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Innehallsforteckning

© Repetition
@ Modellvalidering
@ Termodynamik
@ Reglering — Reglermal

2/67



Luft och bransle — Arbete och emissioner

Medelvardesmodellering
Samband mellan aktuator och sensorer samt sensorer inbordes.
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Modellsammanfattning 1(3)

Gaspedalstolkning och trottelposition

Qref = Upedal dar Upedal S [07 1]

a = Hu(S) arer
Luftflode in i insugsroret

mat(aa Pambs Tamb, n) = \/?7;% : Ath(a) : Cth(a) ) W(n)

Luftflode in i cylindern

. Pim Va neyr N
mac(Na Pim, T; ) = 77voI(Na pim) %

m i
Tryckuppbyggnad i insugsroret

dpim _ RTim dmim _ RTim (m —m )
dt Vim dt V, at ac
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Modellsammanfattning 2(3)

Flode genom katalysator och avgassystemet (inkompressibel turbulent)

. | Pem AP
Meat = G3 %’ Ap = Pem — Pamb
em

rhcyl = Mac + Mfe

Gasflode fran motorn

Tryckuppbyggnad i avgasroret

dPem _ R Tem dmem _ R Tem (m o )
dt Vem  dt Voy © ol et

Avgastemperatur Tep

—Titta pa ekvationerna och fundera pa alla variabler ni ser, vad ar de for typ?
—Hur skall man fa varden pé alla variabler. Signaler/parametrar/konstanter?
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Modellsammanfattning 3(3)

Bransleinjektor - Port inspr.

mfl = C]_ N(tlnj - tO(ubatt))
Branslefilm
d
mfp = mel - -,—1f mfp
My —-(1‘_'X)n”)+_;;’n¢

Bransleinjektor - Direkt inspr.

Mg = G N (tinj — to(Upate))

A till motor

mac

= A/F
A= 22 /(A F).
Gasblandning & Transportfordrojning
d
Pen(®) = — (At = (W)~ Aw(©)
Sensordynamik
d 1
—As(t) = —(Aexn(t) — As(t
(0 = —(hon(®) = ()
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— Modellvalidering

Intake system — model validation
150 T T

o [%]

mass flow [g/s]

0 10 20 30 40 50 60
Time [s]
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Modellering och berakningar av modellparametrar

Matningar pa turbomotor i motorlabbet. Motorn som modelleras i Projekt 1.
Py ini Rem A K P iy Ogn P A A
e Pof Roes,thr A"“ | ‘ Abey

A | e I
L G

Ambient | & g ol " Ambient

= Catalyst

Y LS i 7 [

T T | Cylinder | Vo Intake Exhaust

laf bef,thr ; \v " PWMWg es em

d
B et
Intake T Tem Exhaust @ —_
O\
lload = 1

Virtuell Motor - Tank komponentmodellering

—Vilka matningar behovs for att modellera komponenten?
—Hur ar komponenten inkoppad vid matningen? (katalysator pin = pes)
—Hur kopplas komponenten in i motorn? (katalysator pin = pem)




Luft och bransle — Arbete och emissioner

Nasta steg — Hoppa in i cylindern och rakna oss runt cykeln — Termodynamik
Siktet installt pa en fysikaliskt baserad momentmodell.
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Repetition Termodynamik

Viktigaste ekvationen + ideal gas

Isentropisk betyder

@ Ingen varmeoverforing dg = 0 pv7 = konstant,

@ Reversibel process dw = p dv 4=1
) 5

T (Vl)w_l T, (Pz
Ty V2 Ty P1

Frigjord energi fran branslet

Qin = min(X, 1) - m¢ - qLHy

Isokor process (konstant volym) Isobar process (konstant tryck)
@ Konstant volym dvV =0 @ Konstant tryck dp=20
@ Integrera 1:a huvudsatsen @ Entalpidefinitionen + 1:a huvudsatsen
Qin T3 Qin T3
dQ Miot Cv dT = an = Mot Cv (T3_ T2) dQ Mtot Cp dT = an = Myot Cp (T3 T2)
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Cykelrakning — p; och T; givna

Termodynamiken ger systematisk metod for att rakna runt cykeln
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Cykeleffektiviteter — huvudresultaten fran cykelrakningar

Ottocykel konstant-volymsforbranning

nei=1-—

Dieselcykel eller cykel med konstant-trycksforbranning

_q 1 p7r-1
R R V!
Seiligercykel eller cykel med begransat-tryck
1 af’ —1

_1_
18, A laB-1)y+a—1

C
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En Momentmodell som har en Struktur fran Fysiken

