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Luft och bransle — Arbete och emissioner Modellsammanfattning 1(3)

Gaspedalstolkning och trottelposition
Medelvirdesmodellering .
Samband mellan aktuator och sensorer samt sensorer inbsrdes, Cref = Upedal 31 Upeaar € [0,1]
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Luftflade in i insugsrdret
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Modellsammanfattning 2(3)

Flade genom Katal och (i
turbulent)
n B
= G T

Gasflode fran motorn
eyl = Mac + M
Tryckuppbyggnad i avgasroret

en _ RTepditen, _ RTem (0o
At Vem dt | Vew T

Avgastemperatur

Emissioner fore och efter katalysatorn

Samband mellan aktuator och sensorer samt sensorer inbordes.
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Modellsammanfattning 3(3)

Bransleinjektor - Port inspr.
rig = Co N (tinj — to(Upare))

Branslefilm

s

e _ e 1
@ = X = 2-mp

Brénsleinjektor - Direkt inspr.

g = (1= X)mg + ,—‘&m;‘,
 till motor -
My
A= (AP

Gasblandning & Transportfordrajning

d
Do) =
aten() =25
Sensordynamik
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G o

streckad - fore katalysatorn

COvomeins:

(Mt = 7 (W) — Ae(8)

(exn(t) = As(£))

Trevagskatalysatorn och lambdafénsteret

heldragen - efter katalysatorn

B
Lambca window

Noxand Hoin %

Avgasrening med trevigskatalysator - kriver reglering

g = Co N (tin — to(Ubaee))
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A-reglering (A =14 0.03)

> Hart krav och g = Aterkoppling

> Stationart A = 1:
> Aterkopping fran (diskret) A-sensor.

> Tidsfordrojning 74(N) =  Framkoppling nddvandig.
~Enbart 3terkoppling ricker ej under transienter.

> Transient:
>

frin t.ex. eller
> Tva olika principer
Speed density — Mass air flow.

Pl reglering av A
Framkopplingen beraknar ett nominellt branslefléde
Mien = .-
Aterkoppingen justerar gissningen med en multiplikation
fited = Mife,n Fre = re,n (1+ Atc)

Multiplikationen centreras runt 1

Fe=(1+Ac)  with A&:K‘/eAdr

Reay  Controller | ™" Cylinder  Transport GO

Aterkoppling med relasensor

Samband mellan aktuator och sensorer samt sensorer inbordes.
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Integrerande regulator
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Pl regulator
1 Asona(t)
u(t) = Kpdsona(t) +
Ki [ Asona(t)dt
Kp=1LraK;

K
Amotor(t) = Hult)
Aavgas = Amotor(t = 74)
e Sjilvsvangningstid T = 274

Framkoppling for A-reglering — Transienter

Viktigaste reglerlooparna for bensinmotorer. Den dversta ar
lambda-regulatorn och den nedersta ar tandningsregulatorn.

pen oo &
feedforuard
e

Engine v

Engine

Kook
detction & cotrol

Experiment i motorlabbet

Kénner igen huvuddragen
Tuning av P regulatorn kan goras bittre.

Varfor ar inte aterkoppling tillrackligt?

Relisensor, tidsfardrajning, harda krav pa lambda stationirt
begransar forstrkningen.
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A-reglering — Framkopplingsloopen

Reglering med framkoppling
(ingen branslefilmskompensering)

A-Reglering — Transient

Kan inte mata m,c

Mass air flow principle:

Kan mita riz

Problem pga e ritt flsde (se fig)
Speed density principle:

Utnyttja 1,1 och mét pim, N
samt Tip,

pin Va N
R T

Ti1ac(N, Pims Tim) = Dot (N, Pim)

Viktiga praktiska aspekter:
Svarstid i trycksensor, filtrering,
prediktering.

Grundinsprutning & Framkopplingsloopen i A-regulatorn

Mass air flow principle (CFI): Speed density principle (PFI):
Kan mita e Anvind 7o och mit pim, N,
Tim
e
Men = TATF) A pinVaN 1

gen = ol (N, Pm)m'm

L e A

Catalyst

Intake Exhaust

Innehéllsférteckning

Branslereglering
Brinslefilmskompensering



Kompensering for branslefilm och injektor

Samband mellan aktuator och sensorer samt sensorer inbordes.
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A-reglering — Projektet

> Fram- och aterkoppling i samverkan

» D insp! motor: ingen

Framkoppling — Branslefilm och injektor

Grundprincip — Systeminvertering (statisk, dynamisk)

