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Preface 

Lieutenant General “Jimmy Doalittle” L> most often remembered for his famed raid on Japon using B-25 aircraft launcbed 
from the deck of the Navy aircraft camer Hornet; however, tbis amazing mari’‘’ contributions to aviation hardly ended there. 
Besides being the first person to be awarded a Sc.D. in Aeronautical Science fmm the Massachusetts Instihtte of Technology, 
he was arguably the father of the discipline that is now called Avionics. He placed the fu’st instrument flight equipment in an 
aircraft, petformed the tint long distance ilight using instruments alone and even performed tbe fïrst instrument approaches 
[ref. 581. It seems likely, however, that even be could net bave imagined the proliferation of avion& equipment in modem 
aircraft, paticularly military aircraft. 

Modem military aircmft rely heavily on hlghly complex electronic systems to make them effective weapons in a world tïlled 
with equally sophisticated counter systems. These components cari add up to as much as 80% of tbe aimraft price tag. As new 
systems are developed, numerous tests are oecessary to provide feedback in the iterative design process and to ensure that 
design panmeters are met. Unfortunately. little has been written on the techniques for testing these systems. Even today, test 
pilot training prognms stress aircraft performance and handling qualities testing, while tbe majority of test work revolves 
around avionics testing. This book IS an attempt to put in print the mdimentary knowledge necessary for a test pilot or 
engineer to develop and execute a cost effective and quick test of a modem avionics system. 

Préface 

Le général “limmy Doolittle” est plus souvent connu pour son fameux raid sur le Japon a bord d’un B25 IancC du porte- 
avions Hornet: cependant, la contnbutmn de cet homme remarquable a l’aviation ne s’arrête pas 1% 

Non seulement il est la premi& personne à avoir reçu un doctorat en sciences a&onautiques du MIT, mais il est également, 
sans conteste, le p&re de cette discipline que l’on appelle maintenant I’avionique. II est le premier a avoir dquipé un avion 
pour le vol aux instruments, effectué le premier vol longue distance en volant uniquement aux instruments et même effectu6 
les premiéres approches aux instruments (réf. 58). Il semble probable malgré tout qu’il n’aurait pas pu imaginer l’esson de 
l’avionique dans les avions modernes, particulièrement les avions d’armes. 

Les avions militaires modernes dépendent largement de syst&mes électroniques complexes pour les rendre efficaces dans un 
monde rempli de systémes adverses également sophistiqu6s. Ces systèmes peuvent repr&enter jusqu’a 80% du prix de 
l’avion. Au fur et à mesure du développement de ces systèmes, de nombreux essais deviennent nkessaires pour assurer un 
retour d’information dans le processus it6ratif de conception et pour s’assurer que les sp&%cations sont remplies. 
Malheureusement, il y a peu d’&its sur ces techniques d’essais. Même aujourd’hui, les programmes d’instruction des pilotes 
d’essais insistent davantage sur les aspects petformances et qualités de vol, alors que l’essentiel des essais en vol concerne les 
systemes avioniques. Ce manuel est une tentative pour décrire les conna.issancea de base utiles à un pilote ou a un ing&nieur 
d’essais pour concevoir et exécuter un programme d’essais de ces syst&mes modernes qui soit rapide et d’un bon rappon 
qualité-coût. 
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Foreword 

This book is intended as an intmductory document to the subject of avionics flight testing. The target reader is the novice 
tester, desiring an initial exposure to the subject. Referme is made throughout the book to more in-deptb documents, where 
they exist. In practical application, the new tester should use this book as a primer and then refer to the more detailed 
documents relating to the class of avionics under test or to the experience of more senior testers. 

The first chapter provides a detailed discussion of the content and utility of the book. Chapters two through five provide a 
discussion of the theory and techniques for testing airbome air-to-air and air-to-ground radar, airbome navigation systems, 
electro-optical systems, and stores management sets, respectively. Each chapter begins with an introduction to the theory of 
operation of each chus of system with sufficient deuil to understand the test techniques which are next presented. Each test 
technique is developed in a largely self-contai& fashion. Chapter six is a discussion of geneml considerations for 
developing a flight test profile combining some number of the previously described techniques. Chapter seven is a detailed 
case study and chapter eight includes some conclusions and recommendations. 

