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ACTIVITES

Activité 1

e Travaux d’'identification du
modeéele du moteur

e CFD Simulation du facteur
d’homogénéité comme

un controleur basé sur un
modéele moyen

« Simulation de commande du
moteur a combustion

« Développement de commande
avancee (LPV, TS, Hinf, etc..)
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AFR, couple,
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Pression

Commande des
injecteurs




ACTIVITES

Activité 2

Boucle des
gaz

. Analyse structurelle et par arbre de r

defaillances Défaillances Défaillances Défaillances
actionneur s systéeme capteurs

. Surveillance de la boucle d’air et de fuel
| |

. Commande Tolérante aux fautes active ! '
Capteur de
EGR VGT température

Four Cylinder turbocharged diesel engine

Capteur de

pression

(@) romsimpeeien Ton. Sob ot ybcin
() e ot D
D) it et it

R ([33==
T : , sr

v

& .

ANTTOANWIS
dY'LIVIN

AMESIm

Virtual Simulato r

SCODECE

Smart COntrol & Diagnosis for
Economical & Clean Engine




Engine Faults

e Malfunction causes:

Design errors, implementation errors, human operator errors, wear, aging,
environmental aggressions.

* Type of faults:

» Actuator faults : EGR-valve position and VGT vane position

» Sensor faults : exhaust gas pressure, inlet manifold gas pressure, etc..

» System Dysfunction : fuel leakage, air leakage

SCODECE

Smart COntrol & Diagnosis for
— Economical & Clean Engine




Activite 3: Testbed
Caterpillar 3126 Midrange Truck Engine

Fig. 1. Caterpillar testbed 3126, Sussex university
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Caterpillar 31268B test bed

CAT 3126B Engine

M odel CAT3126B
Stroke 127mm
Bore 110mm
Displacement 7.25L
Number of cylinders 6
Cylinder arrangement In-line
Connecting Rod 199.9mm
Crank throw radius 63.5mm
Compression ratio 14.5:1
Number of Inlet valves 2
Number of Exhaust valves 1

Type of combustion

Direct Injection

Firing order

1-5-3-6-2-4

Dry weight

588Kg
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Considered Air-Path system

Function of VGT:

1. Primarily used to reduce turbo lag at low [ % Kﬁ!

Intercooler

engine speed; -
2. Help to introduce the EGR technology. p—r = Ouo e

Exhaust
manifold

Compressor

Function of EGR: i

1. Toreduce NOx emission for diesel engines. Air flow meter
(Oxygen and nitrogen tend to combine and
form NOx when the immediate surrounding 1. Instability at low
temperature exceed 1370 °C. engine speed

2. During the normal combustion process, the 2. Torque suffered at
temperature in the cylinder will go well above high load demand
this[1])
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Different stages of the Validation process (V-

diagram)
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HIL Engine in the Loop Power train in the LoopVehicule inthe  Loop

Optimization and
validation of :

- Emission,

Fuel consumption
Drivability
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Caterpillar 3126 Midrange Truck
Engine

Parameters .

[=2]
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* In-Line 6-Cylinder Diesel p: <
— Bore: 110mm
— Stroke: 127mm

T T T T

— Total Displacement: 7.2L

1500 1700 1900 2100 2300 2500
Engine Speed rpm

Ratedhp (KW)......ooviiiiniiiiiininnnnn. 250 (186)
Rated IPI: : - « = 5 ssvmmsmensmmsse s s oeseansawnn 2200
Governed rpm ........cvivvurirnnanansncncnenn 2400
LowIdlerpm.....ocoviiiiennnnnneccisnnnanssns 700
Operating Range (rpm) ..........oooivineinnn. 960
Altitude Capability — ft(m) ............ 10 000 (3050)
Peak Torque —lb-ft (Nem) ................. 660 (895)
Peak TOrque rpm. .. .covvsseiaraaeronnsesssonas 1440
Torque Rise (% from governed speed) ............. 26
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Sensors wiring to MicroAutobox

* Analog Input Type * Analog Output Type
— Temperature sensor — EGR drive
— Pressure sensor — VGT drive
— EGR feedback sensor
— VGT feedback sensor
— Flow meter

e Digital Input Type

— Encoder
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Outline

O Problem formulation

O Engine model

J Model validation

J Residual generation

 Decision system
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Problem formulation

. Model-based fault detection and isolation systems requires physical models
. Diesel engines are complex systems

It contains two parts : linear parameter varying (LPV) and a high nonlinear part
having a large Lipschitz constant,

. Presence of disturbances and unknown parameters

e Actuator faults : EGR-valve position (EGR) and vane position VGT

SCODECE

Smart COntrol & Diagnosis for
— Economical & Clean Engine



The contribution of the proposed work can be summarized as follows:

The proposed method concerns a more general class of nonlinear
parameter varying systems with unknown inputs for which the literature in
this field is very limited.

