Contents

1 Introduction
Motivations
1.2 Book Outline

1.1

Control Surface Servo-Loops
Introduction and Motivations

3.1

3.1.1
3.12

3.13

2 Review and Basic Concepts ..............coovviiiiiiiiiiiiiiiiiiie i,
2.1 INtrodUCtION ....vuenee ittt a s
2.1.1 Fault Detection and Diagnosis, Fault-Tolerant
Control, and Fault-Tolerant Guidance .........................
2.1.2 Interaction Between FDD, FTC, and FTG ....................
2.1.3  Chapter Organization ..............ccoeviuuieieeerniinneeeeennnn.
2.2 Industrial State-of-Practice ..........ccovviiiiiiiiiiii i
2.2.1 General [deas..........ovviiiieiiiiiiiiii i
2.2.2 ACTONAULICS .+ .tuneeeettiiieeeeeettiiaaeeeeeenaaaeeeaeennnnns
2.2.3  Space MISSIONS .....uveeeeiiiiiieee e e e iiiieeeeennns
2.3 Review of Academic Advanced Results ........................ooil
23,1 Introduction ...........ouuiiiieiiiiiiiia e iiiiiee e
2.3.2  Analytical or Model-Based FDD ..............................
2.3.3 Recovery Aspects: FTCand FTG..............................
2.4 Toward Advanced Model-Based Techniques for Flight Vehicles.....
2.4.1 Needs, Requirements, and Constraints .............ccoeveeeen
2.4.2  Case StUAICS. . uuee ettt
2.5 CONCIUSIONS ..ttt ettt e ettt e e e et ieee e e iaaaeeaaaans
RefOIONCES ..t
3 Robust Detection of Oscillatory Failure Case in Aircraft

Primary Aircraft Control Surfaces .............................
The Link Between FDD of Control Surfaces
and Aircraft Structural Design ...

