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Aircraft Dynamics
Lecture 6

In this lecture, we will discuss

Neutral Point:

• The location of the CG for which CMα,total = 0

• Static Margin

Control Surfaces:

• Elevator deflection

• Trim

Examples:

• Calculating XNP , etc.
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Review

Wing Contribution:

CM0,w = CM0,w + CLα,wiw

(

Xcg

c̄
−

Xac

c̄

)

and

CMα,w = CLα,w

(

Xcg

c̄
−

Xac

c̄

)

≤ 0
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Review

Tail Contribution:

CM0,t = ηVHCLα,t (ε0 + iw − it)

and

CMα,t = CLα,w

(

Xcg

c̄
−

Xac

c̄

)

≤ 0

VH =
ltSt

Sc̄
, ε =

2CL0,w

πARw
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Aircraft Dynamics
Neutral Point

Now we have a moment equation.

CM,total = CM0,total + CMα,totalα

where
CM0,total = CM0,wf + ηVHCLα,t(ε0 + iwf − it)

CMα,total = CLα,wf

(

XCG

c̄
−

XAC,wf

c̄

)

− ηVHCLα,t

(

1−
dε

dα

)

Design Aspects:

• XCG

• VH

• iwf , it

• ....?
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Aircraft Dynamics
Neutral Point

For stability, we need CMα,total < 0. How does the location of the CG affect
stability?
Question:

• How far aft can we place the CG and retain stability?
I What is the maximum XCG so that CMα < 0.
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Aircraft Dynamics
Neutral Point

Definition 1.

The Neutral Point is the XCG for which CMα,total = 0.

For wing+tail, CMα has the form

CMα = CLα (XCG −XAC) /c̄− ηVHCLα,t

(

1−
dε

dα

)

= CLα

XCG

c̄
− CLα

XAC

c̄
− ηVHCLα,t

(

1−
dε

dα

)
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Aircraft Dynamics
Neutral Point

To find the XNP = maxCMα>0
XCG, we must solve the equation

CMα = CLα

XNP

c̄
− CLα

XAC

c̄
− ηVHCLα,t

(

1−
dε

dα

)

= 0

for XCG. This solution is given by

XNP = XAC + c̄ηVH

CLα,t

CLα

(

1−
dε

dα

)
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Aircraft Dynamics
Neutral Point

Definition 2.

The Static Margin is the normalized distance between the Neutral Point and
the CG.

Kn :=
XNP

c̄
−

XCG

c̄

By definition, Kn > 0 for a stable aircraft.
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Aircraft Dynamics
Static Margin

Recall from the solution of Xnp

Xnp

c̄
=

Xac

c̄
+ ηVH

CLα,t

CLα

(

1−
dε

dα

)

and the moment equation,

Xcg

c̄
=

CMα

CLα

+
Xac

c̄
+ ηVH

CLα,t

CLα

(

1−
dε

dα

)

,

we have

Kn =
XNP

c̄
−

XCG

c̄

= −
CMα

CLα

= −
dCM

dCL
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Aircraft Control
Lift Terms

CL = CLwf + η
St

S
CLt = CLα,wfαwf + η

St

S
CLα,t (αwf − ε− iwf + it)

=

[

CLα,wf + η
St

S
CLα,t

]

αwf −

[

η
St

S
CLα,t (ε+ iwf − it)

]

= CL0,total + CLα,totalαwf

where

CL0,total = −η
St

S
CLα,t (ε+ iwf − it) CLα,total =

[

CLα,wf + η
St

S
CLα,t

]
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Example: Steady-Level Flight

For a given flight condition, we have Q. To satisfy Lift=Weight, we need

W = L = (CLαα+ CL0)QS

Therefore, we can solve for

αwf,d =
W − CL0QS

QSCLα

To make αd the equilibrium point, we must satisfy

αd = −
CM0

CMα

Process:

1. Locate XCG so that CMα < 0.

2. Find St, so that
CM0 = −CMααd

Question: What happens when we change Altitude?

M. Peet Lecture 6: Neutral Point 12 / 32



Example: Steady-Level Flight
Change in Flight Condition

When we change altitude or velocity, what changes?

• Dynamic pressure changes - Q.

• CMα and CM0 are unaffected.
I Thus, αeq and stability don’t change

• CL = CLαα doesn’t change

• Lift
I Increases as we descend.
I Decreases as we ascend.

Conclusion: There is only one stable altitude for steady-level flight?
Question: How can we change altitude?
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Control Surfaces
Elevators and Ailerons

The lift force on a lifting surface can be modified by means of a Control Surface.

Control Surfaces on the
Wing are called
Ailerons

A Control Surface on
the Horizontal

Stabilizer is called an
Elevator.