Relation mellan arbete och moment
w

n2m

W:%MC(H)dO:M2n,7r > M=

Trekomponentsmodellen for momentet

VVig - Wpump - Wfric

M =
n2m

Indikerat bruttoarbete, Wig

. 1
Wig = ms qLay min(1, \) PR Nig,ch Nign
—,

(=

Pumparbete, Woump
Wpump = Vd (pem - pim)
Friktionsarbete, W/

Wiic = Vg FMEP(N)

Peyl

Engine Auxiliaries
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Emissioner fore och efter katalysatorn

Samband mellan aktuator och sensorer samt sensorer inbordes.
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Trevagskatalysatorn och lambdafonsteret

streckad - fore katalysatorn heldragen - efter katalysatorn

A A
8 L 4
N Lambda window

CO volume in %
S
1
T
n
NOx and HC in %

Avgasrening med trevagskatalysator - kraver reglering - ger reglermdl A =1

Regulatorn behover bade framkoppling och dterkoppling.
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Motorreglering Tre Regulatorer

Viktigaste reglerlooparna for bensinmotorer. Den Oversta ar lambda-regulatorn (utslapp),
mellersta styr momentet (kdrbarhet) och den nedersta ar tandningsregulatorn (effektivitet).

Lambda
feedback control

| |
I I
Open loop & | Iniecto |
o —= feedforward ! nector 4| .
g 9 3 fuel manager | hardware sensor |
a9y © ! !
ss 2 | i
gz = ! !
o9 @ . 1 H Engine torque |

-l Air ! Throttl _ Engine g q L

wg B manager ] rottle ]
o = Qo I i
£g ¢ i !
s2 & — | |
i ® ° Ignition I Ignition Knock- !
— timing T — — T
manager I hardware sensor I
I
I

Knock
detection & control
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Pl reglering av A

Framkopplingen (nodvandig) berdknar ett nominellt bransleflode (anvander fyllnadsgraden)
Mien = . ..
Aterkoppingen justerar gissningen med en multiplikation

M, d = Mic,n Fie = Mecn (1 + Afc)

Multiplikationen centreras runt 1.

Fe = (1 + Afc) with A = K| / e\dt

Relay Controller \I/ Micn Cylinder Transport EGO
ch

+ € )\c )\bc
Uret 9@/%% AF I/ Pl=>=X)= ( A/IF)S e 5T 1 T
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Experiment med aterkopplad reglering i motorlabbet

2 L L L L L L L L L -5 I I I I I I I I I
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

time [s] time [s]
Kanner igen huvuddragen fran forra forelasningen.
Tuning av Pl regulatorn kan goras battre.
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Innehallsforteckning

© Fortsittning pa reglering av A
o (A/F) reglering
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Varfor racker det inte med aterkoppling?

Diskret sensor, tidsfordrojning, och harda begransningar pd A stationart begransar
forstarkningen.
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Grundinsprutning & Framkopplingsloopen i A-regulatorn

Mass air flow principle (CFI): Speed density principle (PFI):
Kan mata my; Anvand 7y och mat pim, N, Tin
f (A/F)s )\ f 77VOI s Iim R T,m n,- (A/F)s )\

Abe Aac
Exhaust ‘lj Il*

manifold

Catalyst

filter Cylinder

Intake O Exhaust

Mioag -==-=777"
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Med framkoppling i A-regulatorn

Reglering med framkoppling
(ingen kompensering for branslefilmen)

40
30F
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&
20 : .
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Innehallsforteckning

e Branslereglering
@ Lambda reglering
@ Branslefilmskompensering

23/67



Fokus pa A-reglering — Transienter

Viktigaste reglerlooparna for bensinmotorer. Den Oversta ar lambda-regulatorn (utslapp),
mellersta styr momentet (kdrbarhet) och den nedersta ar tandningsregulatorn (effektivitet).