The problem of fault detection for nonlinear parameter varying systems
with unknown inputs has been investigated. The advantage of the
proposed method is that no a priori assumption on the unknown input is
required

The perturbations are also considered in this work;

The sufficient conditions of the existence of the NUIO are formulated, in an
elegant way, in terms of linear matrix inequalities

The MMVD (Modied Mean Value Theorem) approach is used for reducing
the number of LMIS to solve;

The performances are applied in the tesbed

SCODECE

Smart COntrol & Diagnosis for
-— Economical & Clean Engine




Considered Air-Path system

Le moteur considéré dans ce travail est un moteur diesel a 4 cylindres équipé
par la vanne de recyclage des gaz d'échappement (RGR) et du
turbocompresseur a géométrie variable (VGT).

Compressor
-
Intercooler Air Flow
. Meter
Cylinders
SENSOrs
=
Intake Exhaust AFR Sensar
hanifold Manifald
— —

| <]
JO|
=] o | 1 Variable Geometry
Turbochargr
@
cooler

Crankshaft

Ficure: Schéma de la boucle d’air
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Where:

Pressure in intake manifold :
Air mass flow: M,
EGR mass flow : M.,

Exhaust mass flow : My,

P

nlet




I R irCp Air A P_a: Pn
Pruir = ( A A W rmTeac Wi —: oo Bk agy !( ”e“)

4 KE i
CvAir VREh Tk Pexn

an.l"e!

Ren€p Exi P, NenePrni V.
p.Exh E
e WeGrTEGR Wintee = frol (Ngng= e ) e -)ng
v, Exh TInIeernfei‘ ?}nieern.!a‘ 120
Rintet Cp.Inlet W T T, o PrutecVinie
—— — YWInlet LInlet Inlet — R
Cv.Inlet (mair +meGR) Rinter
. My KExh—!
My B WHFM - ﬁf}n‘f&f an&! KExh
MAi +MEGR Tecr = Fxh
: _ w MEGR g, PEn
MepGr — EGR — Wil W —: W W
My +MEGR Exh — Inlet T WFyel
ey = Wem —Wrus —WeGr Oravh (Wryer . Neng)
TExh — T;'nfei‘ + W W
with Cp Exh ( Inlet T Fue:’)
M Tk
i 3 K+l Ppyy = Ve
2% {((ﬂ)x_(ﬂ) )} B
Po Pry, Pxn
WTui'b = = T .XVNT
( VIgag  \ Pa
R _ Rapmpi + Rpamecr
2 Inlet —
MAir + MEGR
e _ CyAirMAjr + Cy ExhMMEGR
winte Majyr — MEGR
Cpintee = Cylnla + Rinter

SCODECE

Smart COntrol & Diagnosis for
Economical & Clean Engine




Engine model parameters

@

Symb.

CJuantité

[
=
E.
4]

Frater
ﬁn lex
Rair
CpAir
Ty Air
REen
Cp.Exh
CywExh
Rinter
Cpinler
Cyinler

Warm
Teac
Weer
Tecr
H‘TF:: lar
Tinter

MEGR
Wew
e
Fran
T
Agcr
VEJ'IQ
Ng ng
Wruer
Orgv
VExh
Pdrm
Wrurp
Xvwnr

Fression dans le collecteur d”admission

Volume du collecteur d"admission

Constante des gaz parfaits d "air frais

Chaleur spécifique, pression constante, de 1"air

Chaleur spécifique, volume constant, de 1"air

Constante des gaz parfaits dans le collecteur d’échappe ment
Chaleur spécifique, pression constante, du gaz d¢ chappe ment
Chaleur spécifique, volume constant, du gaz d'échappement
Constante des gaz parfaits dans le collecteur d’ admission
Chaleur spécifique, pression constante, dans le collecteur d”admission
Chaleur spécifique, volume constant, dans le collecteur d’admission
Fapport des chaleurs spécifiques

D bit d’air entrant

Temperatare de 1"air aprés 1'échangeur

Débit d'EGR

Temperature du gaz d"EGR

D but d"air entrant

Temperature dans le collecteur d”admission

Masse de I'air dans le collecteur d"admission

Masse du gaz d"EGE dans le collecteur d’admission

Débit du gaz d"échappement

Masse du gaz d'échappement dans le collecteur d"échappement
FPression dans le collecteur d’échappement

Temperature in exhaust manifold

Cverture effective de la vane EGR

Volume des cylindrées totale

Vitesse du moteur

Débir de fuel injecte

Pouvoir calorifique

Volume du collecteur d'¢ chappe ment

Pression atmos phérique

Débit d’échappement aprés la turbine

Fosition de la vanne ¥ GT

>
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Model validation by AMEsim
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Model validation in testbed

ﬁnle!‘(Pa}
mair (kg)

PE_Th (Pa}
HE xh (kg)

(b) (b)

