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A NUMERICAL STUDY ON THE ROLL LOCK-IN
OF A CANARD-CONTROLLED MISSILE WITH FREELY SPINNING TAILFINS

YR Yang,1 M.S. Kim; R.S. Myong3 and TH. Cho”

In this study, roll lock-in phenomena of freely spinning tailfins were investigated by a CFD code. To analyze
a motion of freely spinning ftailfins, this research use a Chimera method, an Euler code and a 6 degrees of
freedom analysis. The numerical results of aerodynamic characteristics and roll rates of a canard-controlled missile
with freely spinning tailfins show a good agreement with wind tunnel test results. Using the roll rates calculation
result of freely spinning tailfins, roll lock-in phenomena is confirmed. Roll lock-in phenomena and Roll lock-in states
can be predicted through effects of the induced vortex of the canards control and the analysis of the rolling
moments of tailfins due to the bank angle.

Key Words : 3]% %71 &’HRoll Lock-in Phenomena), A2 HIU & (Freely Spinning Tailfin), At 211 EHCFD),
712} 713 (Chimera Method), AWM= %% ] AFY(Canard-Controlled Missile)
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F’ : Resultant force vector of all forces

M : Moment vector about the center of gravity
m : Body mass

v : Linear velocity of the center of gravity
h : Angular momentum
7 : Moment of inertia tensor

;)) : Angular velocity about the center of gravity
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Table 1 Mass and moment of inertia of the tailfins

Mass(kg) Ixx(kg:m?) lyy(kg:m?) Izz(kg-m?)
0.198 0.001 0.000602557 | 0.000602557
Table 2 Wind-tunnel test condition[2]
Mach Stagnation Stagnation Reynolds
number temperature pressure number
1.7 339(K) 56.4(kPa) 6.6x10%(/m)
2.16 339(K) 68.5(kPa) 6.6x10°(/m)
236 339(K) 75.7(kPa) 6.6x10°(/m)
2.86 339(K) 94.8(kPa) 6.6x10%(/m)




52 / =T LMFHSEE K|

PR B R E

M = 2.86, Canard Yaw Deflection= 5"
S
Ea
£
E
£ g & 5 5 & 8
= B——t%D . . . .
g 0 1
Q
8
5
i
o
32
[ I | I ] J
=3 o0 S s 6 3 10 12" Ty
Angle of Attack (Dea)
S-wind Tunnel Test  ® CFD Resull
(a) Side force coefficient
M = 2.86, Canard Yaw Deflection= 5"
g 9
|
: B
s
g 3
.U__ e —aed O +— = . SR P LI
§ o
E
5
= 3
=]
£
I I ! I ] J
> =3 o0 S £ 6 3 10 12" Ty
Angle of Attack (Deg)
S-wind Tunned Test  ® t_’ZF;I'J Hesull
(b) Yawing moment coefficient
M = 2.86, Canard Yaw Deflection= 5"
T 04
5 o2
=
® = |
8 ? ” 1 i 1T s C
§ -02
E
]
= 04
=4
=
% -0.6 L ] L] 1 J
- - o0 S £ 6 3 10 12" Ty
Angle of Attack (Deg)
S-wind Tunned Test  ® (EFD Hesull
(c) Rolling moment coefficient
M = 2.86, Canard Yaw Deflection= 5"
800
400
.i‘ B
E Ot v
5 B
B4 | : | o
g 00 [ % "
800
1200 I | ] J
- o0 S £ 6 3 10 12" Ty
Angle of Attack (Deg)
S-wind Tunnel Test  ® CFD Result |

(d) Roll-rate of the freely spinning tailfins

Fig. 6 Validation of CFD results
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