Lambda
feedback control

| |
I I
Open loop & | Iniecto |
o —= feedforward ! nector 4| .
g 9 3 fuel manager | hardware sensor |
a9y © ! !
ss 2 | i
gz = ! !
o9 @ . 1 H Engine torque |

-l Air ! Throttl _ Engine g q L

wg B manager ] rottle ]
o = Qo I i
£g ¢ i !
s2 & — | |
i ® ° Ignition I Ignition Knock- !
— timing T — — T
manager I hardware sensor I
I
I

Knock
detection & control
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Kompensering for branslefilm och injektor

Samband mellan aktuator och sensorer samt sensorer inbordes.
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Framkoppling — Branslefilm och injektor

Grundprincip — Systeminvertering (statisk, dynamisk)

Control System | Engine

|
|
System inverse \ Injector Fuel Film

Y : Characteristic Dynamics

Mic.d — mia[ . tnj ' tin ms; g,
B b0 R M ) P o ) [ ) [

Om branslefilmen ar ett LTI-system, sd kan Hg,(s) anvandas

dmfp — Xm _ im X
ms . = (1—X)mﬁ—|—7_—fpmfp STfp+1

Hro(s)

om X och 7¢, beror pa arbetspunkten = anvand observator
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A-reglering — Projektet

ch

1 Engine X A
Sensors Micn  Micd Evap T : Inect L Vixine & | ¢
= e S vap njector . ixing ) |
A Feedforward X Inj 1 ﬁl> Evap —= Cylinder transport —= \-sens : As
! tinj My I
I
I

Feedback

I Air path m,.

@ Fram- och aterkoppling i samverkan

@ Direktinsprutad motor: ingen branslepdlsdynamik
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/bransle regleringsloop — Aterkoppling + framkoppling

Viktigaste reglerlooparna for bensinmotorer. Den Oversta ar lambda-regulatorn (utslapp),
mellersta styr momentet (kdrbarhet) och den nedersta ar tandningsregulatorn (effektivitet).

Lambda
feedback control

| |
I I
Open loop & | Iniecto |
o —= feedforward ! nector 4| .
g 9 3 fuel manager | hardware sensor |
a9y © ! !
ss 2 | i
gz = ! !
o9 @ . 1 H Engine torque |

-l Air ! Throttl _ Engine g q L

wg B manager ] rottle ]
o = Qo I i
£g ¢ i !
s2 & — | |
i ® ° Ignition I Ignition Knock- !
— timing T — — T
manager I hardware sensor I
I
I

Knock
detection & control
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Innehallsforteckning

@ Emissioner
@ Lagstiftning och Testcykler
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Emissioner

CaHb + (a + 2)(02 + 3.773N2) — a C02 + g HQO + 3.773 (a + g) N2

@ Vatten, koldioxid och kvave raknas inte som emissioner.

@ Minskning av koldioxidutslapp kraver
e minskad bransleforbrukning
e byter bransle t.ex. mot metan CH, eller biobranslen
e samlar in avgaser..
@ Bildas aven NO, NO,, CO, och oforbranda kolvaten HC.
NOy samlingsnamn pd NO, NO;, ...
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Emissioner — Lagstiftning

Internationellt enhetliga procedurer for uppsamling av avgaser och matningar.

Hel bil i chassi-dynamometer (Jfr Bilprovning)

Olika korcykler i olika lander. Forare haller hastigheten.

CVS-metoden — (Constant Volume Sampling)

Utspadning 1:10

Fordelar: Slipper kondensation av vattendnga, vilket skulle reducera NO,. Minskar

reaktionstendensen i avgaserna.
Nackdel: Svarare matning ty lagre koncentration
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US federal test procedure FTP 75 (Tre faser)

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

USA Test Cycle (Federsl Test Procedure, FTP 75)
Cycle distance: 11,115 miles Average speed: 34.1 kméh
Cycle duration: 1877 ¢+ 800 § pause Maxirmum speed: 1.2 km'h
0-505s [ 505-1372s 10 min break | 1972 - 2477 s
= ¢old phase (ct) = slabilized phase (s) (engine off)y | = hot phase (ht)
mph | kmih f ! !

60*30
40 | 5
204
0 T
800 1000 1200 1400 2000 2200 2400s

0 200 400 600

Test layout for USA Federal Test (venturi system shown here)
1 Chassis dynamometer, 2 inertial mass, 3 Exhaust gas, 4 Air filler, 5 Fresh (dilution) air, 6 Sampling
venturl, 7 Gas temperature, 8 Prassure, @ Venturi, 10 Blower, 11 Sample bags, 12 System outlet,
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New European Driving Cycle — NEDC (Proj. 1c)

140
120

Velocity [km/h]

Gear number [-]
O - I\) 0) -b (4]

