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The Analysis of Stability of Spinning Fin Stabilized Rocket
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Abstract

The mission requirement of military rockets are focus on the rocket's target impact accuracy and
required range. In order for a rocket to achieve this goal, it is necessary to remain stable while in the air. There
are several methods of stabilization. For example, the use of fix fins or canted fins to spin rocket all the time.
In this research, the stability of the 122 mm spinning fin stabilized rocket were analyzed by using wraparound
fins that were unfold after the launcher. The analysis showed that the rocket had a static margin greater than
0.5 caliber, so the rocket was statically stabled and gyroscopically stabled. The dynamic stability factor is 1.62
to 1.83, which between 0 and 2, so the rocket was dynamically stabled. By three types of stabilization, the
rocket would be able to maintain its flight. The results of computer simulations showed that shock wave were
generated when the rocket passed the speed of sound. However the shock wave were not affected the stability
of the rocket.

Keywords: Projectiles, Spin Stabilized Rocket, Static Stability, Gyroscopic Stability, Dynamic Stability
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2.1 w@dgsnwwuuann (Static Stability)
AuFeINTRddRueInTEaUTuvaaTIAMIL
FotafiesnIw 95I9ResllAuEdsTLUUADA (static) LAz
wuulalsalaln (gyroscopically) wagdndumoadinau
\@desuuunadn (dynamic) A8 wdindunianisiuay
dufinnu 1adiesamuuvann (static stability) duugiu
AUVUIYDIYAAUINA1IUTIRUAY (center of pressure)
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gravity) ¥899530 DWUNUA C.p. DYNAIRA C.g.95INLH
ANUEDETUUUARR 90 [4] Fuvls cp. AITBENET C.g.
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c.p.
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(gyroscopically stable) uinnazlifii@iosnmuwuvainf
A3l
2.2 w@ngsnmuuulalsalatin (Gyroscopic Stability)
adgsninvesasiaiuulalsalaln ¥9935IARUY
NYUAIUITONILA LABNITATIUIUAT Sy (gyroscopic
stability factor) Ing [7]

o pd(1, .
v,
3
m=20c ©)
21,
P’ 17p’

KTV 2
pl,SAV7C,,
Toeil
I = lunaudanudesseuwnunuen kem?’
ly = lnuudnuiosseuwnunIaueng kg-m’
= AN ATWNTOULNUR NG rad/s
Nufinthdnasan m?

AUMUNLULYBIDINA kg/m®
YUIAITINGIEA M
= AN m/s

C, = Static Moment Coefficient/radian

<N v g
I}

Waulvanuadeswuulalsalaln aunsamlaain
DAUNT

AM(S,-1)>0 (5)

dmsunszauluvieasailddnnuaieswuvain
(c.p. 2¢11 c.g) A1 M > 0 aaunisil (5) anguasnany
Jueaunsiafosnmwuulalsaledniude

S >1 (6)
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A157199 1 Waulvvesadusanwuulalsalatn

mﬁmjaqnizquﬁaaiqm Gyroscopic Stability

Criterion

3IALUUMYY (Spin)
(M>0) Sg >1

AFIALUUATUTNA (fin) fadesnmlalsalaln
(M<0) (uailaifinsva)

2.3 LENYINTNLUUNAIR (Dynamic Stability)
91999910 [4] ANLEDTAINLUUNATAUNUAY Sq
oo

2T+22 .
jo2rx2a
H+24
pSd _
H = E[CLQ ~Co-k?(C,, +Cy )| ®
_pSd -2
T=2 [C.+kCy,, | 9
Tne?

A = damping exponent per caliber

m = 1783930 kg

k. = Axial radius of gyration (md¥Iy)

k. = Transverse radius of gyration (md?/l,)

CI_a = Lift coefficient per radian

C, = Drag coefficient

CMq +CMQ = Damping moment coefficient per
rad/sec

C, = Magnus moment coefficient per rad/sec
pa

o
o

Tune o sl A dewirduaud dsluauns (7)
nanelu

S, =— (10)
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Ffanuaiosuuvadn sxdnuaisswuunain
waneulaglifinn vy
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3) 4161 Sq WINNTT 2 wIeteendt 2 Ny uAuly
91937l amnfiflanuadoswuvadn lifian
LR ETLUUNEIALA VOULIATDY NITUYUALLLILAY
(axial spin) ivlvaniaadesuuunatn wldanls
NOAUNIT

P2 < aM

— (11)
S¢(2-5y)

Roulvvauadiesnmuuunainvasasiadihifinay

ineswuUEnn (M>0)
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P?> SL (12)
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4) dmSuasniidanuadeswuvainaziinnuaies
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Si<sd(2—sd) (13)
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Rocket Parameter
Rocket Weight
122 mm Rocket | oo | Mot | polar
Length
kg mm mm kg.m? kg.m?
| BefBumn | 67.10 2756.80 | 1340.48 42.420 0.150
Design Aft Burn 43.60 2756.80 | 1167.20 33.430 0.110
BefBurn | 66.98 2757.00 | 1323.56 41.590 0.146
Test Aft Burn 42.39 2757.00 | 1140.89 30.477 0.113
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tational Fluid Dynamics) n1331a89ngfnssunising
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JUT 3 wunm Pressure M1AN53 Ma = 0.5