A Control Surface on
the Vertical Stabilizer

is called a Rudder.
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Longitudinal Control Surfaces
Elevators

Lets focus on the effect of the Elevator.

An elevator deflection changes the lift produced by the tail - CL0,t
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Longitudinal Control Surfaces
Change in Lift

Deflection of the control surface creates an increase or decrease in Lift.

We quantify the effect by adding a CL0,
but leaving CLα unchanged.

∆CL = CLδeδe

where we define CLδe := dCL

dδe
. Then for

an isolated airfoil,

CL = CLδeδe + CLαα
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Longitudinal Control Surfaces
Change in Moment

Deflection of the control surface also creates an increase or decrease in Moment.

Again, the effect is to add a CM0, but
to leave CMα unchanged.

∆CM = CMδeδe

where CMδe := dCM

dδe
. Then for the

isolated airfoil,

CM = CMδeδe + CMαα
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Longitudinal Control Surfaces
Example

Suppose the line without δe corresponds to steady level flight. If we want to
increase altitude,

• ρ decreases, so Q decreases.

• We must increase CL to maintain Lift=Weight.

• We create a negative δe on the tail
I This increases CMt and decreases CLt.

• αeq increases, which means CL,total increases.

• Finally, L = W
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Elevator Deflection
Elevator effectiveness

An elevator effectively acts to change the inclination of the airfoil. Recall

∆CL = CLδeδe.

We can model CLδe as

CLδe =
dCL

dδe
=

dCL

dα

dα

dδe
= CLατ

Definition 3.

The Elevator Effectiveness is defined as

τ =
dα

dδe

Elevator Effectiveness is primarily determined by

• Surface Area of Elevator/ Surface Area of Tail.
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Elevator Deflection
Elevator effectiveness

τ =
dα

dδe

Clearly

• As surface area decreases, τ → 0.

• As surface area increases, τ → 1.

• Law of diminishing returns.

The same approach applies to aileron and rudder deflections - To be discussed.
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Trimming
A Brief Word on Trim Tabs

To avoid holding elevators at constant deflection, Trim Tabs are often used.

Trim tabs act as elevators for the elevators.
Create a bias proportional to

∆CL = τtCLα,tδt.

Trim tab effectiveness scales in the same manner as elevator effectiveness.
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Elevator Effectiveness
Examples
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Elevator Effectiveness
Examples
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Elevator Effectiveness
Examples
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Elevator Deflection
Total Pitching Moment

The change in total pitching moment is primarily due to changes in Lift. We
neglect ∆CM0,t

∆CM,total = −VHη∆CLt

= −VHη∆τCLα,tδe

Thus the total pitching moment can be written as

CM,total = CM0,total + CMα,totalα+ CMδe,totalδe.
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Elevator Deflection
Trimming

To alter the flight condition of an aircraft, we

1. Solve L = W to find αeq .

αeq =
CL,desired − CL,δeδe

CL,α

2. At Moment equilibrium, we have

CM,total = CM0,total + CMα,totalαeq + CMδe,totalδe = 0

So we can solve for

δe = −
CM0 + CMααeq

CMδe

.

Solving both these equations simultaneously for δe:

δe,trim = −
CM0CL,α + CM,αCL,desired

CMδeCL,α − CM,αCL,δe

= −
CM0CL,α + CM,αCL,desired

CL,ατCLα,t

(

St

S

CLα,t

CLα
− 1

)

VH

Note: Either hold δe at this position or use trim tabs.M. Peet Lecture 6: Control Surfaces 26 / 32



Reading Data off Plots
Examples: Moment Curve

We can find CMα = ∆CM

∆α
, CMδe = ∆CM

∆δe
, and CM0 = CM at α = 0.
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Reading Data off Plots
Examples: Neutral Point

Recall

Kn =
XNP

c̄
−

XCG

c̄
=

dCM

dCL

This allows us to find the Neutral Point. How to trim for a specific flight
condition?
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Reading Data off Plots
Examples: Neutral Point

To trim for a flight condition, determine the required CL. Then adjust δe until
CM = 0 at CL,desired.
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Reading Data off Plots
Examples: Neutral Point
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Conclusion

Today we have covered:

Neutral Point

• Formulae for XNP

• Formulae for Static Margin

• Determining XNP and Kn from plots

Elevators and Trim

• Effect of Elevator on CM

• Elevator Effectiveness, τ

• Reading Elevator data off of plots
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Next Lecture

Next Lecture we will cover:

Numerical Example

• A walk-through of the design process

Directional Stability

• Contributions to Yawing Moment

• Rudder Control

Roll Stability

• Contributions to Rolling Moment

• Aileron Control
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