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ABSTRACT

In this report, the process characteristic(viscosity), mechanical properties, combustion characteristics,
ground and flight test results of propellants used for a rocket-assisted projectile are described according
to several aluminum contents. As the aluminum content increased, initial viscosity decreased, viscosity
build-up accelerated, and combustion rate and pressure exponent decreased. In the ground fire test,
the total impulse of the rocket-assisted projectiles containing 10 wt% of aluminum were 5% higher than
that of the rocket-assisted projectiles containing 2 wt% and 18 wt% of aluminum. The motor efficiency
compared to the theoretical performance was 85.6% with 18 wt% of aluminum, the lowest value among
the propellant compositions.

= =

]

E =8 4Frw IF Wl e 2ARZ XIEP(RAP) £ F3A FAHAEARAE), 71AH &
A, , A 2 HgAIE At #ste] V)EsteTh dF z
23t AE build-up WA Y AAhEE I JHAFTE Fadhe AE FRASAT AGARAIGel
AE &ZujFol 10 wt% ¥ RAPol &FErFo] 2 wt%, 18 wt% 3Hd RAPoﬂ ] 3 %9‘%@01 of
5% =9kom, o]24F tiH 2 &&2 ¢Fu|Fol 18 wth FiFE FAol 8.

Key Words: Rocket Assisted Projectiles(Z7 . ZFZ1 &), Aluminum(%F1]¥)

LM = Ul AA7|ER AR K9 AFE F FAREH
15528 AFEE AT BAAAT] T F

19850l ml=o] BF& 155M e AFEE 3 8 HAEFRINAAZ 85 go[1]. =3 vE
= EEe]l FEoR AT K55 A2, K55 ou] Z3prl Hold 1554 Ewre] Aeg ¥
AFZE AN T KBAL AFE 2L F AN 6 AAEY, ARE Fd, BF
A48 e VHA HEE S ste WEF

Received 7 Jure 219 Reise 7 August 2019 / Aceie § August 209 o2 AgvfEe] A dWsel Ao £
Copyright © The Korean Society of Propulsion Engineers o] AIARE FUAI7IE TR B SR
pISSN 1226-6027 / elSSN 2288-4548 ° =
H

f‘—_l‘r—o}‘ftﬂ-/]ﬂz‘szi7i
[o) =8e I3 NS ZA30)SI2019.5. 29-31, € wole ¥, 6 v e
Aozl A2 sE) HEERS AR 424 - Helksh A9l ] W, vg 3 dAEseE dEs

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
[licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



H23# A5Z 2019, 10. LF0E

g mE 2AEZ

FRHS FAN 54 61

So] tiEZolty23]. 1558 Eeke] AbAE E4
W F AR ZFZIEHRocket-Assisted  Projectile;
o]3} RAP) XEwho] WALE ol A A A A
g9 3, AAYE FuiNIe 28 T
stitoltt. 15 5“131 T S T BAEE
4 ol A 7383t setback force”Z}
Akl 013? &0 7 3| Hsty HPI4].
% ATl A= RAPE HIPB/AP/AL o 1L

A FAAE Fgstgon, nAFA 2HA
A/AZ/ER &4 R olE &3 RAPES A
FAEAE Al Bate] JEdAT =3

A3 By A

dEAFES Hlal 45

RAPEHS] HIYPAH S F3
214 2

2. RAPE FZIN| M=

2.1 RAPE F3A =4 9 444

RAP& XA (Rocket-Assisted Projectile Pro-
pellant Grain ; ©]3} RAPG) &/ HIPB (Hydroxy
Terminated Poly Butadiene, &4+4dslsh) n}
JH AzEe AHgsdon AsAlzEEs FEL
2 ¢ EF(Ammonium Perchlorate, AP, &3}
& VAAEEE EFVF(Aluminum, Al, &%
2o JANAE A&t =24e A
Rl Table 1o YehHAS. =4S Al FF
(wt%)oll Wl Al-2, Al- 10, Al-182 H 93T

3) 2

143 7E 3 dxdte FAAE 4E d
Aol s 2e Ul 4F S B dassE T
7b Sol HdHEH, 53] Al 4AE 2L HF

53
o7 &l Il & FEF(spin effect)o] =71

Fig. 1. Rocket assisted propellant grain.

o Zo] MHAWMFZ HEIATH5]. Al
HTPBA| XMH
HAd 18 wt%=S

RAPGE 73 (regressive)®] A4S
B EE 3719 slotg 717 Y958 FZ(3slotted
tube) 2 A7 o}ait} 314 -& 3k RAPGY cylin-
der F-&olAE < 47—5-7} 748kl slot -
e dask=rl
[7], 19k 22 SAc= Qs HAE diud
o] WA Fol= FH(neutral) =
gressive) & AAadEOE WIPF o= 4=
ste] dA S AT

