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InaMarch 2004 article titled Low-Speed Sability , | discussed the three mgor moment forces affecting the
longitudind baance of an arcraft. The primary motivation for the previous article wasto look a the
longitudinal forces based on the Cny, of the airfoil instead of the center of pressure. It also showed how
arsgpeed becomes increasingly more sendtive to elevator trim setting as the CG is moved rearward.

Unfortunately, | incorrectly stated that "An aircraft can be stable at higher speeds but unstable at low
speeds.” While this atement may not be absolutely fase, it certainly isn't true Smply because thetall is
producing alifting force, as suggested in the article, nor wasiit the motivation for the article. | misinterpreted
gatements made by Smong[1] about lifting tail desgns. What has become clearer after reading Etkin [2], is
that like an airfail, the entire aircraft has a moment coefficient, and how it changes with changesin pitch
determines longitudina stability.

Cm = CerW + CLW (h - hnw) - VH Cl_t

where Cnyp,, IS the moment coefficient of the wing, CL,,, isthe lift coefficient of thewing, h and hn,, are
locations, as a percentage of the mean wing chord, respectively of the CG and the aerodynamic center
(neutrdl point) of the wing, VH isthetail volume coefficient, and Cy, isthe lift coefficient of the tail.

Since this equation isin terms of aerodynamic coefficients, it is independent of airgpeed. However, it does
depend on the angle of attack, a, which affects both the wing and tall lift coefficients, and it is the angle of
attack, or pitch, that we wish to be stable. The following equation expresses the total arcraft moment in terms
of a

Cm= Crmo,, + @law(h-hn,)-aVH(1-(TeMa)] + VHat (e + it)

where ay isthelift dope of the wing, a: isthelift dope of thetall, it isthetall incidence angle, ey isthe
downwash angle a the zero lift a, and ] e /1 arepresents the the change in downwash angle as a changed 3].
In this equation, the tail angles, it and e, are poditive when the leading edge is lower than the trailing edge.

This equation shows that the tail moment has two components one that varieswith a and one that depends on
the evator trim. The value of a affects the lift coefficients of both the wing and tail. The sum of the lift terms
must equa the sum of the airfoil moment, Cpy,,, and devator trim.

For a specific devator trim setting, there is one a where Cry, is zero, where the aircraft is balanced. Changing
the devator trim changes the a that zeroes the aircraft moment. This a also determines the airspeed where the
lift terms equa the weight of the aircraft. The following equation determines how much a change in a changes
Cm above

Cra=TCm/Ma=aw([(h-hn,)-VH(a/aw) (1-(TeMa)]

For a specific arcraft design, dl the variables in this equation are constant. However, the CG location, h, can
more easily be changed. If Crg isaposgtive vaue, an increase in a makes the moment more pogitive, pushing
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the nose upward. If Cpg iSnegative, anincrease in a decreases the moment force, pushing the nose
downward. Cyg may aso be zero, meaning a changein a has no affect on the moment force. A sable
arcraft has a negative Crma, When tubulence causes a to increase, Cm becomes more negative to force the
nose down.

Thevaueof h can make Crg positive, negative or zero. Increasing h, moving the CG rearward, increases
the vaue of Ca. At Some point the vaue of h makes Cg zero. Thisisthe neutral point of the aircraft, hp,
the CG location where achangein a has no affect on Cry,. Locating h behind hn will make Cryg positive, and
locating h infront of hn will make Crhg Negative. The above equation can be rewritten to determine that value.

hn = hn, + VH (&t /aw) (1- TelTa)

Static stability requiresthat Crg
be negative, that the CG bein front Adrcraft Stability/Balance
of the neutrd point, h< hp. For an
aircraft to be balanced, the vaue
of Cm must be zero at some
reasonable value of a. However,
while an aircraft must be baanced,
pilot preference determines the
dedred levd of gability.

stable ) not balanced
urstable / balancad

Ascraft Momeol {Cm)

Thefigureilludrates various

possihilities of balance and stability. ! it e
Changing the eevetor trim shiftsthe stable  balanced
curve up or down. Both the stable
and neutra but not-balanced cases
amply require devator trim o
adjustment to make them balanced. Angle of Attack (ADA}

At thispoint it should be clear that
there isno one term in the equations above, such as alifting tail, that cause ingability. It is the aerodynamic
design, the combination of eements, that determine stability, and stability is only one aspect of adesign.