100

m@ﬂﬁﬂ&ﬂﬁ

N A ®
o o o o

0

0

1000

1200

ﬂﬂﬂmﬂﬂmﬂ

ﬁﬂﬁ

600
Time [s]

1 000

1200
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Worldwide Harmonized Light Vehicles Test Cycle (WLTC)



Emissionsgranser, bensindriven personbil, USA (g/mile)

year CcO HC NO, | Metods
g/mile | g/mile | g/mile
1966 87.0 | 8.800 3.60 | Pre control
1970 34.0 | 4.100 4.00 | Retarded ignition, thermal reactors, and exhaust gas re-
circulation (EGR)
1974 28.0 | 3.000 3.10 | Same as above
1975 15.0 | 1.500 3.10 | Oxidizing catalysts
1977 15.0 | 1.500 2.00 | Ox.cat. and improved EGR
1980 7.0 | 0.410 2.00 | Improved ox.cat. and three way catalysts
1981 7.0 0.410 1.00 | Improved threeway catalyst and support material
1983 3.4 | 0410 1.00 | Continuous improvements
1994 34 | 0.250 0.40
1996 34| 0125 0.40
2001 34| 0.075 0.20
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Katalysator effektivitet och temperatur

100 - ~" Key

90 :lr |: - HC.
_ 1 II e CO -
c g 'I |I /’
8 ] 1
- 1 H / -
§ 70 :I II // 'l'

1 4

e i I
5 o i I /
% 1 I !/
5 ® Promoted =I Pt catalyst I: / ,' Base metal catalyst
2 Pt catalyst g Il I ’
2 30 I' I. I 4
S i i

0 ] P

10 ? ’ ’I" 1’ Y )

100 150 200 350 300 350
Temperature (°C)
Vid start T~ 20° C. = Gaserna efterbehandlas inte.
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Emissioner under en europeisk korcykel

22 4 cumulative emissions (g)

20 R 10 X HC
18 A P
16 ~ / co
14 A
12 4 JPPEEE
BT 10 XNO,,
10 A ’_—-"‘-
84 1§ "
6 - speed
: ﬂ /-\ ﬂ /—\
2 -
0 - ﬁ T |
0 1 100 2 300 4 800 900
40's time (s)

Enkel medelvardesmodell: Light-off tid.
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Hur ser man om katalysatorn funkar eller inte?

A-sensorer fore och efter.

A—sensor [V]

Till projektet gor kallstart och mat Light-off tid.

0.8

0.6

0.4

0.2

Catalyst — Off

0.5

Time [s]

A—-sensor [V]

Catalyst — On
1
—_
0.8 - ==X
ac
0.6
0.4
0.2
0 L L L
0 0.5 1 1.5
Time [s]
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En utmaning for alla fordonsutvecklare...

RD E — Real Driving Emissions

Myndigheterna kor en bil pd vag. Enligt vissa procedurer...
Aggressiv korning, backar, hoga hojder, laga temperaturer, . ..

—Vad skall man utveckla mot for att klara detta?
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Engine operation in testing and real driving

Map coverage in cycles and in real driving.

Engine Speed (rpm)

Engine

Engine Full Load

Speed (rpm)

Real World NEDC
.’/
300
200
100} RN
B li .:ﬂ\i “ .
0 T - 0 . 0 .
1000 2000 3000 1000 2000 3000 1000 2000

Engine Speed (rpm)

ngirs loogue (Rim)

200 300 4000 S000
RPM {rpm}

300¢
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Innehallsforteckning

© Mer om lambda regulatorn
@ Feedforward Control — More Details
@ Model Based Control
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Mer om reglerlooparna — Aterkoppling

Viktigaste reglerlooparna for bensinmotorer. Den Oversta ar lambda-regulatorn (utslapp),
mellersta styr momentet (kdrbarhet) och den nedersta ar tandningsregulatorn (effektivitet).

Lambda
feedback control

| |
I I
Open loop & | Iniecto |
o —= feedforward ! nector 4| .
g 9 3 fuel manager | hardware sensor |
a9y © ! !
ss 2 | i
gz = ! !
o9 @ . 1 H Engine torque |

-l Air ! Throttl _ Engine g q L

wg B manager ] rottle ]
o = Qo I i
£g ¢ i !
s2 & — | |
i ® ° Ignition I Ignition Knock- !
— timing T — — T
manager I hardware sensor I
I
I

Knock
detection & control
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Dubbel sensor \-reglerin — Katalysator reglering

Tva sensorer kravs for katalysator diagnos.