Control System ! Engine
; njector Fuel Film
Characteristic Dynamics

System inverse

Om branslefilmen 3r ett LTl-system, s3 kan Hyp(s) anvandas

e e L X
@ TP e = (1= X) = |
{mk = (1= Xy + L, o= |- X0+ 2 e
3 -T2

Hip(s)

om X och T, beror pa arbetspunkten = anvind observatér

Luft/bransle regleringsloop — Aterkoppling + framkoppling

Viktigaste reglerlooparna for bensinmotorer. Den dversta 3r
lambda-regulatorn och den nedersta ar tandningsregulatorn.
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Innehallsforteckning Emissioner

C,H,,+(a+§)(oz+3.773N;) —a coz+§ H,0+3.773 (”Zb) A
Emissioner
Lagstiftning och Testcykler > Vatten, koldioxid och kvave raknas inte som emissioner.
> Minskning av koldioxidutslipp kriver

> minskad bransleforbrukning
> byter bréinsle t.ex. mot metan CHy eller biobranslen
> samlar in avgaser.

> Bildas dven NO, NO,, CO, och oférbrinda kolviten HC.
NO, samlingsnamn p3 NO, NOs, ...

25762 26762

Emissioner — Lagstiftning US federal test procedure FTP 75 (Tre faser)

Komb. m. SHED (Sealed Housing for Evaporative Determiantion).

v

Internationellt enhetliga procedurer for uppsamling av avgaser
och matningar.

Hel bil i chassi-dynamometer (Jfr Bilprovning)

Olika kércykler i olika lander. Forare haller hastigheten.
CVS-metoden — (Constant Volume Sampling)

Utspédning 1:10

Fordelar: Slipper kondensation av vattenanga, vilket skulle
reducera NO,. Minskar reaktionstendensen i avgaserna.
Nackdel: Svarare métning ty lagre koncentration

vvyvy
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New European Driving Cycle — NEDC (Proj. 1c)
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Framtiden

Spoket som skrammer alla fordonstillverkare just nu...
RDE - Real driving Emissions

Myndigheterna kér en bil ps vg. Enligt vissa procedurer...

/0

/6

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

WLTC Class 3

/62

Engine operation in testing

Map coverage in cycles and in real driving.
o0

e Viors N wre
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Emissionsgranser, bensindriven personbil, USA (g/mile)

year | _CO| HC| WO, | Metods
g/mile | g/mile | g/mile

966 | 870 | 6800 | 360 | Pre control

1970 | 340 | 4.100 | 4.00 | Retarded ignition, thermal reactors, and
exhaust gas recirculation (EGR)

1974 | 280 | 3000 | 3.10 | Same as above

1975 | 150 | 1500 | 3.10 | Oxidizing catalysts

1977 | 150 | 1.500 | 2.00 | Ox.cat. and improved EGR

1980 | 7.0 | 0410 | 2.00 | Improved ox.cat. and three way catalysts

1981 | 70| 0410 | 1.00 | Improved threeway catalyst and support
material

1983 | 34| 0410 | 1.00 | Continuous improvements

1994 | 34| 0250 | 0.40

1996 | 34| 0125 | 040

2001 | 34| 0075 | 020

Emissioner under en europeisk korcykel

0100 200 300 a0 500 600
105

700 800 900
time (5)

Enkel medelvirdesmodell: Light-off tid.

/6

Katalysator effektivitet och temperatur

in
§ o
£
B e
Vid start T~ 20° C. = Gaserna efterbehandlas inte.

Hur ser man om katalysatorn funkar eller inte?

A-sensorer fore och efter.

atayst-on

catayst-0n

—

fa—

FE—
Tine 5]

Till projektet gor kallstart och mat Light-off tid
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Innehéllsférteckning

Mer om lambda regulatorn
Feedforward Control — More Details
Model Based Control

Dubbel sensor A-reglerin — Katalysator reglering

Tva sensorer kravs for katalysator diagnos.
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Exhaust
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Mer om reglerlooparna — Aterkoppling

Viktigaste reglerlooparna for bensinmotorer. Den éversta 3
lambda-regulatorn och den nedersta

ar tandningsregulatorn.

btk e

Engine B e

J

Kook
desction & conrl

Catalysatorn anvander och lagrar Syre — Buffert Reglering

Emissions renande reaktioner.  Syrelagrande reaktioner

€O+ Hy0 —+ CO + Hy
2Hy + 0, = 2H,0
2C0 + 0, =+ 2C0,
C3Hy + 505 — 3C0, + 4H,0
NO; =+ N + 20,
2C0 +2NO — Ny +2C0,

0,

4Ce0; > 2Ce03 + 02
2PdO > 2Pd + 0,

0

l NO,

HC co

/e



Syrelaring i Katalysatorn. Dual Sensor Control

» Dual sensor control, 2 options.
> Pre- and post-katalysator sensorer. > Discrete before, discrete after
> Vanster — Katalysator kall (ingen funktion) » Continuous before, discrete after.
> Why not continuous after?