On atailless arcraft, the equation for Cryy contains no eevator terms.

Cm= Cmo,, + CL (- hn,)

The arcraft neutra point isthe same thewing's, hn = hn,,. Again, h, determines the CG location where a
changein a has no affect on Cy, and this determine stability. In this case, if turbulence pushes the nose up, a
increases, increasing C|, and since the aerodynamic center of the wing is behind the CG, the increased lift
pushes the nose back down. Stability requires that the CG be in front of the neutrd point, and balance
requires that Cm be zero.

To replace the devator function, some mechanism is needed that affects Cnp and/or Ci. On tallless arcraft,
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rather than use the tail to counter baance the airfoil and lift moments, part or dl of thewing'stralling edgeis
used to change the airfoil shape, affecting Crp and Cy_ directly. The following equation describes the change
of Cm interms of the trailing edge deflection, d,

Crd= T1Cmo /1d+ Crg (h- hn)

where § Crp /] disthe change in the arfoil moment coefficient, and Cy q is the change in the lift coefficient,
asthetralling edge is deflected.

If adownward adjustment of d is consdered positive, § Crp /1 distypicaly negaive and C\ g is positive.
Adjugting d downward makes the airfoil moment more negative, and shifts the lift curve upward, more
positive. Inversdly, adjusting d upwards and makes the airfoil moment more positive, and lift coefficient more
negative [4]. While thetotd affect changesin d hason Cryisrdatively amdl, the longitudind moment of inertia
of atallessarcraft is amdler than aconventiond aircraft, and less moment forceis required to affect pitch
control.

While these changes affect Crp and Cy in opposite directions, apostive change in Cp. causes a negdtive
changein Cny, because the CG isin front of the neutrd point and h - hn isnegative. The negative of this
difference, hn - h, isthe static margin. It is aso the moment arm that determines how much the lift affects
Cm

Since CL istypicdly dways postive, it will dways contribute to a negative Cm depending on the amount of
datic margin. Thisincreases the need for Cnyp be positive. While increasing the static margin increases
dability, it dso negatively affects the trailing edge effectiveness in contralling pitch.

On an unswept congtant chord wing, the aerodynamic center at each span postion is at the same longitudina
location. For a swept wing, the aerodynamic center of the entire wing, the neutrd point, isthe
aerodynamic/geometric mean of the aerodynamic center across the entire span. Partid trailing edge
adjusments, affecting the lift a different span pogtions, will shift the neutrd point of the wing.

If thelift isincreased on the more rearward outer portions of the wing, the aerodynamic center of the lift
generated by the entire wing shifts closer (rearward) to the aerodynamic centers of those portions of the wing
generaing the increased lift. Conversdly, if the outer portions of the wing produces less lift, the neutra point
shifts forward.

When the neutra point moves rearward, awvay from the CG, the static margin and moment arm of the lift
increase. This not only affects gability, but dso how much the lift affects Cm. Increasing thellift on the
rearward portions will make Cy more negative, causing a nose-down pitch change.

1. Model Aircraft Aerodynamics 4th ed., Simons, Martin; Nexus Specid Interests, 1999, pg 243.

2. Dynamics of Flight: Sability and Control 2nd ed., Etkin, Bernard; John wiley and Sons, New
York, 1982,

3. Smons suggedtsthat ] e/ a can be approximated by the vaue 35a,/A, where A is the aspect ratio
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of thewing. Simons aso indicates that the tall efficiency needs to be conddered and suggests scaing
the tall volume by 0.65 for anormd tail and 0.9 for a T-tall.

4. For the RG15 from the UIUC database, which has measurements for the RG15 at different flap
sttings, 1 Cro /11 dis-0.0033, and Cp g is0.0215.
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