .

34 2 4 ZE A WYL £xRe
a9 58 o] X EERAY WHe] AX

% d¥sHe 4 UL o] Ag X
EF B9 R9de WS AFHo Iy
o] A F7kHAl Btk 1 A3 Y Ee a¥
63 o] £F AR FAA BHoAM TS 50%
FEolt}, ojuje] <MLL FUA e JoHIAES
Ag3t] AHE3H 10284 3& dE 11Rg ¢
omgl 224 gdo) Y s15Ae] Eoh Yy
d EXRYd G §lo] dERS} 9% ¢
HY Fg FA ) ALe o) AIEL 14% F

2

Fo g olmo] HALL 455F0|t). wEbd o
d £2%9 ¥Vl FHAY WEE e U}
Aer, di Agd AT7E FAVH 69 Ay
2ol ¢8EZ717l 300psi FEOIH FXA Yy LA
7Vsidol &k
AAE FAA N ZYo] HAY FAS AL2AE
o] A 2 HEXAEAA LAHAT 9A AU
F5-99 dadAdA SHE HIEo| HIFYHL
Asstd £FEHAA dh F dYol FUM
AE YA o8t gEIUAAL daF
Aol HEARYrE =&H7 Aoz ¢
Z7F 9L F3A agEyor dddn. E3
A FF 39 AEREYAA YOd &3 ARe
EPDM W €A HIAZAQA =g 2tvlEHo] gl
Qo ol FZA FAPYFYo g AdY 27| =F
3 WEAZE dartee oF 550 o3t Awid
RAoZ MUY F 390x49} Zo] ¢4FHIFT K
e 27BN E BE ZAEA ZAV|BRT
e FY Frt 29 £XFH4 F o] 2
EA9 4¥FI) JMeAe Y FME A8
01 9\11;}_[1].

o o

A

5 %z

£ A7INE E 3012 A83d A A F
A#el Az Al g4 37 Aol vske] £ 2
ol We gezlsh olz A% A9y 7bs
¢ Asgen dedt Be AR AT

ox I

=

HE

71 € E 70 A 4Fol AL & e,
a Azle FAAG 9 Aa719 F AA &
olel melN w2 tolrt WA

2) 9ax7] Yy SE5NA 300psi +F 44
F7WF 2R B FAA 2Ye) 2T F Y
o xR AUy 9 dA AL F9 4
EEYAM F34 2 T FAZ B

3) AHHE €% 49 2YgLe T 3o PEF
< H2HNT L EEYTA FES IV BA

D #Hg &% Fo] IAEde AHdMe dax

- AT LARE}238A] ATE A4z2004E 12€)/ 131



e

Ho
~
A
]
I
Ha

o] O

2 o dlo & WalNg 5 B
gz FHE FEZ A4 WA
oF @,

2 do

e

Ao

g

[1] Knareshboro et al, “Method of Manufacturing
Solid Rocket Motors”, United States Patent

132 | k=2 A8 7)e 83 2] A7 A|4320043 129)

6,101,948, 2000.

[2] J. W. Murdock and W. A. Johnston, “Flow-
Structural Interaction in Solid Rocket Motors”,
The Aerospace Corporation RTO-EN-023,
2002.

[3] ABAQUS, Version 5.8, User’'s Manual, Hibbit,
Karlson and Sorensen, Inc. Palo Alto, CA.

[4] Structural Assessment of Solid Propellant
Grains, AGARD-AR-350, 1997.



