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ABSTRACT

Performance parameters of solid rocket motor with multi axis pintle nozzles were analyzed
theoretically and modeled. For figuring out the governed variable of dynamic characteristics of system,
dynamic analysis was done by using established model. To present characteristics of this system, the
model should include not only internal ballistics of propulsion unit but also actuating system to move
pintle. For solid rocket motor with multi axis pintle nozzles, not only performance of steady state but
also dynamic characteristic of transient state is important design parameter to precise thrust control.
Therefore, response time of open-loop system was analyzed by using established model and
requirement about response time was satisfied by controlling pressure.

E.

B ERdAE U5 BE =2 4R 2A 07109 4% WSS R ¥ 4
wAYseh ol@A FUE RS olgste] A2Y BH 549 Au) WS serss) fstel B4
BAe FARAT AY A2G] B BDE FUS] AAAE 7129 A A2 It 027
Q waz g7 BEe] TEY] we WANE FAEH 4L R4S muo] TAAc Fek.
U9 WE =3 ARG FANwe PPIH) 45 BE AU FH AIS A% AN
3 e e 54 54 94 Fad A 2d0] Atk g +9F 2UL Aoz A=
AR $HAZE BALS BN, 4 AolE Fal 3PN UF £F AL BET 4 UE
= st

Key Words: Internal Ballistic( W€t %), Pintle(31E), Response Time(-&®AI7}), Solid Rocket Motor(ILA]
F%1718), System Modeling(A| =5 =2 &)

Received 23 December 2014 / Revised 1 May 2015 / Accepted 11 May 2015

Copyright © The Korean Society of Propulsion Engineers 1. M =

pISSN 1226-6027 / elSSN 2288-4548

[o] =E& d=F2F83] 20149 FA & 52014 12. 17-19,

ZEdE 5d) BEEES A8 74 B 9] HAZ FEF7E 2A BZHE 17)F, 3E H

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.



H
o M
2 i)
X i)
) ok
e
By
:\|‘:1
e
s}
ki
30
o
2 op 2

fo r _[Bi o
I
° o
v
pass ol
*E
O T
n
N,

oo yd,
u
b,
o
i
2

§4 A0 of QY
R
ot
rr
él
S
N
TN e o2 N
N N
- -

.

2

-

N
)

™

S

g M

X,
2t
o
>
(N
4
52
rr
&
)
o
faos
vl
o
)
ol
oo do b by

rr
X"

o X
ra
P

T4 2715 W2
12l 13 2
o] A7 =H A2 By F
shaz, WA ¥ske 59 Q8
it webA o d 275 F
E 7% 7S &3 nA FX7
=27] 242 gk A7h 2de] 33
M4 Bergmans J.L.7} Salvo R.D.
7HAe 3 Fo] 5 =F FXAE
AlzEe BAFstar oo thdk Ale)rE
sto] A Wi hES Aoste dFE
22 2 Agyez Fg3YtH3]. Davis C.A.
¢} Gerards AB.= %o A7 At FALSH
Aoy i 4E

A e td
B |

J8 rE A oot R o ofy 2 o o

J
Iry
N
RN
Bl o
4o

%
'3
xo
&

oX o
i [0 oX,
bt o

N

o e

82 92

d

A5
e WAAE A2Ee oz 3
= 9y sl W@ B 542
JAAT, B WE w2
2 %9 W5E 59 44
gah7lolE 1 #AZ Ak

2 =foAMe 59 ¢ A=Y fAE Alofst
716l kA FR71He TrFe A WHEs A#
" A" 54 54E o8, o]F Fstd
A" 9 Aoy dAY #Fu As2 &84
T AT Al="e 2dyd tig AFE s}
At 7€y dAFelAMe FAdHY dEx A
T 2HE Fo F2 2 ad<

N
2L
[o
it
N
>
2
B
o
Loy £

>
[
Ug
ol
ox
flo
es!
aQ
—_
o
m
+
-‘ (
N,
2
rr
— —10{;
A}

2 e K

4:(end-burning) EtYL 2 FHH 3

& WHe] Ak Ad FRH 27X W
=4
=2

[0
o

= oz o
Lo

=
SR
[¢]

.

2
ot
i

o
= T
S

r2
ok g_z
ofy
o>
=2
do
fr
flo O{gl
Y
v
it 1:‘11 i}
e
— ofm
ﬁ 0
flo 4o &

e w99
t

I
)
0
o iy
2 -
o
> 2 r'l
)
- e
2 o aly
o

oy
f
i)
)
=
ok
il
ol
flo
41
RN

o u]
%
N
rl
i
A
NS
(e
i
t
N
tlo
o
.
o
k
S

oo
roh ok Ay

Propulsion Unit

Acruamr Nozde - Pintle

Fig. 1 System configuration.



