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Canard-controlled missiles often have adverse rolig moment characteristics that are
difficult to predict. Several parameters that affet these rolling moment properties are
investigated. An effort has been made to use a seempirical aerodynamic prediction code
to determine the effects of varying tail geometry o the rolling moment. A generic canard
controlled missile based on the NASA Blair configuation was examined at subsonic and
supersonic Mach numbers with varying angle of attdc and canard deflection angle. The
span and area of the tail fins were systematicallyaried to determine the effects of each
parameter alone on the rolling moment of the configration.

Nomenclature

Angle of Attack

Deflection Angle

Roll Command Deflection
Yaw Command Deflection
Roll Angle

Ac = Canard Area

AR = Aspect Ratio

At = Tail Area

bc = Canard Semi-span

bt = Tail Semi-span

C. = Rolling Moment Coefficient
CNF = Fin Normal Force Coefficient
Cr = Root Chord

Cr = Tip Chord

M = Mach Number

YCP = Spanwise Center of Pressure

. Introduction

ANARDS are attractive devices for guided missilateol. They allow for a compact size, a high degoé

maneuverability and low hinge moments. Howevee, tise of canards as control devices complicates the
rolling moment characteristics. As canards ardedefd in pitch, roll, and/or yaw, vortices emangtfrom the
canards stream aft and interact with the tail sactvhich typically induces an adverse rolling momerhe adverse
rolling moment can result in a roll reversal if induced roll from the tail fins exceeds the direabard roll control.
Oftentimes, a roll mechanism is used in a canardrobed system to mitigate the adverse roll préipsr This has
been accomplished with free-spinning tail sectiochand in the case of the Sidewinder missile, wittlerohs or
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gyroscopically driven tail fin flapd However, if mechanisms to minimize induced rofeefs are not used, then the
missile roll characteristics must be accurateledatned.

Several parameters affect the induced roll of ramdcontrolled missile. Previous efforts haveu®d on the
effects of varying tail span on the missile rolbpertie$*> However, other studies have shown that tail aisa
has an impact This study examines both of these effects as asethe effect of tail placement. In particuldie
roll control authority and the roll induced by azsyaommand at angle of attack are studied in tHisref This effort
is based on the study presented by Blaiowever, the effects of span and area were Biat the current work by
holding all other variables constant where possifilee previous efforts referenced did not makenagits to isolate
any variables. This paper expands upon previofmtednd provides a more complete evaluation of téie
parameters due to the isolation of specific vagabl

[I. Canard Controlled Vortex Interactions

Much of the complexity surrounding canard contmblhaissiles is attributable to the interaction oé tenard
vortices with the aft tail fins. These interacoran be both beneficial and detrimental to th@robof the missile.
One of the more favorable characteristics of a choantrolled system is the pitch coupfingVhen the canards are
deflected to produce a nose-up pitch command, #mard vortices induce a downwash on the tail fifscty
reduces their typical nose-down pitching momenaraile of attack. This is depicted in Figure 1 dtegstream
angle of attack of zero where the tail fins loadsiaduced only by the canard shed vortices. Ttilsanore control
authority than what the canards alone produce.s Vbitex interaction is not studied in this effag it does not
affect the rolling moment of the airframe.
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Figure 1. Canard Pitch Coupling

For other, non-pitch control deflections, the edneortex interactions create adverse rolling mameffects.
Two different types of roll interactions are possibnd presented in this paper. The first dealb thie roll control
authority, or the ability of the canards to conttw missile in roll. For this type of roll, thartards are deflected to
generate a rolling moment. The canard vorticesastr aft and influence the tail fins. These vodigeduce a
flowfield which generates megativerolling moment on the tail fins, thereby reducihg effectiveness of canards to
provide roll control. If a large enough rolling ment is generated by the tails, it is possible égate or even
reverse the rolling moment generated by the candrdsuch cases, all effective roll control auttyois lost. Figure
2 provides a graphical explanation of this process.