Myt Qep Pim mg; gr'gn Abe Aac

Intake
manifold

Exhaust
manifold

Air
filter

) Catalyst
Cylinder

Intake O Exhaust
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Catalysatorn anvander och lagrar Syre — Buffert Reglering

Emissions renande reaktioner. Syrelagrande reaktioner.
CO+ H,O — CO> + H> 4Ce0y <+ 2Cer03 + Oy
2H> + O — 2H,0 2Pd0O «+ 2Pd + O,

2CO 4+ Oy — 2C0O,
C3Hg +50, — 3C0O, + 4H,0
NOy; — No + 20,
2CO +2NO — Ny +2COs

02 02

0;

HC co
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Syrelaring i Katalysatorn.

@ Pre- and post-katalysator sensorer.
e Vanster — Katalysator kall (ingen funktion).
@ Hoger — Katalysator varm (fungerar).

Catalyst — Off Catalyst — On
1 1
N —_—
0.8 ﬁ 0.8 - — A
I ! [ ac
; 1 1 1 1 ; = G o G Bl bl I b bd
= 06] B | = 0.6
o o
2 [ ]! I 2
$ 0.4f ! ! ! $ 0.4
| 1 |
< 1 1 1 <
0.2 ! W ! 0.2
. ] .
.,l I vl A
0 : : : 0 : : :
0 0.5 1 15 2 0 0.5 1 1.5 2
Time [s] Time [s]

Notera att spanningen ut frdn sensorn efter katalysatorn ar > 0.6V, potential for justering. w567



Reglering med Tva Sensorer

T = 80K

- N 1000k

09| - o \ — 1200k
08| 0

@ Dubbla sensorer, 2 mojligheter.

o Diskret fore, diskret efter.
e Kontinuerlig fore, discret efter.

@ Varfor inte kontinuerlig efter?

Aldring av sensorn B
Offset, electriska storningar “ e
Temperatur beroende

Stringenta krav pa A =1
Diskret vaxlingspunkt = Tus
Precis matning av A =1

46 /67



Control methodologies

@ Cascade control, method depends on sensor configuration
o Disc-Disc:
—Delayed switching in the inner loop
e Cont-Disc:
—Changing the offset
—Level control

@ Model based control:
—Control oriented models for catalysts difficult, active research field
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Delayed switching — Example

When relay sensor switches, hold the control output.

1.02 T T T T
- =y ---- A-reference
< A | —— A -average [
I
098 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
time [s]
1.05 = — — — 1.05— -
S ty! S o . //} — )~ average
S S N S T A < apa L Lot hoenoie )
N i N O S -tgi W .
N X \J N Nagal ol R N
0.95 0.95
42 425 43 435 44 92 925 93 93.5 94
time [s] time [s]
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Feedforward control

Challenges:

@ Timing requirement
—Timing diagram
—Timing requirement
—Prediction requirement

@ Signal processing
—Filtering requirements, alias, pumping noise.
—Phase lag.

@ Ad-hoc methods

@ Model based methods
—Observer
—Prediction (simulation)
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Timing diagram — Requirement

Predition horizon

Calculation I:I
Injection - ==

25 T
= 20 Air mass -
= determined
g 15 Exhaust
7]
g 10 PN
o
5 [
0 | |
-900 -800 -700 -600 -500 -400 -300 -200 -100 0 100

Crank Angle [deg]

@ Timing is crucial — No time delay
@ Prediction is necessary
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Filtering requirement

Filtering adds a time lag

4 Measured Intake Manifold Pressure
11 x 10
I | | | |
—— Measured 5 5 ' . N
104 - - Meanvalue | ..o S IB..p,..k%.d{.‘.".\l. 'f\ﬁc" '5\ fﬁj—”‘ 4\;
o = Filtered : § ;\,/' L “fJ
B Qe S M;“}”’ ...................................................
© : ¢ F|Itered signal Iags the
7 8---5%. Dewatlons fTom e e R A : ...,“..‘.’”)-.f ............. .mean.values;gmflcanﬂy....... |
» | 1 - 5 N
o mean value | |n : ;l,"«{‘ and the filter introduces a
& 7 measured sighgl 4,&6—1{7}”% ----------------- friore than 5% error during
\ |\ f' d B
6l @4{; fﬂj{w&&ﬂﬂh@ﬂwhﬁf ______ el I the transients! © |
1 1 1
4.2 4.3 4.4 4.5 4.6 47 4.8
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Model based A\-control

Viktigaste reglerlooparna for bensinmotorer. Den Oversta ar lambda-regulatorn (utslapp),
mellersta styr momentet (kdrbarhet) och den nedersta ar tandningsregulatorn (effektivitet).

