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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
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main body with stabilizers. The effects of fixed length and flexible length parameters on the flight

K ds: . L. LT .. .

Deemﬁ{atf,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.

O i ool bewiy colae o J a8 Il Glae 4 S oe adles oo -1
208 0kl lace w0 Colaa (Jg el osgr il sl SO e 9 dwd azlge (SIie b ol slae w0 Colaa gla g, 5l (6 ks

eiizo L)l o fabge (pl Coolis 4 cnl A e (639 0) B Sige Ll piilasl aclos SaS 4 Sgo slygle 5 358l Siige Cola
aclos PRV ER J.a‘d.a}‘é).’ LSLM ).’JJJLE.&" aclod wyr & s )] oalau! L ,e 09 C"‘) LSLQLJ"’j) U")'i’b “b‘yLSA as o)b R

Please cite this article using: tamlod o5l J3d iyl 5 Wlie ol 4 gyl gl
A. Khalghani, M. H. Djavareshkian, M. Pasandideh-Fard, Nose shape effect on flight dynamics of supersonic guided missile with continuous deflectable nose, Modares Mechanical
Engineering, Vol. 16, No. 1, pp. 151-162, 2016 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.1.40.3
https://mme.modares.ac.ir/article-15-11662-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 ]

[ DOR: 20.1001.1.10275940.1395.16.1.40.3 ]

Obled 9 SHlaA ule

390 Bgdlo 0339k sl dD Suisgo Sl py Saolind S Aluwgay padsdlasil Atlod duw iy Hil (S

S o el atlos Sowes a5 &b oo [18] s ¢ S5
g b walys diny Jlabl (o5 4 e anTd l 0sd e diny wsSias
P 5o 9 358 (b S adles Sl Gl el Cgz aiS e aroy
o9 95 (nl atdl g 0gd ad) S i o atles Jake Joe 3 Sige
i Lol B e jen

S 5 gl somSeulon sl awais [19] il Ken 3 KL
A W0,S Ay $979 4 1) edigdolie Slge G e 0uiiS L
Seolizdgnl calpd ez b ol ol ails 1) 0y op iy Sioge
e S wisls (Lad Sl Sl Judo 5 o0 pl J8le s Jawgs
5.8 colua pAs O ygo ;0 5 Juo,yd 21.4 colon &g 40 05,06 e
s il lae Siige o oo

o dagl ojgele eluly edisiiole gl (gileas
e Lol glad Sl yo ggame (270 3580 plwl (ogite slooged
Colaw o555 [20] conl colon piacw M JBlos oasas Llis oS
Col ypile il oaisles a5 o 4 lgp Sige K o Syces B
Ol eanyles a5 555 Slge S 50 lyn gli)) ggezme (%S [21]
Cgums (Silwaing Blaal alex 5l [22] cul Slea asdlay 18
D905

sdySllasil atles b Sgo jlgpy Sl die o o Jl> 4y b
S50 3 Slon Seelus o acles avaia S w5 oats plosl wige
g Colol o e Suar wilg l colaiwl . cnl 48,55 )13 ddne ax gl
@ Shge awain Jl by o Culae g lsn Seelus plojes 55
Loghegin nl )9 05 el S Sage (2l b A0S
OPoy & el 6 A g sl Seelus olil Az e 4w il oe
S Job 5 ol it b e e g3 1 Galls o
Son Olej edam 4 3 9% 5 Cadgazme (Bae 4 555 L85 pdySllasl
Celodd (g 500 (2l peite g

ol SBlaal ade fre) 4 ey Shge (G905l A )0 gy
ade p lse aidly Sige 5 prles Glonlse e » 2lse aidly Sige
el 485 5 j90 w2loe Sige

23 tulyh g dwia -2
gl acles (gl)lo a5 ! piySlasil aclos b Siige o)y 390 dwdin
S9S S glas cnl po oSl ¢ slailginl Ay 9 (59,5 Sei b swlon
odl a8 )5 Ll o Sl 15 S Jsbo g bl 2 asles Jsb 5 0.1
slalyil wa (1 JS2) o)ls 513 aay slesl o slwl SIL ks el
oedu ddlos Gygle (o (FiX) coll jisw el ool LSS s 4w |
e n oyl 18 Lol day glail o g Jawg o (Flex) ,dy8las!
Jsb Sl swypm w9 Fix=0, 1.5, 3Cal jlade aw <ol ise Job il
g Cewl ool 485 lai o Flex=1, 2.5, 5Cal ,lade aw pdyilas] iy

el )5 15 gy 9)50 Sige S awain 9 ol b

Siige 951 S o (Sealndgnl culpd lyy Sealins (o) sl
5=-4,-2,0,2,4 ailes slo Soas = -6,0,6° alo> bl ,5 ;55
38 ol Glase (B @ az g bl ool acwle O 4 3 clo slacl 4
wlye sl e el ot bl esSee Ae sbls;
Nigdise hosn 2 5 hokes Seelusg