2
American Institute of Aeronautics and Astronautics



V100145_1005 i

CANARD-COMMANDED
ROLLING MOMENT

SECTION A-A SECTION B-B
e

@ CANARD-COMMANDED MOMENT
ROLLING MOMENT

@t @

CANARD VORTEX-INDUCED
ROLLING MOMENT

SECTION C-C

NDUCED gl
INDUCE —
Q@ ROLLING S 0—_\\

ARROWS REPRESENT DIRECTION
OF LEADING-EDGE DEFLECTION

] @@:%t_QQ @%@@

@

CANARD VORTEX EFFECT ON
TAIL FINS GENERATES AN
OPPOSING ROLLING MOMENT

Figure 2. Canard Roll Coupling

The second type of rolling moment studied in tHferé is yaw-control induced rolling moment. Thige of
roll occurs when canards are set in a yaw commaachan-zero angle of attack. Again, the canartices stream

aft interacting with the tail surfaces.

In turnradling moment is generated, as shown in FigureT3e rolling

moment was not commanded by the canards and mag easignificant spin in the airframe. The magisgtof this
induced rolling moment is also dictated by the fif¢he tails fins, and the ability to mitigateist determined by
how well the missile retains direct canard roll tohauthority with the presence of the tails.
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Figure 3. Canard Yaw Induced Roll
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The roll control authority and induced rolling mem are both affected by vortex interactions betwte
canards and tails. However, they do not repretsenonly types of rolling moment or vortex inteians that can
occur for a canard controlled missile. For thigdst only results for a zero degree roll angle presented.
Asymmetric orientations will induce a rolling monteseparate from those induced by canard deflections
Additionally, body shed vortices will impact thedlrproperties of the airframe; particularly at highgles of attack.
Only results for a zero-degree roll angle are eataldi in this effort.

It should be stressed that the vorticity and ifecf are complex; especially, as related to affgcoverall
rolling moment. The overall rolling moment is th@mmation of the rolling moments produced by eigtividual
fins for a canard-body-tail configuration. Theseividual fin rolling moments depend on the finderproduced
and its spanwise center of pressure. At zero avfghdtack the induced flow field is from the cashaorticity only
and all four tail fins experience an induced rolthe same direction, opposite to the commandedrdawoll. With
increasing angle of attack the flowfield becomesancomplex. The horizontal canards experience aheaof
attack effect, including body upwash effects, cambi with their command deflection settings. Theiwal canard
fins have their direct control effect as well aading due to fin-on-fin interference, etc. At angif attack, the
resulting induced flow field at the tails is strenghan the = 0° case because the canard vortices are stroiger
horizontal tail fins are at angle of attack and exignce body upwash effects, and all four tail fxperience the
canard induced flow and fin-on-fin interferencedmays. The tail rolling moment is then the sum teé toadings
from the four fins which can involve large termsigéhoften nearly cancel one another. As a redulh@se many
complex factors, rolling moments can be difficatgredict. Figure 4 depicts tail section indivitlfia forces as a
function of AOA for Mach 0.8, bt/bc = 1.0, and ae&d roll command. This graph illustrates the claxipy of the
rolling moment computation. Fin 21 and Fin 23 #re upper and lower vertical tail fins, respectvellhe large
variations in the spanwise centers of pressuresasseciated with the vortex from the lower verticahard fin
passing along the edge of the vertical tail fins.
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Figure 4. Tail Fin Normal Force and Spanwise Centeof Pressure

lll.  Analysis Procedure
A. Geometric Definition

All of the configurations considered in this studgre based on the Blair sidewinder configuratitssed in
Reference 4. That study varied the tail span ankldd at the effects the tail to canard span rdefined as bt/bc,
had on the induced rolling moment. Variations linaa aspect ratio, and/or taper ratio were notidensd in the
Blair study. The canards and body were identioakfery configuration and the tails were alterartifie geometric
variations.

