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Most high performance airplane suffers from low period
damping at high altitude and low speed flight condition.

The effect can be easily noted in the above transfer function
equation.

It is clear that, the open loop short period damping ratio and
frequency both deteriorate rapidly with altitude.

To maintain the acceptable handling qualities of aircraft
there is a need of much high damping ratio system. This can
be achieved with a Pitch damper.
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It is noted that pitch rate of the aircraft was used as an feedback.

If the pitch damping gain K is selected for best possible closed loop damping
ratio at sea level it is seen that the performance of such a damper rapidly
deteriorates with altitude.

To solve the problem, a idea of gain scheduling is used

Pitch rate feedback gain K is scheduled with as altitude (mach number as
required) to achieve the desired closed loop performance.

To achieve a damping ratio of about 0.61 at 60,000 feet requires 4-5 times
sea level gain.

There is another even worse problem at altitude, the undamped natural
frequency deteriorates to the point where the airplane become sluggish.

To get faster response (high damping natural freq) responses some times
requires some of attack feedback.
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Pitch damper root locus plot focusing on
short period roots
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Pitch damper root locus plot focusing
on short period roots
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Pitch damper will tends to oppose any pitch rate away from the reference
input.

In a steady and level flight the reference pitch rate input is normally zero.

However, if a pilot want to maneuver an airplane in the vertical plane (push
up or pull down ) a non-zero pitch rate is desired.

The above problem has been overcome by two methods

— Use computed pith rate as reference input during pull up and pull down
maneuver

— Use a washout circuit in the feedback path.
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It is noted that in the above figure, there are two loops, one is the inner loop
(pith rate feedback) which is responsible for control the short period damping
or oscillation where as the outer loop (pitch angle feedback) which is
responsible control the phugoid damping or oscillation.

The pitch damper helps to improve the short period damping of the aircraft
where as the “washout circuit” and “computed pitch rate” are needed to
perform longitudinal aircraft maneuvering.
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Roll damper

To improve the roll out characteristic of an aircraft roll rate feedback is used.
It helps to increase the rollout mode stability of an aircraft.

Roll rate feedback helps to improve the effect of artificial increase in wing
span.

As a result the aircraft behaves very stable in lateral axis.
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The above figure is a block diagram of a roll angle control system.
The reader probably wonders why the roll rate feedback is
necessary.

A look at a sketch of the root locus for the system without roll rate
feedback shows why it is needed. As can be seen from Figure 1 (a),
even a low gain drives the system unstable, and unity feedback
results in a too lightly damped response.

Figure 1 (b) shows the effect of roll rate gyro feedback. By adding
the inner loop with the roll rate feedback, a higher outer loop
sensitivity can be used without producing instability.
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Casce Il

The following aircraft transfer function has already very good roll
damping characteristic.

Further adding roll rate feed back may leads to decreasing the gain value
of the outer loop compared to its inner loop.

It is noted that in figure 2 and figure 3 the gain value without rate
feedback is high when compare to rate feedback.

In general, the rate feedback is mainly used to improve the gain sensitivity
and improve less damping value.

If a aircraft having very good roll damping characteristic don’t use the
roll rate feedback.

The following case is just for reference study.
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Yaw Damper and its importance
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Yaw damper will tends to appose any yaw rate away from the reference input.
In a steady and level flight the reference yaw rate input is normally zero.

However, if a pilot want to do roll maneuver (Constant bank angle turn ) a
non-zero yaw rate is desired. Else the yaw damper will tend to “fight “ a pilot
who is try to setup a constant bank angle turn.

The above problem has been overcome by two methods

— Feed Computed yaw rate to the yaw damper (reference)input

— Use a washout circuit in the feedback path.
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In the case of computed yaw rate, a compute signal from the
equation is feed to the reference input.

R =y1C0S 61.COS ¢

The yaw damper will try to eliminate any yaw rate above or below the
value given in the above equation. This is referred as “Computed yaw
rate” input.

From the equation it is evident that, these components are mandatory
to measure the computed yaw rate

« A gyro to measure pitch angle

e A gyro to measure bank angle

o A gyro to measure the heading

e A computer to multiply the above values.

If any one of the sensor is not available, a low cost option is the use of
“wash out circuit”.
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Where 7 IS a washout time constant

The time domain response of a washout circuit is shown in the figure.
It is seen that a washout circuit drives a given input to zero at pace
determined by the magnitude of time constant.
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During a turn, the washout circuit will stop “fighting” the yaw rate in
any significant manner after a little time more than seconds elapsed.

Clearly if 7 is very small, the yaw damper will not work at all. If 7is
very large, the yaw damper will fight the pilot in the setting up turn.

A compromise is required. Typical of such compromise is

T =43seC
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Yaw damper with washout circuit
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What’s the need of yaw damper?

A yaw damper is primarily used to improve Dutch roll characteristics
of an aircraft. Good Dutch roll characteristics are essential to tight
tracking tasks such as

Air-to-Air refueling.
Formation flying.
Approach (landing).
Air-to-Air tracking.
Air-to-ground tracking.

Kaviyarasu A, MIT Aeropace Engineering



Air-to-Air refueling

Formation flying



Air-to-Air tracking

......

(RIRRIE

TR VT
—-
m—
-
.
e
~—
e
g

Air-to-ground tracking( weapon delivery)



Aircraft landing
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Yaw damper root locus plot focusing
on Dutch roll roots
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Yaw damper root locus plot focusing
on Dutch roll roots
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Yaw damper root locus plot focusing on Dutch
roll roots —damping of 0.5
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e To make the yaw damper more effective throughout the aircraft flight

envelope, the gain, K, may be scheduled with dynamic pressure or
other flight parameters.

« In addition, selection of the washout filter time constant will affect the
value of the gain needed to obtain the desired stability characteristics.
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With passenger comfort its primary function, the Yaw Damper is an
independent subsystem compatible with any autopilot system.

It enhances directional stability by eliminating short-term yaw
oscillations.

It may assures exact coordination in all turns and maneuvers through the
use of an exclusive rate gyro and electrolytic potentiometer (skid sensor),
thus reducing pilot workload.

Mostly yaw dampers are considered stand-alone systems unless they are
approved as part of the autopilot system.

Some of the yaw damper systems have the capability to be inter-
connected to the autopilot systems to provide full three axis control when
the autopilot is engaged and disengagement of the yaw damper when the
autopilot master disconnect is used.
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