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Abstract 

Pilot Induced Oscillations are still a serious safety problem in aviation. Especially in regard of the 

continuous evolution of modem fly-by-wire flight control systems, PIOs seem to occur more 

frequently. Although test pilots, flight test engineers and handling qualities specialists have dealt with 

this phenomenon over the past three decades, it still is difficult to apprehend and all too often it 

catches pilots as well as engineers by surprise. This report gives a brief overview of the mechanisms 

and the contributing factors in pilot behaviour, in aircraft dynamics and in the environment that lead to 

a PIO-condition. 

A great effort has been made over the years to develop reliable tools, analytically as well as 

experimentally, which are capable of identifying PIO-prone and PIO-resistant configurations. Five of 

the most acknowledged, state-of-the-art frequency and time domain criteria for evaluating PIO- 

susceptibility, based on linear aircraft dynamics, are introduced and compared. These are the Neal and 

Smith Criterion (original definition), the Bandwidtwitch-Rate Overshoot Criterion, the Smith- 

Geddes Criterion, the Gibson Phase Rate Criterion and the Gibson Dropback Criterion. These Criteria 

are applied to two selected flight conditions of a linearised, small perturbations model of the F-4C 

(Phantom 11) aircraft, based on the longitudinal equations of motion. The responses of the 

mathematical aircraft model, which is developed for this purpose using the state space method, are 

examined and verified with the MATLAB software package and the applicabilityhitability of the 

criteria for this configuration is assessed. Finally, similarities and differences in the application of the 

criteria, the utilised criterion parameters and the obtained results are discussed. The objective of this 

exercise is to provide a consolidated review of current criteria for longitudinal PIO-evaluation. 
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Investigating the PIO-Susceptibility of the F-4C PIOs, an Introduction 

1. PlOs, an Introduction 

Inadvertent, destabilising pilot-aircraft interactions causing unwanted aircraft attitude and flight 

path motions are most generally referred to as Aircraft-Pilot-Coupling (APC) events. They can be 

either divergent or oscillatory in nature and occur through a variety of flight conditions. In the 

latter case these phenomena are called PIOs - Pilot Induced Oscillations, Pilot Involved 

Oscillations or Pilot In-the-loop Oscillations. They can happen on any aircraft but have had the 

most devastating effects when encountered by very agile, high performance aircraft as only 

recently documented in the accidents of the YF-22 and the JAS-39 “Gripen”. 

APC events usually occur when the pilot is engaged in a highly demanding, closed loop control 

task (which means the Pilot Vehicle System (PVS) is operated close to its stability margins) and a 

sudden, abnormal change either in pilot behaviour, in aircraft dynamics or in the environment 

takes place, creating mismatches between actual and expected aircraft responses, causing the 

control system to become unstable. The following sinusoidal oscillations or divergences result 

from the efforts of the pilot to simply maintain control and to impose his will on the aircraft and 

differ greatly from deliberate oscillations caused by periodic stick motion such as stick pumping, 

which is open loop in character. It is essential for an APC to occur, that the aircraft and pilot 

dynamics form a closed loop feedback control system, since the pilot’s actions need to depend in 

part on the motions of the aircraft in response to pilot commands. The pilot is said to be operating 

closed loop or to be in the loop. 

High gain tasks which are a prerequisite for these rare, unexpected interactions include in-flight 

refuelling, formation flying, landing on the deck of an aircraft carrier, manual terrain following, 

target tracking and landing in adverse weather conditions. Severe APC events are most 

commonly due to deficiencies in the design of an aircraft and although the pilot is an essential 

element, he cannot be made responsible. Nearly all of the documented APC-events have occurred 

during flight testing. This may seem very comforting, since it is tempting to say, that this is the 

perfect environment to track down causes and to eliminate them. Unfortunately, it cannot be ruled 

out that these phenomena do not also occur when an aircraft has already entered operational 

service. The reason, why so little is heard about APCs in operational service, is that, according to 

McRuer in Ref. [ 131, the reporting mechanisms currently available are insufficient. 

APC events can occur in pitch, yaw and roll respectively and in some cases they may involve two 

or three axes simultaneously. This report focuses on PIOs as the oscillatory variant of APC 
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