The referenced body is 24 calibers (42.28 incliredgngth and has a 2.25 caliber tangent ogive .noBee
canard leading edges are located 6.22 inches #feafose tip. They have a 4.379 inch root charti314 inch tip
chord, and a 2.847 inch exposed semi-span. Algemmetries have an unswept trailing edge whictocated at
the base of the body. Detailed tail geometries diseussed in subsequent sections as they arefispecihe
parameter that is being varied. Unless otherwgseified, all analyses are for fins in the “plugihfiguration. Sign
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conventions for forces and moments are shown iarei§. The configuration shown in this figure esgents one of
the Blair configurations.
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Figure 5. Sign Convention

B. Prediction Code

Due to time and cost constraints, experimental fatccomputational testing were not an option flois study.
Instead, an acceptable engineering level code wadau. It was desired that the chosen code pregigbroper
trends with respect to varying tail span, area,, étowever, it was not required that the code dxagmtedict the
magnitude of the induced rolling moment. The olfdrands were what were considered significantatedDfrom
Blair, et af was used as the baseline for determining a piedicbde as it represented the most comprehenaiee d
available. These data points were manually digitifrom plotted data and thus have a rather largertainty.
However, the trends were considered more impottert the exact values.

The MISL? semi-empirical aerodynamic prediction code progittee most consistent results compared to test
data, and was thus used to determine the rollingi@embs for this study. This code is an engineelengl prediction
tool for the design of conventional missiles with@form fins and was chosen due to its extensimgex modeling
capabilities. Data acquired by Bfaivas used to verify that the code could accuratedglict the trends shown in
that report. Figure 6 illustrates that MISL3 isléed able to determine the appropriate trendsdditian, Lesieutre,
et. af’ presents additional verification of MISL3's ahjlito predict canard vortex-induced tail fin forcasd
moments. These references include cases for monr@éangles and several additional missile opuiation§”.

5
American Institute of Aeronautics and Astronautics



—Experimental Data, bt/bc=0.47 m MISL3, bt/bc=0.47 —Experimental, bt/bc=0.47 ®m MISL3 bt/bc=0.47
—Experimental Data, bt/bc=0.75 & MISL3, bt/bc=0.75 —Experimental, bt/bc=0.75 a4 MISL3, bt/bc=0.75
Experimental Data, bt/bc=1.07 ® MISL3, bt/bc=1.07 —Experimental, bt/bc=1.07 ® MISL3, bt/bc=1.07
Experimental Data, bt/bc=1.25 # MISL3, bt/bc=1.25 —Experimental, bt/be=1.25 # MISL3, bt/bc=1.25
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Figure 6. MISL3 comparison with Blair data

C. Rolling Moment Analysis
To evaluate the effect of tail fin geometry onaahroll control authority, a normalized rolling ment, G norm,

is defined as follows.

Where Guing is the rolling moment of the complete body+cang&ad+configuration with the same canard
deflections, @ canargiS the direct roll control authority of the cansrdThe ¢ .om parameter directly indicates the
percentage change in roll control authority dughtopresence of the tails. If Gorm = 1.0, the presence of the tail
has not affected the canard roll control authoritf.C .om falls in the range from 0.0 to 1.0, the tail finave
reduced the canard roll control. For examplg,dm = 0.5 indicates that the roll control authorityshzeen reduced
by 50%. Negative values of Gom indicate a roll reversal, and values greater thah indicate “increased”
effectiveness. Values greater than 1.0 can be aeéigher angles of attack and often involve bgédyerated
vorticity. For the controls engineer, these indlicalling moments present a challenge.

