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CONVENTIONAL AIRCRAFT POWER DISTRIBUTION
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MORE ELECTRIC AIRCRAFT POWER DISTRIBUTION
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ELECTROMECHANICAL ACTUATOR (EMA)
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Industry trend towards power-by-
wire actuators with evolution of the
More Electric Aircraft concept

Lack of accumulated knowledge and
experience regarding EMA reliability
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RESEARCH
MOTIVATION

RESEARCH
OBJECTIVES

Industry trend towards power-by-
wire actuators with evolution of the
More Electric Aircraft concept

Lack of accumulated knowledge and
experience regarding EMA reliability
and the risk of failures

Study and implementation of a
quantitative model-based fault
detection and isolation methodology
based on bond graph

Application to an EMA model



FAULT DETECTION AND ISOLATION




FAULT DEFINITION
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“Fault is generally defined as a departure from an acceptable
range of an observed variable or a calculated parameter
associated with a process.” (VENKATASUBRAMANIAN et al., 2003)
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FAULT DETECTION AND ISOLATION (FDI)

\ N P4 Fault detection: to determine if the
— — system behavior has departed from the
/ : \ acceptable operation, raising a fault

alarm in case of unacceptable behavior.

Fault isolation: to reduce the number of
fault candidates, using one or more
decision procedures to isolate the
component responsible for the faulty
behavior.
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FAULT DETECTION AND ISOLATION (FDI)
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RESIDUAL SPACE MODEL-BASED FDI
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ELECTROMECHANICAL
ACTUATOR MODEL
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DIRECT DRIVE EMA - WORD BOND GRAPH
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EMA FAILURE MODES
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DIAGNOSTIC BOND GRAPH
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EMA DIAGNOSTIC BOND GRAPH
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EMA COUPLED MODELS
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EMA FAULT SIGNATURE MATRIX
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SIMULATION AND RESULTS




20-SIM BG MODEL IMPLEMENTATION
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NORMAL OPERATION
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FDI RESULTS SUMMARY
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The Diagnostic Bond Graph approach was
proven as a powerful tool, suitable for the
implementation of FDI on complex
multidisciplinary systems, such as the
electromechanical actuator.
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EMA MODEL - MECHANICAL POWER TRANSMISSION
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EMA FAULT SIGNATURE MATRIX
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JAMMING
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FUTURE
RESEARCH

Refinement of the EMA model, including PDE and
actuator control;

. Analysis of the closed loop response, and its

impacts over the response to failure modes;

Robust FDI and sensitivity analysis of the residuals
in the presence of parameter uncertainties;

Evaluate the inclusion of more sensors in order to
improve faults isolability;

Bicausal Bond Graph (BBG) models for analysis and
improvement of sensor placement for better
isolability;

Multiple-fault scenarios, applying multiple-fault
isolation techniques;

Fault Tolerant Control (FTC) techniques for fault
accommodation / passivation;

DBG online simulation, with inputs from a real

system.
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MORE ELECTRIC AIRCRAFT
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EMA MODEL PARAMETERS

TABLE 6.1 - EMA model parameters.

Parameter

Value Unity Description

Jm

0.001279 kgm?rad~' EM rotor inertia

K. 3x10® Nm! Load comphance stiffness

- 3x10® Nm™ Roller-Screw compliance stiffness
| - 3 mH EM stator winding inductance
M, 600 kg Load reflected mass

M, 1 kg Roller-screw rod mass

P 2.54 mm Lead of roller-screw

R.p. 1 x10* Nsm™! Load compliance damping

Rer 1x10* Nsm™ Roller-screw compliance damping
Rim 1x10~2 Nsm™! EM friction coefficient

Ry 1x10* Nsm™ Roller-screw friction coefficient
Ko 046 NmA™! EM torque constant

Re 1.5 Q EM stator winding resistance

Us 115 V Bus voltage

Source: (EXLAR, 2018; FU et al., 2016; WANG; MARE, 2014).
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CAUSAL PATH ANALYSIS

Causal paths leading to residual r1:

1;
2.
3.
4.

Us — e1 = €23 —+ eag — resy
im — fos = fo3 = fo = Lw — €9 — €03 — €24 —> resy
Wpm — f-_)g —> fn_)(_\, — f_; — Km —+ €4 —> €93 — €94 —r T€Sy

im — f-_}; =+ fgg — f;} — Ry — €3 — €93 — €94 — resy

= & -
renll, i Lae i M )

FIGURE 5.9 - EMA diagnostic bond graph model.
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BACKLASH MODEL

Pure spring effect: using zo = 0, the elastic force F; is purely proportional to the

relative displacement z, and is given by equation 5.10

F. = keze (5.10)

Backlash effect: using z¢ > 0, configures a dead zone (F. = 0) of 2zp and the elastic

force F, is given by equation 5.11

ke(e — x0) Te > 0

(5.11)

|~I'0‘ <z

ke(ze +30) Te < —x9

Preload effect: using x5 < 0, configures a preload force |Fy| = ke|zp| and the elastic

force F, 1s given by equation 5.12

ke(zc . -TU)
2k.z,
ke(xe + -750)

I, > —I
|ze < [ol (5.

Te < I

- 12)

Fo A i<0
/ xp=0
4
i ,’ ,’ xp>0
1) 7 4
ST 4
I 1z 4
preload ¥ 1 4 4
- I 7 / ke
Fo—Ae‘\g I ’ | ,’
I AR,
ol '{ 1% -
I ' -
/) 7P Xr
/A
J / 1 / " backlash: 2x,
> ¥ preload
'I II: 7 7 | Fo=kaxo
17
l’ [l lgs
backlash ’l /
pf”'e .\'}),'?Jlg

preload

FIGURE 5.7 — Compliance model with backlash and preload effects (FU et al., 2016).



EXPERIMENTAL THRESHOLDS

TABLE 6.2 — Experimental residual
thresholds, using 0.5 s moving aver-
age.

Residual (r;) Threshold (s;)

1 1
9 50
T3 1.5e5
T4 1.5e5




NOISE MODEL

Vi

1V
Gaussaniease
e R +
input K » ) utput
+
Gain

FIGURE 6.9 — 20-sim implementation of the noise model.
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