Oscillatory Failure Case

AN N W = =

11
11
11
12
13
14
14
15
17
19
19
20
22
22

29
29
29

31
32

Xiii



Xiv

Contents

3.2 OFC in Aircraft Control Surface Servo-Loop ...............oceeeenan. 33

32,1 DeSCIIPLION « . .ueettteeeee et 33

3.2.2 State-of-Practice: In-Service A380 Aircraft Example ........ 34

3.2.3 Motivations for an Advanced Model-Based Approach ....... 37

3.3 Verification and Validation Tools..........cc.oooiiiiiiiiiiiiiiiann. 38

3.3.1 Airbus Aircraft Benchmark (AAB) .............ccooinin. 40

3.3.2 Functional Engineering Simulator (FES)...................... 40

3.3.3 Industrial Assessment Criteria ..........ccoovviiiiieeeinnnnnn. 41

3.4 Nonlinear Observer Design..........ooeeeiiiiiiiiiiiiiiiiiiiieean. 43

34.1 OFC Detectability ......oouvuiieiiiiiiiiiiiiiiiiiie s 43

3.4.2 Proposed Detection Algorithm.............ooooiiiiiiiiiii, 45

3.4.3 Decision-Making Rule...............oooooiiiiiiiiiiii 52

344 Experimental Results ..., 54

3.5 Fault Reconstruction via Sliding-Mode Differentiation................ 57

3.5.1 Design of Hybrid Differential Observer ....................... 58

3.5.2 Experimental Results ...........ccooiiiiiiiiiiiiiiiiiiiiiii, 64

3.6 CONCIUSION ..uuuetititt ettt 70

REfeIeNCeS ..ot 70
Robust Detection of Abnormal Aircraft Control Surface

Position for Early System Reconfiguration ............................... 73

4.1 INtrodUCHION ...eeiii ettt 73

4.2 Industrial State-of-Practice ..........ccooviiiiiiiiiiiiiiiiiiiiiii, 75

4.3 Need for IMProvement.........vvvviiiiiiiiiiiiiiiriirieeeeeeeeeeeeeeens 77

4.4 A Dedicated Kalman-Based Solution ... 78

441 RUNAWAY .tttttiiiiiitititeeeeeees 78

442 JAMMING ..ottt eereeeeeeeeeens 81

4.5 Experimental Results ...t 82

4.5.1 Airbus Aircraft Benchmark (AAB) and Real

Flight Data .....ooviiiiiiiiiiiiiiii s 82

4.5.2  Validation and Verification on Airbus Test Facilities ......... 86

4.6 CoNCIUSION ...ttt ettt 88

ReferenCes .. ...ttt 89

Failure Detection and Compensation for Aircraft Inertial System..... 91

5.1 INtroduction ..........eeeiiin e 91

5.2 Failure Detection and Isolation in Aircraft Inertial System ........... 94

5.2.1 Problem Statement..........oouueeeeiiiiiiiiiieeiiiiiieeennn. 94

5.2.2 Classical Triplex Monitoring ..........ccovveviiiiieeeeeeeennenns 94

5.3 Enhanced Detection and Compensation Scheme ...................... 95

5.3.1 OFC Detection and Isolation Module.......................... 97

5.3.2 Consolidation Module ...........cccoviiiiiiiiiiiiiiiiieennn. 102

5.4  Simulation and Experimental Results.................................. 106

5.4.1 Simulation SEtup........oviiiiiiiiiiiiiiiiiiiiiii e 106

5.4.2 Single OFC Scenario .........cevvviiiiiiiiiiiiiiiirieeeeeneenns 108

5.4.3 Combined OFC Scenario........cooovviiiiiniiiineeininennnn.. 110



Contents XV

5.4.4 Other Faults .......oovviiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeees 112

5.4.5 DISCUSSION...ttttittttitttttttttteeeeeeeeeeeeeeeeeeeeeeeeees 114

5.5 CoNnCIUSION oottt 114

REfOIENCES ..\ttt e 116

6 An Active Fault-Tolerant Flight Control Strategy ....................... 119

6.1 IntroducCtion .......cooiiiiiiiiiiiii e 119

6.1.1 Problem Statement..................ooviiiiiiiiiiiiiii., 119

6.2 Fault-Tolerant Control Architecture..................oovvvveeeeeenn.... 120

6.2.1 FTC with a Model-Based FDD Scheme....................... 121

6.2.2 FTC with Dedicated Onboard FDD............................ 122

6.2.3 Analysis of FTC Architecture.........................ooeeee. 123

6.2.4 Formulation of FTC Design....................ooovvieeeen... 125

6.3 Bumpless Scheme..............ooiiii 127

6.3.1 Solution with a Model-Based FDD Scheme................... 127

6.3.2 Solution with Dedicated Onboard FDD ....................... 129

6.4  Application to a B747-100/200.........cooviiiiiiiiiieeen... 130

6.4.1 Requirements and Validation Tools ............................ 130

6.4.2 B747-100/200 Benchmark .......................eeLL L 132

6.4.3 FTC Problem Formulation to FM-AG(16) Project............ 134

6.4.4 FTCDeSIZN «ovviiiiiiiii e 136

6.4.5 Simulation and Experimental Results ......................... 140

6.5 COoNCIUSION .oviiiiiiii i e 145

Appendix A: State and Input Definition of the Boeing 747-100/200 ....... 146

Appendix B: A, B,, By, and C State-Space Matrices ........................ 146

References . oo 147

7 Model-Based FDIR for Space Applications ............................... 151

7.1 IntrodUCtion ...ooviiiiiiii i e 152

7.2 FDIR in Space Applications: State-of-Practice........................ 152

7.3 Model-Based FDIR Solutions ...............oovviiiiiiiiiiiinnnnnn..... 155

A N\ (0] 1 (o) s 156

7.5 ASatellite Example............oooiiiiiiii 157

T.5.1 DeSCTIPION .. evvvvetttiittititttteeeeeeeas 157

7.5.2 Designof the FDISystem ........cccvvviiiiiiiiiiiiiiiinnnnns 164

7.5.3 Computational Results ..........ccoeiiiiiiiiiiiiiiiiiiinnns 168

7.5.4  TS0lation StrateZy ......ovvviiiiiiiiiiereiiieieeeeeeeeeeeeeeeenns 170

7.5.5 Nonlinear Simulation Results ...........ccooeiiiiiiiiiiiin 170

7.6 A Deep Space Mission: Mars Sample Return ......................... 170
7.6.1 Modeling the Orbiter Dynamics During

the Rendezvous Phase ..........ccooviiiiiiiiiiiiiiiiiiiinns 174

7.6.2 Designof the FDISystem ........cccovvviiiiiiiiiiiiiiiiinnnnnns 177

7.6.3 Computational ISSUES .......ooviiiiiiiiiiiiiiiiiiiiiiiiiienns 182

7.6.4  TS0lation StrateZy ......ovvviiiiiriiiiiiiereeieieeeeeeeeeeeeeeens 183

7.6.5 Nonlinear Simulation Results ................cooiiiiiiiiinn.. 184



XVi

Contents

7.7 An Atmospheric Reentry Mission..........cccovviiiieiiiiiine... 184
7.7.1 The Auto-Landing Phase ..............ooooiiiiiiiiiiiiiaa. 187
7.7.2 Nonlinear SImulations .............cooieiiiiiiiiiiiaeeeninnnn.. 197

7.7.3 Application to the TAEM Phase .............c.cooooiieeiaa. 198
7.7.4 Nonlinear SImulations .............cooieeiiiiiiiiiineianiinnn.. 202

7.8 CoNCIUSION ...ttt et 205
ReferenCes .. oo 205
Conclusions and Outlook ................. ... i 209
8.1 Fault Detection and Diagnosis. . ........ooiiiiiiiiiiiiiiiiiinnnns 209
8.2 Fault-Tolerant Control and Guidance ...............ccoeeeiiiiiinn.... 211
8.3 Concluding Remarks..........ccooiiiiiiiiiiiii i 212
ReEferenCe ... 212



2 Springer
http://www.springer.com/978-1-4471-5313-9

Fault Diagnosis and Fault-Tolerant Control and
Guidance for Aerospace Vehicles

From Theory to Application

Zolghadri, a.; Henry, D.; Cieslak, J.; Efimov, D.; Goupil, P.
2014, XV, 216 p. 126 illus., 75 illus. in color.,

ISEM: 978-1-4471-3313-9



	Contents