For the roll control effectiveness analysis in tbiigdy, all four canards are deflected five degtegsroduce a
positive (i.e. clockwise when viewed from rear)irm moment. For the yaw induced roll analysighis study, the
actual rolling moments produced by the airframe e@wmpared rather than a normalized value. No Isigita
normalizing term can be defined because the carsdod® do not produce a rolling moment. For the gontrol
induced rolling moments analyzed in this efforg tkertical canard fins are each deflected 10 degree
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IV. Effect of Varying Tail Span

In order to isolate the effects of varying tail spthe area of the tail fins was held constantafbconfigurations
under evaluation. A single tail fin area of 15dare inches was used, corresponding to the bt/B&=@il of the
Blair study. For this study, the leading edge sweep angle veds constant and the root and tip chords were
adjusted to maintain the appropriate area. A summfthe tail geometries evaluated is presente@iable 1 and
Figure 7.

Table 1. Tail Geometry for Varying Tail Spans, Costant Area

Configuration bt/bc Tail Exposed Leading Edge Root Chord Tip Chord
Semi -Span Sweep (degrees) (inches) (inches)
(inches)
T1 0.75 2.135 45.000 8.500 6.365
T2 0.90 2.565 45.000 7.470 4.905
T3 1.00 2.850 45.000 7.000 4.150
T4 1.10 3.135 45.000 6.630 3.495
T5 1.20 3.420 45.000 6.350 2.930
T6 1.30 3.705 45.000 6.140 2.435

9.00 ]
—— Raot Chord Length : B.5-inches, Leading Edge Sweep Angle : 45-degrees

6t -Root Chord Length : 7.47-inches, Leading Edge Sweep Angle  45-degrees

—— Root Chord Length : T-inches, Leading Edge Sweep Angle : 45-degrees
——Root Chord Length : 6.63-inches, Leading Edge Sweep Angle : 45-degrees
7.00 —— Root Chord Length : B.35-inches, Leading Edge Sweep Angle : 45-degrees
—— Root Chord Length : B.14-inches, Leading Edge Sweep Angle : 45-degrees

6.00

5.00

4.00
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Figure 7. Tail Configurations for a Constant Area

A. Impact on Roll Control Authority

Figures 8 and 9 present the roll control authaisults with varying tail span. Data are preseiiga@ function
of tail to canard span ratio, bt/bc, at varying Mawmbers and angles of attack. It is clear froesé plots that
adding the tail surfaces reduces the roll effectdgs of the canards since the normalized rollingherd is less than
1.0. The largest impact is seen at zero degregie arf attack, as would be expected since the castidirectly
impact the tail fins. At subsonic Mach numberspiaimum of 30 percent of the roll authority thaetbanards are
capable of generating is lost, while at higher Magmbers, up to 75 percent is lost.

As angle of attack increases to six degrees, thpadmof the tails is lessened with 20-40 percenthef roll
authority lost at all Mach numbers. There alsoeapp to be less variation with increasing tail sp@ihese trends
are expected, as angle of attack increases thecesrinfluence on the tail fins is less and adeeeffects are
smaller. One notable feature that is evident ing9 is that at high angles of attack, normali@@lihg moment is
larger than 1.0. As illustrated in Figure 10, agla of attack increases, the canard generateidigathoment is
decreasing while the tail generated moment inceea3dis combination results in normalized rollimgpment that
is greater than 1.0.
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Figure 10. Component Rolling Moment Variation withAngle of Attack

Another method for illustrating why larger tailass have a greater impact on the roll control aitthis to
examine the path of the vortices generated by #mards. Figure 11 shows the vortex paths and ribesftow
velocity vectors in the vicinity of the tails. Radre shown for varying tail spans. These pldissirate the
complexity involved in calculating the rolling monteon the tails due to the complex flowfield. Asagpncreases,
there is a larger tail region that is affected bg tanard vortices. The resulting spanwise cesftgressure is
further outboard, creating a larger rolling moment.

Figure 11. Roll Control Velocity Maps
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B. Impact on Yaw Control Induced Roll

In general, the flowfield mechanisms discussechi frevious section are similar for the yaw-coninduced
rolling moment. The vertical canards are defled@diegrees and produce stronger vortices. Thedmal canard
vortex strengths are reduced due to the lack déckadn, though they still generate vortices thatréase strength
with angle of attack due to both angle of attacll andy upwash effects. These vortex effects prodoceased
rolling moments with increasing angles of attaékgure 12 shows a velocity map of the yaw contmifiguration
that illustrates the stronger vortices on the eaftfins when compared with the roll control configtion of Figure
11.