As mentioned above, this book is intended as an introductov document for the novice. As such, caution should be exercised 
when directly applying the techniques provided hem. Fmther research is warmnted in most cases including more advanced 
documents relating to the theory and testing of the class of avionics in question. Chapter one points ouf that adequate 
referaces do not exist for every class of avionics, in these cases, it is important to search out persans with practical 
experience in testing similar systems. 
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Acronyms, Symbols and Abbreviations 

A = antenna capture Area 

a = local speed of sound 

ACM = Air Combat Maneuvering 

ACP = Armament Contml Pane1 

AGARD = Advisory Croup for Aerospace Research and 
Development 

AGL = Above Oround L.evel 

ALT = ALTitude to begin air-to-ground resolution _y 
test ru” 

AMTI = Airbome Moving Target Indicator 

avgv = average of the latitude of two radar tagets 

BIT = Built In Test 

B. = noise band width 

B,, kl = angular width of the B scan disphty in degrees 
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CAD = Cattridge Activated Device 

CAP = Combat Air Patml 

CPA = Closest Point of Approach 

C = speed of light 

CRT = Cathode Ray Tub-e 

db = decibel 

DBS = Doppler Beam Sharpening 

DDL = Dispersive Delay Line 

deg = degree 

DEP = Design Eye Position 

DLC = Delay Line Canceler 

DME = Distance Measuring Equipment 

DOD = Department of Defense 

DR = Dead Reckoning 

dtift dh = measured angulw horizontal draft 

drift bv = measured angular vertical drift 

drifk = measured horizontal drift 

drift, = meastued vertical drift 

ECM = Electronic CottnterMeasttres 

EHF = Extremely High Frequency 
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FSM = Electmnic Support Meastres 

EW = Electmnic Warfare 

f = fquency in hertz 

FCS = Fire Contml Set 
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FLIR = Fotward Looking Infrared Radar 

FM = Frequency Modulation 

F. = noise figure 

F0 = transmitted carrier frequency 

FRL = Fuselage Reference Line 

ft = feet 

g = acceleration due to Gravity 

G = directive gain of the antenna 

GDOP = Geometric Dilution Of PreciSiOn 

GHZ = Gigahertz 

GPS = Global Positioning System 

h = hotimntal measwement of FLIR IFOV projected onto 
wall 

H = altitude above the terrain in feet 

HF = High Frequency 

XIV 



_ 

HOTAS = Hands On Thmttle And Stick 

h, = calibrated pressure altitude 

HPD = Probability of Detection 

h,, = indicated pressure altitude 

h, = observed pressure altitude 

HUD = Head Up Display 

HZ = hertz 

IFF = Interrogator Ftiend OI Foe 

IFOV = Instantaneous Field Of View 

IFOVh = Instantaneous Field Of View horizontal dimension 

IFOV, = Instantaneous Field of View vertical dimension 

IFR = Inshument Flight Rules 
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in = inch 

INS = Inertial Navigation System 

IR = InfraRed 
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KW = Kilowatt 

1 = distance from FLIR aperture to crosshair intersection 
mark 
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L = receiver loss factor 

LASER = Light Amplification through Stimulated 
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LED = Light Emitting Diode 

LF = Low Frequency 

LORAN = Long Range Navigation 

LAT = the numerical average of the latitude of the two 
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lb, = pounds force 
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m = meter 

M = Mach number 

MC = Mission Computer 
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MHz = megahertz 

MIN = MINotes 
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MSL = Man Sea Level 

M, = rme Mach number 

NFOV = Narrow Field Of View 

mn = nautiçal mile 
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display 

OAT, = indicated Outside Air Temperature 

OAT,, = observed Outside Air Temperature 

P = transmitted power of the radar 

PAL = Positive Arm Latch 

PCA = Polar Cap Attenuation 
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PW = Pulse Width 

R = gas constant for air, 53.35 (ft)(Ib#(lbXR) 

rad = radias 

Radar = Radio Detection and Ranging 

Rs = ta@ range at breakout 



RF = Radio Frequency 

R-n = radar horizon 

r = angular resolution of the FLIR 

rms = mot meas square 

R - maximum radar range _- 

R, u_b = thwretical unambiguous maximum range 

R - theoretical minimum range M” - 

R - theoreticul minimum range resolutio” _nr” - 

R, = the TACAN derivai range from the beginning of the 
peak of the sawtooth 

R,, = response of scanning FLIR 

R, = Range from tbe turget 

Le, = radar derived range tu the targets 

R,,, brt,n = minimum range betwee” test airplane and target 
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S = acmss azimuth target Sepamtion 
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AOAT,, = Outside Air Temperature inshument correction 

Ares = measured angular resolution 

AT = temperature differential 
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AV,, = airspeed instrument errer correction 

AV,, = airspeed position errer correction 

y = ratio of specific heats, 1.4 

y = aircraft flight path angle 

h = wavelength 

p = microns 

~sec = microsecond 

u = radar cross section 

adesired = desired radar cross section 

o = test ta@ radar cross sectmn 

Il = test radar advettised antenna beam width 

^ = degrees 

D R = degrees Rankine 


