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We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item was monitored and guided by the Performance Committee. This Committee
first met in 1946 and now has the following membership

The construction and subsequent development of the Data Item were undertaken by

The person with overall responsibility for the work in this subject area is Mr C.J. Whittaker, Head of Performance.

Chairman
Mr G.J.R. Skillen — Independent, UK

Vice-Chairman
Mr K.J. Balkwill — Independent, UK

Members
Mr P.V. Aidala*

* Corresponding Member

— Northrop Grumman ESID, Bethpage, New York, USA
Dr J.D. Avery — Independent, UK
Mr M. Baxter — BAE SYSTEMS, Brough, UK
Mr M. Broad — Independent, UK
Mr E. Burdak* — Pilatus Aircraft Ltd, Switzerland
Mr A. Dalton — MOD, Boscombe Down, UK
Mr G. van Es — National Aerospace Laboratory NLR, The Netherlands
Mr P. Giesman* — Federal Aviation Administration, USA
Mr S.J. Hyde — BAE SYSTEMS, Prestwick, UK
Mr L. Kornstaedt — Airbus Industrie, Toulouse, France
Mr D.A. Law — Independent, UK
Mr C. J. Loughton — Independent, UK
Mr P.E.C.S. Magalhaes* — Embraer, Brazil
Mr R.J. Orlowski* — Boeing Commercial Airplane Company, Seattle, 

Washington, USA
Dr P. Render — Loughborough University, UK
Mr G.E. Smith — Independent, UK
Mr R. Storey — Independent, UK
Mr S. Tsach* — Israel Aircraft Industries, Jerusalem, Israel
Mr C.J. Turner* — Boeing Commercial Airplane Company, Seattle, 

Washington, USA.
Mr J. Werner* — Cessna Aircraft, Wichita, Kansas, USA.

Mr R. Storey — Consultant to ESDU.

 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Full document details: ESDU 17013 2017

http://www.avadocuments.com/doc/esdu-17013-2017
http://www.avadocuments.com/doc/esdu-17013-2017


i

ESDU 17013
AIRCRAFT PERFORMANCE FROM FLIGHT TEST
PART 3: IN-FLIGHT CALIBRATION OF AN ANGLE OF ATTACK SENSOR

CONTENTS

Page

1. NOTATION AND DIMENSIONS 1

2. INTRODUCTION 3

3. TYPES OF SENSOR 3

4. SENSOR POSITION 4
4.1 Adjustments to Local Flow Angle 4
4.2 Effect of Engine Intake Flows 4
4.3 Effect of Aircraft Angular Motion 4
4.4 Effect of Acceleration in Heave 5
4.5 Effect of Structural Bending 5

5. CALIBRATION METHODS 6
5.1 Equating Angle of Attack to Pitch Angle 6
5.2 Energy Height Method for Angle of Attack 6
5.3 Accelerometer Method for Angle of Attack 10
5.4 INS/GPS Method for Angles of Attack and Sideslip 11

6. CORRELATION OF DATA 13

7. REFERENCES AND BIBLIOGRAPHY 14
7.1 References 14
7.2 Bibliography 14

 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Full document details: ESDU 17013 2017

http://www.avadocuments.com/doc/esdu-17013-2017
http://www.avadocuments.com/doc/esdu-17013-2017


ESDU 17013

 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Full do
AIRCRAFT PERFORMANCE FROM FLIGHT TEST
PART 3: IN-FLIGHT CALIBRATION OF AN ANGLE OF ATTACK SENSOR

1. NOTATION AND DIMENSIONS

Dimensions

angle between  and  in Sketch 5.1 –

, coefficients of first-order polynomial (see Equation (5.26)) –

, coefficients of first-order polynomial (see Equation (6.6)) –

, , accelerometer readings along , ,  directions LT–2

, constants of integration (see Equations (5.21) and (5.25)) –

function of quantity in [ ] –

acceleration due to gravity LT–2

energy height L

altitude L

the integral defined in Equation (5.21) –

engine intake Mass Flow Ratio –

normal load factor –

origin of axis system –

rates of roll, pitch and yaw about , ,  axes T–1

resultant of accelerations , LT–2

time T

components of aircraft velocity along , ,  axes LT–1

components of velocity of aircraft relative to the Earth LT–1

components of velocity of air relative to the Earth LT–1

velocity along the air-path (true airspeed of aircraft) LT–1

resultant velocity of aircraft relative to the Earth LT–1

resultant velocity of air relative to the Earth (wind speed) LT–1
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In line with convention, the terms airspeed and wind speed are used in this Data Item even though they are
vectors and consequently should be referred to as velocities.