> Aging of the sensor

» Offset, electrical disturbances
> Temperature dependence

> Stringent requirements on A =

> Hoger - Katalysator varm (fungerar).

Gaalst - Gaiysi-on

H o Discrete switch point = Precise measurement of A = 1
i o —
o
RS IE R :
Tivels Tinete i
Notera att spanningen ut fran sensorn efter katalysatorn ar .
> 0.6V, potential for justering

Control methodologies Delayed switching — Example

When relay sensor switches, hold the control output.
> Cascade control, method depends on sensor configuration
> Disc-Disc:
~Delayed switching in the inner loop <
> Cont-Disc.
~Changing the offset R R
~Level control et

6 70 8 %0 100

» Model based control:
—~Control oriented models for catalysts difficult, active research =
field

9 w5 9
time [s]

/e /e



Feedforward control

Challenges:

» Timing requirement
~Timing diagram
~Timing requirement
—Prediction requirement

v

Signal processing

~Filtering requirements, alias, pumping noise.
~Phase lag.

Ad-hoc methods

Model based methods

~Observer

—Prediction (simulation)

vy

Filtering requirement

Filtering adds a time lag

et Measured ntake Maniold Pressure
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Timing diagram — Requirement

Cakulsion  m—
nccion ==

Exhast ke

oo s 0 0 50 20 0 0 100

400 300
Crank Anglo [oeg]

> Timing is crucial — No time delay
> Prediction is necessary

Model based A-control

Viktigaste reglerlooparna for bensinmotorer. Den dversta 4r
lambda-regulatorn och den nedersta ar tandningsregulatorn.

s o

Engine Engin vorque

=]

Kook
detection & cotrol
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Model based control

Use the model for an observer that:
o estimates the states
o predicts the system behavior

System:
= f(x,u)
= g(x.u)

—_—
< x
|

Observer: .
{x = f(xu)+K(y—9)
y = gku)

Model based control — Prediction

General idea
> Start with state pim, M.
» Simulate the system over the prediction horizon,
using guessed future inputs
—Actuator constant
~Can add actuator model
» Use new state and outputs from the model for the controller

s1/6

Model based control — An example

Model

A

o

Xei ~ Ly,

= A Qula)v(%2)

b
L
TR

= (s~ )+ Kia(ine = ) + Kiopim

= Xy

= B Qula)¥(L)

g + Ko (1

ar) + Koo (pim

Model based control — Control action

Use the observer/predictor output to:
—calculate the desired fuel mass flow

mie =

Mac

G

—invert the fuel film dynamics and

PO
= Tx (e —

—invert injector characteristic

tinj =

lm
—mip,
Tip

m,

N

5
T+t
o toluser)

BT (riae(ct.Pas Pim: Ta) = tac(N. pim, Tim)) ~ States

Measured outputs

Non-measured outputs

Bim)
Pim)
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Model based control — Result

53762

Innehallsforteckning

Other Control Loops
Strategy Map
EGR Control
Purge control

ss/62

Model based control — This example

The model is used to calculate the feedforward control action

Control strategies

Engins Toaue )

Feodback

Engine Map

s /62

o0 w0 7

T
Enginespesd [RPH)
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Regler strategier

Moderna borvirden for motorer idag med TWC.

EGR control (Exhaust Gas Recirculation)
Why: Reduce NO,
Better part load pj-increases.
Lower the knock tendencies at high load (cooled EGR).

What: Dilute unburned gases with burned

How: Open a valve between intake and exhaust.
Shut of at idle and full load.

Challenges:  Consequences for the A-controller.
How can the amount of EGR be determined?
There is an upper limit on the dilution level.
There are not yet sufficiently good models.
Soot and particles clogs the pipes.

Open loop, calibration. « Feedback control.

s0/62

Other systems

Other systems influence the air fuel ratio calculations

Fuel tank

Purge control

Why: Evaporative HC emissions

What: Empties carbon canister of

fuel. i
How: Opens the valve into the
intake system

Challenges: Maintain A = 1 and
driveability at valve opening.

1% volymfléde med HC = ~20%
i\ |
—~Binary control valve (difficult).
—~Continuous valve (easier).

Shut off at idle and full load.

o0 /62



More Controllers

o162

Repetition
MVEM
Reglering — Reglermsl
(A/F) reglering
Lambda reglering
Brinslereglering
Branslefilmskompensering
Emissioner
Lagstiftning och Testcykler
Mer om lambda regulatorn
Feedforward Control ~ More Details
Model Based Control

Other Control Loops
Strategy Map
EGR Control
Purge control
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