Simulated air and exhaust gas mass

Simulated (blue color) and measured (red
flows

color) inlet and exhaust pressures.
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Fault detection and isolation system

TABLE I
System
fa 1 j—————=—==== $Q R _lp ______ y —_—— - EFFECT OF THE FAULTS ON THE RESIDUALS
UEGR >[] > | F A A ]

v

r *® 0

|
|
|
: y r 0 b
|
|
|
|
|

VvV V

Diagnosis
result
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Residual generation

o
“Engine model : X=> p Ax+B g, y,upf (x,uyB,d+B,w
=1

The used diesel engine modXI E dil;/)l(d-lécpmw two parts : linear parameter varying
(LPV) and a high nonlinear part having a large Lipschitz constant

The H-infinity performance is used to attenuate the presence of disturbances

The modified H., estimation problem consists to compute the matrices
and L such that

lime(t) =0 for w(t)=0

t— o0

lelleze < yi2llwlliz for w(t)#0: e(0) =0

The modified mean value theorem (MMVT) is proposed to express the nonlinear
error dynamics as a convex combination of known matrices with time varying
coefficients,

This method is applicable to a wide class of nonlinear systemes,
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Residual generation

-Engine model : .
X = p,Ax+B g, y,upf (x,uyB,d+B,w
j=1
y = Cx+D,w

-NUIO-based residual generation:
z=N(p)z+Gg(v, y,u)+Mf (x,u)+L(0)y
Xx=z—-Ey
r = (y—-Cx)
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TABLE 1
EFFECT OF THE FAULTS ON THE RESIDUALS

Simulation results : (a) EGR and
VGT actuators. (b) Residuals.
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Decision system:

Residual evaluation

f p U SyStem EFFECT OF THE ;?JJ:TI'JSEDII‘J THE RESIDUALS
e e ——
! I
UEGR > : > ! y ElF Y

1 r 0 X

fa2 l ! O OO0 ! > 5 0l %
UXYNT >0 L I
1
! 1

\ A 4

Diagnosis
result

SCODECE

Smart COntrol & Diagnosis for

— Economical & Clean Engine



Decision system:

Cumulative Sum (CUSUM)

= Residual vector: )
r(K) = 1 (K) + D V.7, (K)o, &,
/=1

> [, (K) is the dynamic profile of the change
onT,

> V, is the magnitude of fault .

= The decision system aims at
choosing between the following

hypothesis : time (5)
Ho : L(r(i))=N(po.X),i=1,...,k FIGURE: Example : Residual
He 2 CEE)=N{po,:B),i=1, ...,k —1 signal - scalar case

. L(F(E) =N (e, B),i = ko, .. ., k
with prg = pog +vel'y.
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Decision system:

Cumulative Sum (CUSUM)

» The CUSUM decision function is based on the log-likelihood ratio (LLR) between
hypothesis ,and , namely:

s (£,0) = In PEF(R))

po(r(k))
0.4 : : :
VT
,ff A
E”a {
e
R M
% 4 2 6

1]
r

Example : Probability density function - scalar case
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Decision system:

Cumulative Sum (CUSUM)

The CUSUM decision function is computed recursively as :
gr(£,0) = max (0, gr—1(£,0) + si(£,0))

4000 T T : .

25001 /
3000F .
25001 gﬁfzjn) §
20001 // /
1500} EJV
1ocor /&fa.m 1
S00F ]

1 1.2 1.4 16 18 2
fime (s)
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Decision system:

Cumulative Sum (CUSUM)

Since the LLR between two faults is s (¢, j) =s (¢,0)-s.(j,0), then:
» A modified CUSUM decision function is computed as :

e i £,0) — i 0
g, DEIF#I?EE(Qk(a ) — gx.(j,0))

> An alarm is raised when g, > h, , where h, is a threshold

2000

1500} /

1000+ g,

S

-1000+ \gf \
-1500} g.
2000} \

-2500

1.4 1.
time(s)
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Decision system:

Cumulative Sum (CUSUM)

TABLE I
EFFECT OF THE FAULTS ON THE RESIDUALS

A0 . ; : ; ] . , . I ; / | r ” N h |
_______________________________ r 0 b
¥ — 200 x r * 0
&
1o
o

i i i i L i 1
3 4 S =] i 5} =] 10 11 13 1= 14

Multi-CUSUM decision functions
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AMESIM Results
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FicUuRE: Simulated Fault and Engine Speed

behavior Ficure: Residuals behavior
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AMESIM Results

FicuRrE: Actuator Fault Isolation
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Conclusion and perspectives

* We have developed an actuator FDI for diesel engines

* A bank of observers based on nonlinear unknown input observer has been used as
residual generator

* A multi-CUSUM algorithm for statistical change detection and isolation is used as a
decision system

 The performances of the proposed approach are shown through a real application to
caterpillar 3126b engine.

* Sensor fault diagnosis for diesel engines is under work.
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Conclusion and perspectives

Thank you for you attention
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