co-ordinates in , ,  body axes L

angle of attack –

angle of sideslip –

angle of climb –

increment –

angle of inclination (pitch) –

angle of bank –

angle of azimuth –

Subscripts

at time = 0

air-path axes

adjusted value (to normalised conditions)

relating to structural bending

in the direction towards the centre of the Earth

in an easterly direction

Earth axes

at the position of the centre of gravity

relating to acceleration in heave (angle of attack changing with time)

indicated value

measured

relating to engine intake mass flow ratio

in a northerly direction

value registered by sensor

sensor position
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2. INTRODUCTION

Determination of the incidence angles of an aircraft is fundamental to the derivation of a performance model
from flight testing.  The primary requirement is for knowledge of the effective angle of attack at the aircraft
centre of gravity. An indication of the angle of sideslip may also be used to ensure there is no significant
motion normal to the plane of symmetry and to account for any motion if appropriate.

Various types of sensor can be used for the purpose of determining these angles. 

These flow angle sensors may be located either ahead of the aircraft on a boom or directly on the fuselage.
For any position the sensor will measure the local flow angle rather than the true angle of attack or sideslip.
The difference between the measured and true angle, sometimes referred to as the position error, is a function
of upwash (determined by lift coefficient), sidewash and Mach number.  Depending on the location of the
sensor, local upwash and sidewash may also be a function of undercarriage position, flap deflection and
stores carriage.

The position of the sensor on the aircraft and the manoeuvres flown will determine the extent to which the
sensor readings may be affected by angular velocities of the aircraft, structural distortion in the form of
boom and/or fuselage bending under load and engine operating condition.  These effects will need to be
accounted for both in producing a calibration and in subsequent use of the calibration to determine true
angles of attack and sideslip.

In order to derive a calibration of the flow angle sensor it is necessary to determine the true angles of attack
and/or sideslip through a sequence of manoeuvres on a test aircraft.  In this Data Item a number of methods
are discussed for determining these angles.  The choice of method depends on the level of instrumentation
on the test aircraft.

3. TYPES OF SENSOR

Angles of attack and sideslip are determined in flight by measuring the local flow direction at some point
on the airframe and then relating that to angle of attack or sideslip at the aircraft's centre of gravity.  Flow
direction can be measured by one of a number of sensors which include the following.

(a) Vanes
Mass balanced vanes are mounted on the aircraft such that they are free to rotate to align with the
flow direction, one rotates about the local y-axis to determine angle of attack and one about the
local z-axis to determine sideslip.  Vanes may be fixed to a boom mounted on the nose (or wing)
of the aircraft, possibly making use of a Pitot-static boom if fitted.  Alternatively, they may be fixed
to the forward fuselage.

(b) Airstream Direction Detector (ADD)
The ADD is a null-seeking, differential pressure sensor.  The sensor rotates until the pressure in
upper and lower chambers are equal, that is when the sensor is aligned with the local flow direction.
The ADD is mounted on the aircraft's fuselage side to determine angle of attack, it can also be
mounted on the top or bottom of the aircraft nose to determine angle of sideslip.

(c) Differential pressure probes
An example of this technique is the five hole probe.  Five pressure sensing holes are arranged on
a truncated cone or hemisphere.  One hole is in the centre (to measure total pressure) and four holes
are arranged equi-distant around the face of the cone, or hemisphere.  The difference in pressure
sensed by opposing holes is a measure of local flow direction.  This pressure difference from
3

cument details: ESDU 17013 2017

http://www.avadocuments.com/doc/esdu-17013-2017
http://www.avadocuments.com/doc/esdu-17013-2017