U 6 wwunm Velocity 7ienaids Ma = 0.5
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gﬂﬁ 9 AUMUN C.g. WA c.p. MIUAT Mach Number
(a=0°)

P59 3 A9 INANAANEATVDIRTIN 122 131.(a=0")

Mach Number Cy Ch Cma C mg +C ma C Mpa
0.8 0.39 7.59 -5.21 -220.00 0.50
1.1 0.60 9.55 -6.97 -220.00 0.50
1.5 0.59 9.13 -6.54 -290.00 0.50

4.1 \@dgsnwuuuann (Static Stability)
AIANLEDESWUUEDR (Static Margin) milsann
aaun1s (1) Tumiisa1diues (AsuAUIUIATD9950)
ndeyadunis cg. ag cp. LsldAAnuatiesiuy
afinnsasin (Mach Number) snaigudl 10

|Xc.p. - Xc.g. |

0.00 I I I
0.00 1.00 2.00 3.00

Mach Number

4.00

U7 10 #1 Static Margin #11A1 Mach Number

4.2 \d@desnmuuulalsalatn (Gyroscopic Stability)
NNIAUINAULTIALERNIINITALUVDIATIAN 6T
° a aa o a
PnMsAmwadULIineuen daguil 11
AsUszluanuadeswuulalsalaln vesasin 122
a o v a
1. PINEUNITN (4) tag (5) Imamﬂamauﬂamnmiww 2
HANTUTBIULARIRITUN 12 uay UT 13 desialudl
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i v s Spin Rate
800 A \ I 60.00
T \ o0
E \ - 40.00
> b
400 R . I 30.00
Nm - -
. =TT F 20.00
200 T
F 10.00
0 T T 0.00
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- i I3 %)
E‘U‘Vl 11 ﬂ’]ﬂ'ﬂ’]llLi':lLLa%a@i'}ﬂﬂ’]Tml‘!usﬂaqsﬁﬁﬂ

p (rad/s)
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t (sec)
) ° 50 100 150 N1591899038 CFD 91n3UN 3 LansA1AUaUA
.0.000002 - Ma=0.5 WUIIAMUAUTIUS A50dA1UTENRL 104,800
0.000004 Pa 71%19519Ka21189590 WUEIUAUAUET AN TRY
-0.000006 "LJQ‘I6 i I ﬂa'M_OS <
0000008 |- NFUN 6 WARIAIAINEIDINAN Ma=0. wumwmza
s, 000001 50U%) 950LAIUTENIAL 173.6 M/s LAZNUEIUAIIULT
-0.000012 ARINTILaETNEaTIN JUN 4 WARIAIAINAUN Ma=1.7
-0.000014 H | a 0 =~ d'
0.000016 wuIdnisiiauuiniuden (shock wave) finsidsu
-0.000018 wlasanusuegeinlan ANuRugRudsiIuLLIARY
-0.00002

o P Y] < a & o Y]
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HuwuIveInduden UM 5 waniaauduiina1ms)

U7 12 #i1 Gyroscopic Stability Factor 2599 122 313, L R L
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t (sec)

JUT 13 msrwnanuadsswuulalsaladn

4.3 \@hysAINLUUNATIR (Dynamic Stability)

o1fedoyanissranwhelusunsy CFD aums1ed
3 @ANU15OMIAIAULAD YTHUUNATRINNENNIS (8),(9)
uaz (10) HaMIAUIMLARITFUT 14

UM 11 WERINISAILIUAIIS AT SRIINI TN
YBIITINAGDALIANTITINABYBEIUBINA mwm%aqaqm
9993590U5U 1,060 m/s WINAUUTEUIM Ma = 3.0

19 Tuvauzdisnsinsusugsgaegil 77 rad/s mnuiiigega

L85 | wifintuiigailidemagnunindiumme el

18 wardnsmyuaInnsaAwIuaEissuuulalsalaln

s, 175 memugﬂﬁ 12 wudn A1 Sy < 0 MaenYensiuYes
17 | 2590 NFUN 13 WUI1 4M (Sq - 0) Bg52nI19 0.00005

Les U &9 0.000075 Fudulumuidoulvanuadosauaunisi

16 b (5) fehuFwsuiuldisniiruatoswuulelsalaln

Lo , , , , LazaINgUTl 14 mMsdwimeNEdssuuunaih wui
o0 40 (60 ) 80 100 10 S¢ 08381319 1.62 - 1.83 lusgnineienstu Fauds

t (sec

Usziulen 9599 122 wu. fenuadesiuunain
U7 14 ¢ Dynamic Stability Factor ¥943530 122 14,
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