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CLOS GUIDANCE FOR BANK-TO- TURN MISSILL
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ABSTRACT

Hank - to  tum (BTT) control is used 1o mplement a command - to — ling — of — sight (CLOS)
guidance law. Physical description of the principles involved is given and a 10.th order nonlinear
deterministic model proposed. Conventional control is used 1o design a closed loop controller for
the nonlinear system,

{'ontinuous svstem simulation leehniques are employved to explain the effect of bank - 1 — twm on
cross coupling ot yaw. pitch and roll channels. Detailed simulation studies are thon used for a wide
ramge ol engagement sineaneous Tor finjectory of Missile £ larget imlerception, The largel model is
considercd for three cuses: stationary, moving and mancuvering trgets, Satislactory resufts arg
obilained for capturing the 1argels.
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INTRODUCTION ;
Command to line of sight {CLOS) puidance is one approach to missile control in short 1o
medium range engagements (Garmel! 1980Y. The controller is based an the groamed. and its ohjective
15 Lo bey o Koo e nstssihe on the oe of sishi O Ok between bunech poot aned Garget by generatmg
suttubbe pudance connnand, '
In CLOS systems Fig (1) the controller wies to drive (1) to zero and keep i cero while the hine - of
sight {LOS) moves. There are many lypes of LOS system. all of which incorporale a separatc
larget tracker which may be either an indepepdent control loop or a manually - operated
H.I'FL'L'I'IHE]'I'H‘.‘TH... '
A typical system would alse comiain a second tracker, which follows the missile by means of an
altached [lare. The signals available on the ground are then (By) and (usually) the LOS rate and
acceleration, These signals are processed by the guidance controller W produce acceleration
commands, which are sent to the missile via a radio link. In response 1o these, the missile then
atcelerates in such a way as to remain on the 1LOS.
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Fig (1) CLOS Guidance for motion in the vertical plane.

The aceeleration commands sent to the missile may be either cantesian or pelar, for example, if the
position of the missile relative 1o the LOS were as indicated in Fig (2). the cartesian command
would tell it 1 accelerate at say.(4g) upwards and (3g) o the right, while the cormesponding polar
conumand would be to accelerate at (Se) at an angle o (37) w the vertical (Roddy 1984),

&

Cartesian

(PR

.08

Bank — To - Tum

Fig {2} Cartesian und Bank - o — Tumn comtrol.

Twer busic methods of contrplling the attitude of missile 1o achieve the acceleration commandead by
ihe gaidance law are skid — 10 — wrn (STT) and bank - 10 - ten (BTT). In the former. the angle
may be cither beld constant or uncontrolled: in which case, the mapnitude and orentation of the
body accel. ration vector is achicved by permilting the missile 1o develop both-an angle of aitack
and a sideslip angle. The presence ul the :-'.ilit"il:p maparts a “skiddink™ motin (o the missile: hence

their mamae skid - o < olum” LA S hank

amy sideslip. To Achicve the desdved osicunini

||'Ii“~‘ci'C #r the other o, shogld des (1% ol B
the nussiles il is rolled (honked d so dan the plane

ol masimuwmn geradyeansic nonnal lbeee 15 o -w_..l tor the desimed divection and the magnitude of the
force is controlled by adjusting the atiitude (angle of attack ) in that plane {Williams 19875,

A bank — 1o — turn missile mancuvers by means of two scts of control surfaces: clevators and
ailerons, The clevators procuce pitch motion. causing the missile to accelerate perpendicular o the
wing plane under the action of  [ift force of magnitude {F) and orientation () {see Fig(3) Note: the
uxes and sign convention used here are consistent with reference (Garnell 1980)).
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The aileren cause the missile to roll (or bank ) until the wing plane (and hence the lift force) is in the

correct orientation. The guidance commeands consist of the magnitude and oriemation of the
demanded lift force (Rasheed 1996,

L-Ax1s F B
A *seudo-targel
| o
|\ ;'/ it
| Missile ™, g A AT

o Mssile patl: in verticald

Fig (33 Maneuvering ol a BTT Missile.

