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Nose shape effect on flight dynamics of supersonic guided missile with
continuous deflectable nose
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ARTICLE INFORMATION ABSTRACT

The flight dynamics of nine configurations of supersonic continuous deflectable nose guided missiles
have been investigated. The studied configurations consist of a spherical nose tip, a tangent ogive, a set
of stabilizing tail fins and a cylindrical body having a mid-section flexible enough to form an arc of a
circle. So the cylindrical body consists of a fixed part in the vicinity of nose, middle flexible part and
main body with stabilizers. The effects of fixed length and flexible length parameters on the flight
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Ei‘;f;ﬁ{f;;e Nose dynamics of surface to surface, anti-aircraft and antimissile missiles have been studied. A code has been
Body Flexure developed to solve full Navier-Stokes equations using finite volume and modified Baldwin-Lomax
Maneuverability turbulence model. Further, a 3 degree of freedom code has been developed to compare planar flight

Aerodynamics

; ; dynamics of missiles. This code consists of a guidance subroutine based on pure pursuit law. The results
Flight Dynamics

show that even increase of fixed and flexible lengths enhance the maneuverability of the missile, but in
some scenarios this can lead to increased flight time and more errors in the target engagement.
Deflected nose relocates mass center away from the axis and a thrust vector torque is created. Study of
surface to surface scenario shows that this torque improves accuracy of targeting and the ability of
target dislocation. In air defense missiles, increase of Fix and Flex variables will extend the limits of
allowable firing angle. However, a heavy nose increases the role of thrust torque and subsequently
decreases the role of nose geometry.
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Fig. 3 Variation of the pitch moment coefficient versus attack
angle
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Fig. 1 Missile configuration with deflectable nose

Fig. 2 Rotation of the missile to new trim condition caused by
the torque of deflectable nose
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Fig. 5 Free body diagram of missile in a moment of flight
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Fig. 8 Impact error of nine missiles, fired at angle of 30°
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Fig. 6 Missile trajectory up to a target which located %15 ahead
of ballistic range
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Fig. 7 Target location effect on missile trajectory
Sga Sl e 5> Bas Coadso JIT b

odel 1 Jgaz 0 5500 cumdy i 51 S5 5o 50 55 Sidae gl
RLIUW] PRV PYRRPFINE We-3v | FRCSVRP VRVLIVOWE B | LR UE R PR C o DI
g oold )18 Sl 0y Gl o LaBo Bun (ST a5 04l 0 cdwline
W0, 50 Sihge ol dlys 8,65 5 sl %10.2 cel Sige colan
syp5r slbs %04 5 %01 o Sl 5 11 5 0.9 Jols s Gl
JSie jl>o 0.85 alols ;o ua 4 5,95 5 0 F9 ol jzlas o)l
b ) Calie 90y ps (S sed oonlin |) Ban Feaiua ez g oad
5 Lo Sy s sl 3330m Comdy nl o il 5 aalys

2ol 100.04 5,95 5 sllas g 48,5 & g0 Colon Wb ioljdl a0
G bl waler Femis o p ik 90 Slawl 4 5,550 0 Sige
3,95 slas Sdb o, 115 alols ;o s 4 0,45 0 40 45 (5956
aly Gillaz ;0 D Seza wo 4yl Cuxdg nl o azliz sl %3
)97 p sla (Sige el )] plllmsgy alS L g ol £9p0 5095 Culbe

0p 12 aols o Bam 40,95 5 10 Sbge b o ial;31%5.6

Bar (5,5, 8 calie slacunsy yo ) s_éML.sUa}]. Jga\a
Table 1 Missile impact error in different locations of the target

3,95 dlaids 3,95 p sl Femine s agl; Bua dold
Sl 8 San alols (a>,9) Sl 8
0.85 -0.043 35 0.85

1 +15 30 0.85
0.899 -0.095 30 0.9
0.998 0.2 30 1
1.096 -0.372 30 1.1
1.119 -3.051 30 1.15
1.094 -5.558 35 1.15
1.043 -15.705 30 1.2

1o)leis 16 093 1395 ORIV (30 Sl wdie



Ubhled 9 SilEA yule

3900 Bgdlo 0359k Il dD Suiigo Sl pe Saolivd O Aiwgay pdsdlassl Atlod duw ity Hil S

NGO PR A g p?l.erc LQL"-*-"B-“ )‘9).a 8[.9.:)‘ A S ij &L‘u)‘
2 il Sige aclos g 04l Bi> 4> 04 Saied Codgaze S|
b Sige 5 o oo SISl uiz il 45) 098 oaras oY e
5 0 dmlss 0l lewy Sige j5ile a8 (09 00 axlge (S50 slog e
3o o> dygly Dbl (Jg 020 oo jums yudd MolS Bud Cug, (axe 4
S5 0 (Sowes Cudgazme (5 5 b Shge e Milige (Rl jlenn

sl 0 MLO.A 14

T lislocati
Detection range
-100% -50% 0% 50%

el

-
-
-

-0.6%

Ballistic range

-1.0%
—Start Mach No. 5 - Without Thrust
- = Start Mach No. 3 - With Permanent Thrust

L]

Fig. 11 Thrust effect on improving the accuracy of surface to
surface missile, fired at angle of 30°
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Fig. 13 Antiaircraft missile trajectory in different firing angles
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Fig. 9 Impact error of nine missiles, fired at angle of 80°
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Fig. 16 Angle of attack fluctuations and command power in
nine antiaircraft missile configurations
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Fig. 14 Comparison between trajectories of missile with and
without nose deflection limit
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Fig. 15 Trajectory of nine antiaircraft missile configurations
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Fig. 19 Antiaircraft missile engagement with a target at a speed
of 950m/s
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Fig. 20 Antiaircraft missile flight time in different firing angles
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Fig. 17 Hit ability of nine antiaircraft missile configurations in
different target velocities
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Fig. 18 Hit ability of nine antiaircraft missile configurations,
neglecting thrust moment
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Fig. 23 Trajectory and hit probability of nine missile
configurations, fired at an angle of 56°

56 Sukis argly 1o SKigo 3l dusdits 45 555 Jloio] § o8 > e 23 S

56" Sl augly 50 Singo 5l dwais 450,95 p b g (55l 0 Dlasin 3 Jgus

Table 3 Specifications and flight time of nine missile
configurations, fired at an angle of 56°
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Fig. 24 Flight time of nine missile configurations in different
firing angles
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Fig. 22 Firing angle effect on trajectory and hit probability
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Fig. 27 Thrust moment effect on antiaircraft missile
maneuverability enhancement
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Table 5 Effect of nose deflection limit on flight time,
neglecting thrust moment
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