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• Engine failure causes disturbance torque
   Corrective torque requires high shear force (and
   torques) at root of vertical fin

• Delayed and exaggerated pilot reaction increases
  peak forces and torques

• Automatic control shall reduce peak forces and
   torques in order to reduce loads / weight
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Transfer car steering
result to aircraft: Most
severe disturbance
torque is tire burst -
engine burst. Yaw rate
increases rapidly.
Controller must
counteract by tire /
rudder deflection faster
and more precisely
than the driver / pilot
can do it.

�

Transfer car steering result to aircraft engine
out maneuver
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Disturbance torque
β

Pilot

Controller

Analogies

Aircraft  Car

Disturbance torques 
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Aircraft Car
  Purpose

Avoid energy transfer Avoid skidding
           into roll motion Improve handling
Reduce structural load

     Present Control
Lateral basic controller Car steering is
for yaw angle exists, controlled only by
but is too slow the driver

Engine fault detection
exists, takes up to
0.5 Seconds

Decoupling point P
P near tailplane P near front axle
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&Y2��X	�→�AY0��0�NEAR�FRONT�AXLE

&Y&��X	�→�AY0��0�NEAR�TAILPLANE
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The yaw rate U influences D � � only via ) � �� � �([���) (or�) � � ([�����))�

This force is uncertain. It becomes independent of�U, however, if the
argument [,  is made independent of U.

[� �[����U]

�

 has a known dependence on U that can be compensated by
such that U�����) � �� � ��[������

The control law has been derived using a planar model of the aircraft
involving no coupling with roll dynamics. Verification by simulation with
the full model including the standard electronic flight control system
(EFCS) and the „pilot panic reaction“ according to JAR 25.367.
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β δ
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1SJNBSZÌFGGFDUÌJOÌUIFÌQMBOBSÌNPUJPO
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4FDPOEBSZÌFGGFDUÌJOÌUIFÌSPMMÌNPUJPO
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5REXVWQHVV�DQDO\VLV�IRU����UHSUHVHQWDWLYH
RSHUDWLQJ�FRQGLWLRQV
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Conventional
Aircraft
with 
pilot 
panic 
reaction

Robust
Decoupling
Engine-
Out
Controller

0VUFSÌMFGUÌ&OHJOF�0VUÌ.BOFVWFS
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0MEÌ1MBO��2EINFORCE�TAILPLANE
OF�!����
����FOR�!���
����
&IGURE�SHOWS�REINFORCEMENTS

/FXÌ1MBO��5SE�$,2�CONTROLLER
LEAVE�TAILPLANE�AS�IT�IS�
SAVE�ABOUT����KG�
HAVE�COMMUNALITY�
ALSO�FOR�OTHER�!IRBUS
MODELS�

7.12



Conclusions

1 The robust decoupling concept for car steering yields significant safety
advantages.

2 The concept is transferred to the aircraft yaw motion under engine burst.

3 In both cases the main effect is due to the immediate reaction as soon as
a yaw rate occurs that was not commanded by the pilot. Thereby the
human reaction time (and later overreaction) is avoided.

4 The specific advantages of robust control for the aircraft are:
No panic reaction more safety
Reduced structural load cheaper airplane
Low energy transfer comfort
into roll motion
Small aileron activity reduced drag
Robustness Uniform improvement

for all operating 
conditions

5 The advantages of the control system are not restricted to the engine-out
case. The same control system also attenuates the effect of other 
disturbance torques. 7.13