A BTT missile is controlled to fly in a manner similar o an airerafl.  Upon receiving a guidance
command, the missile first rolls to an attitude in which the required acceleration vector lies in the
pitch plane prior (o generating lift in that direction. Fast response is achieved by a combined rofl —
pieh maneuver, with the roll contrel system rapidly rotating the missile’s maximum lifling
oricntation nto the desired maneuver direction and the piich contrel sysiem simultaneoushy
developing the required magnitude of sccelerntion in the maximum bt arientation ( Hussain 19495).

MATHEMATICAL MODEL

Missile Airtrame

The model used i Lids paper For a BTT missile referred 1w ground axes is temth - order and
nonlinear {Roddy 1984
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Constant asrodynamic derivatives are assumed and numerical values emploved. which comespond
o a synthetic missile see Tabde (1)

Table (1) Svnthetic missile parameters

-2.7085
0623
-1939,24
-9.2308
1234 06

-2, IR S

1939 24

0708

Realistic constraints will be imposed on the magnitude of the control surface angles (& & &), and
the servos driving them will be considered to have infinite bandwidth.

Missile Airframe Transfer Function's
[he missile airframe can be represented by the first six egquations from eqn (1), where:

0.625(s~ 1228:2907) 5 D.Y30R |
mfs) = _l s s ) - —— g egBm) - pls);
55 = 1193935 4 1964 2416 57+ 11939350 1964 .2414 |
. [ 57 Fis
Bls). o +9.2308) peels) | &
57 4+ FTRFES + F96d 24| _ -
126050 .7 |
pls) = = o [
ol s+ 30) <) |

From above it can be seen that the oulput of the girframe is represented by argle of attack (o),
sideslip angle ({3} and roll angle (¢). While the input 1o roll charnel the aileron angle. The cross
coupling ol roll rate (p) and angle of attack fue) is the input to vaw channel and the cross coupling of
(roll rate {p) and sideslip angle (B)) and elevater deflection (63} are input 10 pitch channcl see Fig (4)
{Ching 1984 | Majed 1996).

Fig (4) illustrates the controller system, which is identical in (¥) and () channels, is double lead-
Lagnetwonrk

where: K=0035:T=0.1 : =03

The comroller lor roll joop is

444
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A podar conversion can then be used o produce aceeleration” commands. compatible with a BTT
system:

ANES TRANSFORMATION

i is then necessary 1o transform. the motion with respect w the missile axes down 1o the ground
e, s traostormation can b achieved usise Fuler angles made siraighter forward. by the
assumption that the orissile ol ground x-axis are paallel Assuming thal acceleration due 1o
EEIVIEY 13 {pl then e coresion aceckorbions ol the messnle with respeet 1ot vl axes i
duscribod by Table (2), Fig (5) aod cypn g gJach ducal , ightbody 1993

Table 2: Direction Cozines of Boll

To

! OXm
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445

-5
—




Mo S ALFaiz i )
LS GUIDANCE “TO=TURN M .
l Y. I Al Mushhiding UL GUIDANCE FOR BaMNh-TO0-TURN MISSILE

E.»=E,W5¢5-}’:5tn;ﬁ 1
Vo= 2o oY)

i
“rnl‘. ﬁl
\3'%1
.-.. : " My
P
Zm

Fig(5) Roll Abowt Oxg By ¢ .
{where y=0 and 0=

TARGET MODEL
Ehe general mancuvering target model i shown in Fig (6) . cqn (5), {Tang 1984,

<A Ky
A

> Y-Axis

Fig {6): Maneuvering Targel.

Yoom W * cog gy |

= 3 Vo ®sin b, !-

i "l.-'l : {
RESULTS AND DISCUSSIOIN
The system in Fig (4) meluding the tenth - order nonlinear medel ob egn (1) and Table (1) has heen
simulated on a computer by using Matlab 5.1 1997 package [6] . Three cases of target madel are

considered
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From Fig (7) und Table {3) 1t can be seen that the missile has smooth tragectars and achieved the
target by fast banking to the target plane and oriented 1o it This process is achieved aceording o the
moementary position of missile. therefore the missile kit the target in short fime {326 sec) . The ume
of capturing depends on target and missile velocities and initial range between them.