Figure 12. Yaw Control Velocity Maps

Figures 13 and 14 present the yaw command induwidkecesults with varying tail span. There is egtncrease
in the induced rolling moment as the tail spam@éased. The largest induced rolling momentsroatiach 1.25
and the smallest at Mach 2 and 2.5. At the higheath numbers, the increase in yaw control induodds less
with increasing span ratio. At low angles of dttathere is very little rolling moment generated thye yaw
command because the vortices impact the tailssynametric fashion and body-shed vortices are rgigaificant
factor. As angle of attack increases, there igaificant increase in rolling moment as the floecbmes more
asymmetric. Generally, the largest rolling momeypear around 10 degrees angle of attack. Aethegles, the
flowfield is asymmetric and complicated by the mrese of the body-shed vortices.

Alpha=6 Alpha=12
Figure 13. Induced Rolling Moment for ,=10°(constant area)
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ratio were used for each span.

Figure 14. Induced Rolling Moment for ,=10° (constant tail area)

V.

Effect of Varying Tail Area

The previous section isolated the effect of tadrspn the roll characteristics by holding the &méa constant.
To analyze the effect of tail area on roll chargsties, three tail spans were chosen, as showralite 2. For each
tail span, the aspect ratio and taper ratio wergedao change the area. The same values of asgtéxiand taper
This provides comparameters between the three tail spans for aosgms. A
complete listing of the tail geometries used fas #wvaluation is shown in Table 2, and sketchetheftail fins are
shown in Figure 15.

Table 2. Tail Geometry for Varying Tail Areas

Configuration | bt/bc b/2 (in) (deg) G (in) Cr (in) C+/Cr A (in? AR At/Ac
T1_Al 0.75 2.1375 0.000 4.9038 4.9038 1.000 1048 .87D 1.293
T1_A2 0.75 2.1375 24.648 4.9038 3.9231 0.80 943 0.969 .1631
T1_A3 0.75 2.1375 45.000 4.9038 2.7663 0.564 8.20 1.115 .0111
T1_A4 0.75 2.1375 45.542 4.9038 2.9423 0.600 8.39 1.090 .0341
T1_A5 0.75 2.1375 54.003 4.9038 1.9615 0.40 7.34 1.245 .9050
T1_A6 0.75 2.1375 61.416 4.9038 0.9808 0.20 6.29 1.453 7760
T2_Al 1.10 3.1350 0.000 7.1923 7.1923 1.000 22p5 87D 2.781
T2_A2 1.10 3.1350 24.648 7.1923 5.7538 0.80 20.29 0.969 2.503
T2_A3 1.10 3.1350 45.000 7.1923 4.0573 0.564 17.63 1.115 2.175
T2_A4 1.10 3.1350 45.542 7.1923 4.3154 0.600 18.p4 1.090 2.225
T2_A5 1.10 3.1350 54.003 7.1923 2.8769 0.40 15.78 1.245 1.947
T2_A6 1.10 3.1350 61.416 7.1923 1.4385 0.20 13.63 1.453 1.669
T3_Al 1.30 3.7050 0.000 8.5000 8.5000 1.000 3149 .87D 3.884
T3_A2 1.30 3.7050 24.648 8.5000 6.8000 0.800 28.34 0.969 3.496
T3_A3 1.30 3.7050 45.000 8.5000 4.7950 0.564 24.63 1.115 3.038
T3_A4 1.30 3.7050 45.542 8.5000 5.1000 0.600 25.19 1.090 3.107
T3_A5 1.30 3.7050 54.003 8.5000 3.4000 0.400 22.04 1.245 2.719
T3_A6 1.30 3.7050 61.416 8.5000 1.7000 0.200 18.90 1.453 2.330
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Figure 15. Tail Geometries for Varying Area