22

= CICICAY a oMo D E FToNFHAFHET
TR fo 4 ™ . < L NG S S
s o B C %Lfﬁﬁﬂw_ﬂﬁﬂr
) o T
5 = %N xmﬂﬂmm EE%TEuﬂéﬂd%
— oL o of 4 o N g W
e oo T Y S G g o N A b ®
2 ﬂ%mﬁmﬂ&ﬂ - N Ny B! EL,_]_& W s B
< — %o . i Jri o o ~
~ R = g o Mot , O L W 2o 7!
< |+ CUBINC S | m o= 5 - N o R0 oF o
I 2 LT h & ARy M N sm®X T
= 0| - ﬂmo ,UI Mﬂ op — ° =) ,m o ! \,w L,_  —
T/ Il (i 1DM 0 3 5 \__)w Eny ,ML mu M@m AMN Q Ltc T o WM_ o) <H CD WM m
LR © SECEE R - e N L - -
- ) m W N} = = < 4 1ﬂ_.| 6N g g < ofn _ H B o= o =
NN pe S aP < TERITE TP o =
§ 5 s YrZ R rEsR b R TS
Tor =W s W oo Ho W W o = e o W % o E R MT -
o Eﬂ‘_ﬂﬂ%mwul & W oo op 3aT1ELd|.ﬂW}aE
X YR B4 GTEEEET T NE
5 B- ) ) [ o I
& B4 5o Y I T
Wy oA m W T T oy 9p o A o oo T+ o
£l ol B) 10, F op G i B de T N O o T O
. — g R ER S MY EW H & % H Mo T
Mm € ﬂLi_ZTﬂur«%;HoHﬁ mﬂﬂaﬁ@_ﬂ oo T
=7 = e < ®O W N X N ®mOX =i
qu S £ ;NAT RSN Mo = N MWMM@ & oA o o ® M#
8é - = o o N W R N &2 F A o
LI - b_\ 2 Topop HETomy o oo X (e
e y £ Ao By B R TSy " G 3
— 3 3 W= N T o R ou o T
g3 [=,(%8 =4 ¢ = o,muﬂ%ml«ﬂa_.ﬂ%mq%a S
gs 3¢ EE 3 B & T M P BN dlﬂLﬂﬂUraa Ap ,aoq
" - - o =y Ee o M Ho dp = . ar ! 0 %o ol
o 2 ' w o O,.# E# _zTﬂ.oH Jl‘_n‘ﬂ ~ ﬂe‘zT :.L ll _.E
22 ig N it S oF N ~ 9 o | 7 of ®
£f £k Al 3l 5 g do v m B - oy B o W A+
o3 —— | 25| E|: EN BT JTREH L b E L d g T E
miHenlEtBE e _ W, B onp® VE gals W o
giEle et ) ) R oW aE B E oM 5T T Ty
EE8 2398 5 QO 0 — W 3w X T i} o E_E ﬁi il _&,E
< &g y v v v —- € H E..# w _ZT »A‘._ ﬂE — mm o T o5 —_ V B \mp o
- = |l .- [ =1 T Ao = W W o= &K TR A B mm%
; 1= | iE | EE € 9 LB R R Ry R %
BN % FTxEglots Bog oW &
HH < T W Ao o E ) uw _E,ﬁ i 8
_ S N Poww o g ol oo TR N
in T RN T ooor FWNHITT & & P

b o

°

Aar;!

d V(‘,

dt
vlx| 20 2 Eq. 3, 4, 55 Eq. 20 WY

A =

]—/

o
gl

tgch ol W) L, R 1,5

Aslofo} 3

-
it

I

3

o

Eq. 13 2] 13 AAA Zdy) uf$-

o1717} BdE o
TF 24

E
=



23

xr
It

ur

ol

1]}
wl

W

Ct

S 2015, 6.

H19# X3

3
i
T

0

P (6)

a

RT,

- CDAfPr -

7
c

(ppAba

V.

dt

dP, RT,

A

arg]Eol

o}
=

Fig. 29} Zo] Alz8 o]

s

HEHOR Eq 5 62 A%

)0
e
3
o
o)
N
A

olJ

T
i

CF Pr: Af,

Ti:

A dell A Y

=
S

=g

EALRE

2 x=Z9

4 A%

Ce

o]

ALy
2 A9

B

o} Fig. 39 1

3]
s

T
_ZT

=K

i

244

BER

Azl

ol

v, 77}e)

HL M =T B
O o= —
N
Tz o
5 =
N
o) Njo T
T oz W
o wjr oo —_
il o
CRCIN
o) < o
v mE D
Ho oo als
- AN
LH —_—
h ) o
o = abi]
& L s
T 7 <
o B R o
1o Nomogr
TR
Gy G
S

(F:L'l - F:]Z) S lmzd + (F:fi - Elﬁ) S lm;a

(FZIQ + F:)5 - F:d - E14) S Z‘HIJL'()

(Fd37Fd1)><lmyd

Fdl_Fd3+E11+E12_Fa4_Fa5
+(‘F;1,1+‘F;12_‘F;14_‘F;15>><lmya

Fd4 7Fd2 +Fa6 7Fa3

M,
u,
M,

Fy
F,

Table 13} Zt}.

L
pu

el A

=K

= -
= 59

3

&

AzHow AA Azxdd 2

O

A

0

B
22|

SO
]
- 5
L < Sl 2] «|R
) SN NI
(@) i O || ||| F
c
_ S
e kS| 0
I I
(@)
& € &
_ c N
Ny g & <
© O g ol 8l .|
I = =l sl |~|=|B|lE|E
| @© @ w| = | Bp| O
T 2 |5E [EEET:
pR Qo ~N | =
= 2 T gl |28 28
% gl |22 El5|¢
R H C.m.l.g
~— b WJ.I Bl e
= © ZIE| v e
ol g2 &
I = (=) =
D1r ephou
SlelaldE|=|a

__L

Moment center

=
| ]

Fig. 3 Coordinate axis of solid rocket motor.
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Fig. 4 Response time of open-loop system.
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