Case (2). Moving Unmaneuvering Target

Figs. (%) and (9) demonstrate the two cases Tor approaching and departing targets . from which il
can be seen the affect of roll loop on airframe missile by cross coupling between the yaw - roli
channel . vaw - pilch channel and pitch — roll channel. ‘The missile trajectory 15 severe and this
usually Irom the affect of cross coupling which the target and missile in one plane, the trajectory is
smooth but, in cross coupling the oll rate affect on the angle of attack and sideslip angle
(e & wf) which is included in nassile model. The most affect parameter @5 the range ol krgel
where by banking will degrense the allieet of cross coupling wmd the Tast sk s decreasc the miss
distance | depends on ihe ranee and veloeity | therclore the captureime inapproachimg target 15 less
than 4s than of departuring targel o but with more severe liajectony |

Case (3. Mancuvering Tarset

Figs. (10 — 14) and Table (3) illustrute the dillerent maneuverability for approaching and
departuring tarpets with positive or negative g  load (+ve al or —ve at). In this case the importance
of BTT appears where if the missile with using of BT it can’t capature the target where i this case
the target ::hangn:s. the, pu:.'ushir_m at cach moment, therefore the missile must change its position
according to target see Fig (11).

Figs. (15) and (16} it can be seen that as the value of sideslip angle (P) oscillaty, the roll rate (p) has
a value which cancel the ahove aftected (the affect of cross coupling ) ie 1.

Table (3) Tarmpet results

Case Parameters Miss | istance _ Capiure
P M . I'j_|_1.1c~| LU
{1080 =4, AT -200 “F
. 2 TR (3245 ' A
' iy s iy BNE [
YTIO1=800 , YM{D)=0 AM{0)=D '
alin BT0-0 & al'=0 ; , 4.172% ; 11.23
b dn OT(0)en & aT 1 - ' 4607 ' 1048
(3).6(0)= /i _ ZT{07=500 i
YI(O=800 , YMO) 0 ZM(0) 0 '
a)In OT(0=0 & aT-3g 0924 11.17
b dn B E0)=0 & al=3g [.4636 , 1.5
ehln @1 (0-n & a'I'-3z 0.8078 103
d.n OT(0)—m & a1 -3u 0.9956 .89
COMULUSIONS
A BRI miwssde we o CFOS subdlice susoon Bl abality of deereasing e alTect of civs<voupling

Petween mmssile aiirime chuiniels The prosess o Do ler the maseient o nissile Trom e
dimenzion 10 2 nd dimension By banking the messile to targel plme gisves the nussiie abilily w
caplure any largel with any manecuvering, where it deals with target as plune motien ondy |
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The affect of limitation for elevator deflection on the missile trajectory is grealer than the aflect of
limitation of aileron deflection. where the task of roll loop s banking the missile while the elevator
enler on the limiting of missile coordinaie (Ym & £m)

From all considered cases the mes! attractive case is the case for depariure manewvering target

dewnward (-3g) . where the missile capature the target in minimum  time with less severe maneuver
see Fig (11).
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LIST OF SYMBOL IS

i _ =Anghe ol atack

[} = Sideslip angle.

q = Pitch rate,

t = Yaw rate.

[ * Roll rate,

g = Roll orfentation.
XgYele = Ground axes.

Xm.Ym. 7 m = Miissile axes.

X, Y 2m - Missile position.

ARG YC; 26 = Commanded (or pseudo target) position.
i = Elevator control angle.

£ = Alleron control angle.

s Acceleration due 149 gravily.
I Missile muss.
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* Rl Imteria
Acrodynamic derivatives.
= Lift foree magnitude.
= Lill foree orientation.
= Cartesian acceleration commands.
Polar acceleration comumands,
= Mligsile lorward velocios
= Largel Farward velogily
[t velovity weh
- = Mass distance,
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- Target lateral acceleration (normal aceeleration).
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