1- Pure Pursuit

1 o)losis 16 0951395 ORIV ()30 Slo (Swiise

] A3 108 Az gl 050 diwguy i Sllas]

Slp celio (B 1) (hate plodlas! 4o [1] Gileg 5 0S¥
2905 (o5 S oS il Bgo slpgle 9 Gdle slaSige JyuS
o oss o 6 5 e il ke

|, ate plscilasl oo clivn Sllas o [2] oS g ag KU
W3S (Byre Dy slyle 5 398l SloSige S5 Sln (hs) Olsre
el 5 6550 50 WM (et Jeade )0 5ltS 35 S5 oS

60 Jsb 59 ,had L ST, 5l Seeloo [3] Ohles 5 4> L
ly atlos (Sares il j0 oy 3550 almlr (BT80S (1) yo Sl
3 il 0.8 Flo sae 5l 1, STy Soluogpl colps g ad 3 )l o o5
253,53 551 cbsld (gl l3Ble 5 b

sl il glapilSe ol o)y @ [4] Sen 5 Siguin
Foo by Slye 4 ohg (ol (Brra b g aiFloy ailes o (Sones
JRleys SaS 1) p3le pl Swline g ails,y cdes atles olx! o
0555 oy 318 g

Ol bl Slon Saalos gy @ [O] ollSen 5 S
aly g Flo vae Jl(giluans SaS 4 ol oS, adles S
W) gy 2 Mg s 9 Seoliadgnl calyo p 1y (Soees

Sed Sl bl 5l Saalnd () 4 [6] 5o 5 5
o |y aio 10 la e (gam 50 (ilwans b lalansls, acles
ALY

s Sz oy [8] e 5 Sy 7] olSes 5 SIS
Slon s gl slp Sy olsie @ ) aéles (Saees [9] S
ol S8 w0550 ST

b siedgn Slage J5S pias oz 4 [10] oliSen 5 6
S o S |y Gas bl ozl pdilasl acles b g (6,50 Culon
Seeligs 5 JyuS ails iz 45 eans Sl luly 5 and)S
505 2Ll 65 Colas lage

b Sy slpgle (Sdige JyuS plus gy 4 [11] ol 5 S5
Colaa yigy ool ol las U1 pwypaniSley aily 5 pdylasil asles
el o323 5 )k g o fge po SILL S 4 Ced

alos b jlgs (Siage sl 5 ,5le (yn 4 [12] (o 5 SIS
A iy cillas

los b SBgo Gile (Siige Salips [13] olSen 5 ST05
5 b pitege S¥oleo > b Loy T aisls 15 aalllas 5,00 1 piycillass
olep Jlosl J1 o Sdge S5 slasly 5 (s &S (o) 4 sl
Aoy adles 4y Saes

L (Siige J5uS 5 ol coloaily o)y 4 [14] o) Sen 5 1Sl
0l A Cond Sigo Joddl wuSe as oyl oSl o dyBlasil acles
Siiga o, 55y 0disS ool oo,8 laie 4 o] oisls y acles o
20,5 5,8 adled fate e yo

&sldse 4 [17.16] ol)5en 5 ol (izen [15] S35 5 o>
ole ol atles oz ld Jlesl sllin ;o Sige Soluo
93 e JUB (Jg & 500y ) S fom 5 (2552 JUS &5 8o
o5us b sl ol oe @l 4 obl .aiS o e 1, 55 JUIS
2,5 S Maiwe 1) JUI as ylgis oS acSls 5095 o)Ll

152


https://dorl.net/dor/20.1001.1.10275940.1395.16.1.40.3
https://mme.modares.ac.ir/article-15-11662-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 ]

[ DOR: 20.1001.1.10275940.1395.16.1.40.3 ]

Obhled 9 LA Hule

390 Bgdlo 0339k sl dD Suibgo Sl py Saolind S Aiuwgay padsdlasil Atlod duw iy Hil (S

—Fix=0, Flex=1Cal,6=2° M=3 11
- - Fix=0, Flex=1Cal,6=2° M=5
----- Fix=0, Flex=1Cal,5=4° M=3
—Fix=0, Flex=5Cal,6=4% M=3
---Fix=3Cal, Flex=1Cal,6=4° M=3 . w23 05
------- Fix=3Cal, Flex=5Cal,6=4°,M=3 e
- -Fix=3Cal, Flex=5Cal, 5=4°, M=5 _ pwz2Zi"" [
.»_'..!"' ........... o
=1 o
1.5
4 -0.5

Fig. 3 Variation of the pitch moment coefficient versus attack
angle
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Fig. 4 Trim curves at Mach number 3
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Fig. 1 Missile configuration with deflectable nose
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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
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Fig. 7 Target location effect on missile trajectory
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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. 10 Impact error of nine missiles, fired at angle of 10°
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Fig. 16 Angle of attack fluctuations and command power in
nine antiaircraft missile configurations
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Table 2 Flight time duration and angle of attack variation 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°
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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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