A. Impact on Roll Authority

Figures 16 and 17 present the roll authority resulith varying tail aspect ratio or tail to canangka ratio.
Figure 16 shows the results as a function of aspdict as these are the same for all tail spanigur& 17 presents
the results as functions of tail to canard areia matd angle of attack in order to present a moraptete overview
of the results. The flowfield characteristics diseed with the varying tail spans are the samesdine canard
geometry has not changed. However, there areiadditinfluences to the roll control authority dteethe varied
tail area. As previously noted, the largest reidmst in roll control authority occur at low anglet attack. The
contour plots presented in figure 16 confirm tiegré are significant similarities in trends at siedected tail spans.
In particular, the areas chosen for the span raifod.1 and 1.3 overlap and the normalized rolimgment
presented is very similar in the region of overlap

Figure 16 indicates that at subsonic Mach numhtbese is reduction in roll control authority of 25- percent
with increased area (or decreased aspect ratiooagnsin figure 14). This trend implies that thespatio has more
of an impact than the area at these Mach numbeesenthere was a reduced control authority of 3@éftent.
However, at supersonic Mach numbers, there is @03fercent reduction with increased area at a gigam ratio.
Keeping in mind that the variation in aspect rasidhe same for all three spans presented, evamgththe area
ratios vary, this indicates that aspect ratio mayhe dominant factor at these Mach numbers.
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Figure 16. Normalized Roll for ,=5°, =0°(Varying Tail Area)

Figure 17. Normalized Roll for ,=5°(Varying Tail Area)

B. Impact on Yaw Induced Roll

Figures 18 and 19 present the effects of yaw cbirtduced rolling moments as a function of varied &rea.
Again, the flowfield characteristics are the sarmdaa the varied tail span analysis. As expedbggher span ratios
produce higher induced rolling moments. At subsdviach numbers, there is little increase in inducating
moment with increased area (decreased aspect.réftuy again indicates that span ratio is the damii factor at
subsonic speeds. However, there is slightly greatgation for supersonic Mach numbers. Acrogsdbpect ratio
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range presented here, there is an approximate d@rierise in induced rolling moment at Mach 1.2l &a 70
percent increase at Mach 2.5. This is true regasdbf the span ratio. Although significant, timisch smaller than
the doubling or tripling of the induced rolling ment that was seen with increasing tail span. Hewehe results
do indicate that tail area must be considered vawatuating the roll characteristics.

Again examining the region of overlap between thansratios of 1.1 and 1.3 in Figure 18, there tideli
difference in the results. For all three of tharspatios shown here, the peak rolling moment aspeaoccur near
10 degrees angle of attack regardless of the Mantbar. At 10 degrees, the vortex from the lowetizal canard
directly impacts the right horizontal tail fin; 8tdegrees the vortex passes below the fin while2atlegrees the
vortex passes above. Although the peak occursthiaangle, the value of the rolling moment isagest at larger
tail spans. Increased area does not appear to asvsignificant an effect as the span. For allthase
configurations, the distance between the canardstlam tails has been kept constant. Due to theitapce of
canard fin vortex locations on the induced rollmgment, the distance between canard trailing edgetlze tail
leading edge is expected to have a significantefféhis effect is evaluated in the following sent

Figure 18. Rolling Moment ,=1C°, =6°(Varying Tail Area)
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Figure 19. Rolling Moment for ,=10°(Varying Tail Area)

VI. Effect of Tail Leading Edge Location

A third factor that influences the roll propertiesa canard controlled missile is the proximitytbé tail to the
canard. To evaluate this effect, the Blair configion with bt/bc=1.07 was chosen as a baselinehis T
configuration was chosen because it places thevidilwithin the canard vortex wake without prochgiexcessive
adverse roll properties. The baseline configuratias the tail leading edge approximately 12.6ead aft of the
canard trailing edge. Two other configurations aveonsidered with the identical tail. The firsdhtae leading
edge of the tail 7.68 calibers behind the canadithe second was 4.48 calibers behind the canard.

