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Study on angular motion characteristics and control stability
with fixed canard dual-spin projectile

ZHAO Xinxin,SHI Jinguang, WANG Zhongyuan ,ZHANG Ning

(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract; To deeply understand the nature of trajectory correction mechanics of fixed canard dual-spin projectile,
the angular motion characteristics and control stability under the control of fixed canard were studied. According to
the knowledge of exterior ballistics of rocket and projectile, the complex attack angle motion equation of the fixed
canard dual-spin projectile is established, the expressions of the specific solution corresponding to the control force
term of canard surface and general solution corresponding to the resulting initial disturbance term are derived. It is
theoretically explained that after the fixed canard takes control, the complex attack angle motion of a dual-spin
projectile is composed of the forced angular motion of the complex dynamic equilibrium attack angle with the
complex control equilibrium attack angle, and the free attack angle motion generated by the initial disturbance of
the canard control. Based on this, the control stability condition of the fixed canard dual-spin projectile is proposed,
and the mechanical nature of the trajectory correction of the fixed canard dual-spin projectile is analyzed by solving
the complex velocity deflection angle caused by the control force of the canard surface and the complex disturbance
attack angle. The numerical calculation results of the trajectory that the fixed canard is controlled at different roll
angles show that the angular motion’ s analytical solution deduced theoretically is consistent with the numerical
calculation results in terms of frequency and amplitude. It’ s verified that the complex attack angle motion equation
under the control of fixed canard deduced in this paper and its analytical solution and the control stability condition
are reasonable and feasible, which provides a theoretical basis and design reference for the development of this type
of projectile.
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Fig.5  Curves of complex control equilibrium attack angle

motion after the control starts
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Fig.6 Curves of free attack angle motion after the control starts

FH T i 0 6 52 Bl ST A S 7 A s
PRI AT DATA A A 45 I [ WS e %o 55 T80 A 38 3 A 52 i
S A A B s &, SRR
B, BT g5 T TR VR B A 4 B 0°, 900,
180°F1 270° I Y S P 5 4 ff iz s ith e, HAE S B0
AT e LA SR A )P A5 1 A rpocs 1 R g, Ho iR
[R32 ShAR P idl R & | 18 8132 a2 Wil s T A, iR
HEKEL R 2 A, ],

7 ;
0°
3 ———180;///
3 \
~ 1 o g
3
-1
-3
-5
8 6 -4 2 0 2 4 6 8
BI(°)
(a) yp = 0° 5% 180°
7 :
90°
St — — —270°
3 o =—
H T T B
A = 8N\
— / =N ]
c 1 1777 )
3
! \\i\g///7 ]
-1 \\\Sf"—;//// 1
=7
-3t —
-5
-7

s 6 4 -2 0 2 4 6 8
BI(°)
(b) yp = 90° 5 270°
E7 BEFREMHNNAHEDIMHE
Fig.7 Curves of complex disturbance attack angle motion after
the control starts
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Fig.9

Curves of complex velocity deflection angle motion after

the control starts
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Fig.10  Curves of terminal trajectory in controlled flight
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