


















1. INTRODUCTION 

3.1 Background - to t he Prop ramme of Resea rch 

The work contained in this report is part of an on-going programme of research into 
handling qualities of fly-by-wire civil transport aircraft currently being undertaken 
within the Flight Dynamics Group of the College of Aeronautics (reference 1). 

Although much work has been undertaken into handling qualities of military aircraft 
over the last 30 years, civil aircraft have received considerably less attention. Over the 
last decade civil transport aircraft incorporating fly-by-wire flight control systems 
have been introduced into commercial operation, the latest including some modified 
aerodynamic designs (reference 2). However the civil arena lacks the supporting 
research into handling qualities that the military side has enjoyed. More recently the 
civil side is beginning to receive the attention it deserves with work in Europe by 
Fokker (reference 3) and the Group for Aeronautical Research and Technology in 
EURope (GARTEUR), reference 4, for example. In the United States much work has 
been done by the manufacturers such as Boeing (references 5, 6 and 7) and 
McDonnell Douglas (references 8, 9 and lO), and as ever work supported by the US 
Air Force and NASA. 

The primary aim of this current programme is to design flight control laws to give 
fly-by-wire civil transport aircraft excellent flying qualities at all flight conditions, 
but especially in piloted flight phases. The most critical flight phase of a civil 
transport is that of the landing approach, and, as with other studies of this type, this 
phase receives the greatest attention in this study. 

This report concerns an analysis of the C* parameter. The C* criterion was one of the 
first handling qualities criteria designed to take account of advanced aerodynamic 
designs of modern aircraft and higher order systems introduced by flight control 
systems. Several aircraft have since employed control laws based around the C* 
parameter. A proportional feedback C* controller was applied to a Boeing 747-100 in 
landing approach configuration, and assessed against the C* criterion and the US 
military specification MIL-STD- 1797A (reference 11). 

1.2 Background to t his Studv 

The classical longitudinal reduced order handling qualities requirements are expressed 
in terms of the short period natural frequency and damping ratio. These two 
parameters completely describe the short term angle of attack, and normal 
acceleration, dynamic response of a classical aircraft, and so are an effective measure 
of the aircraft's handling qualities. 

However with the introduction of augmented aircraft it was found that aircraft that 
had well tailored short period dynamics exhibited deficient handling qualities. This 
was especially true for aircraft that employed advanced aerodynamic design and 
Flight Control System (FCS). While the addition of Stability Augmentation Systems 
(SAS) could introduce additional mode dynamics at frequencies close to the short 
period mode frequency, it was also postulated that the pilot may be sensitive to other 
motion cues in addition to the normal acceleration as described by the classical short 
period handling qualities requirements. 
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