A. Impact on Roll Authority

Figure 20 illustrates the impact the tail locatlwas on the direct roll control authority at MacB @nd 2.0. At
low angles of attack there is little differenceveeeén the three configurations presented. Previesslts have
shown that increasing angle of attack will imprakie roll control authority. Figure 19 indicatestliplacing the
tails at larger distances from the canards willseathis improvement to happen at a lower angldtatlathan when
the tails are located in close proximity to thearas. An explanation for this can be seen bynéiag the vortex
paths in figure 21. At larger angles of attack,ving the tail fin aft moves the fin out of the vextwake at large

angles of attack, thereby restoring roll authoriBor fins close to the canards, a higher anglattaick is necessary
before the tails move under the vortex wake.

Mach 0.8 Mach 2.0

Figure 20. Impact of fin placement on roll authority, ,=5°
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Alpha=0 Alpha=10

Figure 21. Vortex Tracks for Roll Authority

B. Impact on Yaw Induced Roll

The impact of tail placement on the yaw contrafluced rolling moment is shown in Figure 22. An
improvement in yaw control induced roll would metlrat the rolling moment decreases. These changgs a
however, much smaller than the effects due to nargipan or area. As with the roll authority, talaced farther
from the canards show a drop off in induced rollingment at lower angles of attack than those cltsehe
canard. The reasons for this behavior are the sener the roll authority improvements. It isalsoted that the
closer tail fins experience lower induced rollingmment than those that are farther from the canakttsvever, the
induced rolling moment becomes larger with incnegsingle of attack rather than decreasing. Whike unlikely
that some of these configurations are feasible feorstability point of view, the tail placement mustll be
considered when evaluating the potential impacthecirframe roll characteristics.

Mach 0.8 Mach 2.0

Figure 22. Impact of Fin Placement on Yaw Induced Bll, ,=10°

VII.  Conclusions

Canards offer attractive control advantages forsit@s; however, the adverse roll properties canveguifficult
for the aerodynamicist and the controls enginéldre calculation of these roll properties is, howewemplicated
due to both the canard induced vortex influencestha body shed vortices. Two types of roll mustcbnsidered
for a canard controlled missile — the roll indudsda yaw command and the roll control authorityor this effort,
the effect of tail span, tail area, and tail plaesaimon these commands has been investigated. nerajderms, any
increase in tail geometry (span or area) resultadwverse roll properties. Direct canard roll cohtauthority is
typically reduced by the presence of tail surfac&ne could propose to correct this by a largelr golmmand,;
however, this would induce stronger vortices whiodleience could be more detrimental, netting lithlenefit. In
addition, a directed yaw command induces flowfieldat produce undesirable rolling moments. Typycan
induced rolling moment would be countered through tise of a roll command to mitigate the induceldl ro
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however, the canard-tail interactions complicateubke of such a command. This creates a desigrthad must be
considered by the engineer. This study indicates tarying tail span has a larger effect on thénglmoment
generated than changing the tail area. Howeveretfects of varying tail area cannot be neglegpedticularly at
supersonic Mach numbers.

The work presented in this paper is meant as amsixin to the work performed by Blair. An effortsvaade to
hold all tail parameters constant except those wetedtect was being studied. For both the canalldara yaw
commands, any increase in tail span or area pradaceadverse effect on the rolling moment. Althoug
experimental data were not available, the trendsvarfing span, area, and aspect ratio were analyatu
aerodynamic prediction codes that accurately ptatie trends shown in prior studies to provideghsiinto the
expected characteristics of canard-controlled heissi This work did not fully investigate all &mps associated
with canard induced rolling moments. Additionalpiontant parameters include: nonzero missile rofjles and
combined pitch, yaw and roll commands.
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