22 RAPE FXA Ax 9 EARA

RAPE FZ A= Baker Perkins Co.ollA] A=}
3t 2 G/L Vertical mixer2 &3}3}% 2™ mixer
9 &5+ 60 + 3CE FAAT E37 ¢4=
3 FA= —erm‘—él TAE T3 2 4
SFEEHHT. moldell ME TASIHRIL 60T 22
olA 72 hr A3t F o|¥E& FYP3Ah F3A
a9 2

A= —Zr_%"‘ o2 Azxd
SI

Table 1. Propellant composition (Wit%)

Al-2 | AIF10 | Al-18
HTPB 10 10 10
AP-C1 53.5 455 455
/ AP-F? /315 | /315 | /235
AL-F° 2.0 10.0 18.0
additive 3 3 3

'AP-C : Coarse AP (approximately 190~200sm)
2AP-F : Fine AP (approximately 5~7;m)
ALF : Fine Al (approximately 7~10ym)
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Table 2. Mechanical/burn properties of propellants.

Al-2 | Al-10 | Al-18
Coarse/fine particle ratio | 6/4 | 5/5 | 5/5
Maximum Strength, Sy,

0.76 | 0.71 | 0.72

(MPa)
Strain @ max. stress, E,,
N 375 | 32.0 | 36.7
(%)
Modulus, E, (MPa) 42.8 | 389 | 38.8
Shore A Hardness 59 57 58
Density (g/cc) 1.72 | 1.76 | 1.79

Burn rate, 1,
(mm/s @ 10.3MPa, 207C)
Pressure exponent, n 047 | 046 | 0.35

18.03 | 17.75 | 14.29
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Fig. 2. Effect of auminum content on viscosity build-up.
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Table 3. Ground test results (temp: 207C)

Al2 | A0 | AL18

regressive

Burn pattern

Peak pressure
(MPa)
Peak thrust
(Ibg)
Burn time
©)
Total thrust
(Ibg-s)

Delivered specific

17.0 18.6 16.4

1283.2 | 1395.2 | 1293.2

2.74 3.61 4.45

1434.7 | 1515.2 | 1444.7

. 2246 | 230.8 | 217.2
impulse (s)

Theoretical specific
2432 | 2499 | 2537

impulse (s)
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Fig. 3. Pressure/Thrust-Time curves of rocket assisted
projectile (ground fire test).



64 =P

B

=

re
ro
ui
I
)
OH
o
ﬂ
)

sl it (regressive)F o] AAIES HY
o AAAZEE ALEE9} FASHA Al27) 276 s
2 73 wskom, A0, Al18 ©] 2 361 s, 445 s
o7 vyt Ao 48 @ F82 Al100] &
7} 18.6 MPa, 13952 IbfZ 7Fg E3kow, & o
2 w3 15152 Ibf-s2 714 E=U4th Al-2, Al-10
98 A FEoE FlFHAen ¢
g2 Al18°] 164 MPaZ® 7F8 W& kS el
Wt

A ALY S

Lo

T AL AA HFY
(Delivered specific impulse)? CEAE F3l o
=3t o] & H|FH(Theretical specific impulse)<
Hl st Fig. 40 Yetlith. &Frg ol 2
wt% 9 Al-27F o] & H|FEE 243252 T Y
UA LA v e dRuE Tl 18 wik
Q1 Al-189] 217.2sZ 71 Eokt}. w3k Al g
o] 10 wt% 7HA= °ol& HIFE g A H]iiﬂ
o] X% Asdte AAE R

oiH) A BFEe] &S ALERS W, &F
g ol 2, 10 wthl Al-2, Al-10S &%
MFE TS oF NI%E F
AbetAaL &FHlE FEFol 18 withdd Al-189]
< oF 85.6% = AAMEAJT. &EFAF

o]E H|F

_I

T = ‘%
AAE T /agte] An BHANA AspA 9} W
$3he] ABHATUE(ALO) YA Hed, 2
st Frlg dAeE A4t~y HlE fE5E
h2x %1 wE F2TE AW BAY ¥ &
Ao BEe BEL FAAANE Gl Yt
TS EF/E AAFAANA AL FuES F
260
O Delivery specific impulse
255 O Theoretical specific impulse @)
@ 2501 O +
g 245 i i
;. 240] —?— iez.s% E
2 5 1 92.3% : 85.6%!
g | 5 !
£ 2301 T |
%: 225 ] |
g 220 e
& 215 L
210 T T T T T T

————
0 2 4 6 8 10 12 14 16 18 20
Aluminum content (wt%)

Fig. 4. Ddlivered vs. Theoretical specific impulse acoording
to aluminum content.
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