Lambda
feedback control

| |
I I
Open loop & | Iniecto |
o —= feedforward ! nector 4| .
g 9 3 fuel manager | hardware sensor |
a9y © ! !
ss 2 | i
gz = ! !
o9 @ . 1 H Engine torque |

-l Air ! Throttl _ Engine g q L

wg B manager ] rottle ]
o = Qo I i
£g ¢ i !
s2 & — | |
i ® ° Ignition I Ignition Knock- !
— timing T — — T
manager I hardware sensor I
I
I

Knock
detection & control
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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)
y = g(xu)
Observer: )
{f( = f(xu)+K(y—-y)
j\l = g(j\(vu)
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Model based control — An example

Model:

dpi R‘T .

T;: = (mat(a Pa; Pim; Ta) - mac(N’ Pim, Tlm)) States

dmfp _

at )<’"ﬁ - ?;’"&>

y — p. Pim

My = \/TLEQM(Q)\V(E) Measured outputs

Pim = Pim

Mac = nvo/(N,p;m)WiRpﬁn Non-measured outputs

3 1

Mepc = TTpmfp

bserver:
O dp; _ RTr(fn 5 Ki1(Mar — 1y K B

dt - V, at — mac)+ ll(mat mat)+ 12(P:m P:m)
dm 2 ~
;ntfp = Xms— mfp + KQl(mat mat) + K22(Pim - Pim)
’%at = ﬁ@th(a)w(%}")
éim = ﬁlm N
’27.2:: = nvoI(N P:m)ﬁ
fnfp,c = ,.%mep
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Model based control — Prediction

General idea
o Start with state Py, Myp.

@ 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
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Model based control — Control action

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

~

r’;, _ Mac
“T (A7)
—invert the fuel film dynamics and
e = (s — — ) = ——— (P — )
fl_l_X fc ™ fp) — 1— X fc fp,c
—invert injector characteristic _
m;

tinj = + to(Upatt)

NC1
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Modellbaserad reglering — Detta exempel som blockschema

Flera modeller anvands for att berakna framkopplingens utsignal och kombineras med
aterkoppling for att garantera A = 1.

N —~ ob Feed- Feedback
T, —> server forward (PI-contr.)
mg
Fuel
D . A-sensor
ynamics
Pim

O+n Mat | Intake Engine and A

Throttle Manifold Combustion
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Modellbaserad reglering — Resultat

Measured Intake Manifold Pressure

T

! NS MMMM,,
il e N i
T 70l I
9‘__‘ 70 m
[
2 6o e 1
2 /}J,’ < Transient
S 50| s J
o ’ i
400 i .
A ‘ ‘ ‘ ‘ ‘ ,

2 22 24 26 28 3 3.2 3.4 3.6 3.8 4

Measured Air-fuel Ratio

1051 A ‘ " [~ - -Speed densiy (fitered p, )|
1.0 Y - - - Speed density
i ' - - Observer, no prediction
1151 " o~ \\‘ —— Observer and prediction ||
— ’ A
< 1 ,'::” N \\\ \— Large lean transient with conventional method. 1
1.051 2 k \ f-—\‘l,ean transient without prediction! .

1 L | L L
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Innehallsforteckning

@ Other Control Loops
o Strategy Map
e EGR Control
@ Purge control 59/ 67



Finns andra saker som regleras ocksa: IVO, EVO, EGR.

Viktigaste reglerlooparna for bensinmotorer. Den Oversta ar lambda-regulatorn (utslapp),
mellersta styr momentet (kdrbarhet) och den nedersta ar tandningsregulatorn (effektivitet).

Lambda
feedback control

| |
I I
Open loop & | Iniecto |
o —= feedforward ! nector 4| .
g 9 3 fuel manager | hardware sensor |
a9y © ! !
ss 2 | i
gz = ! !
o9 @ . 1 H Engine torque |

-l Air ! Throttl _ Engine g q L

wg B manager ] rottle ]
o = Qo I i
£g ¢ i !
s2 & — | |
i ® ° Ignition I Ignition Knock- !
— timing T — — T
manager I hardware sensor I
I
I

Knock
detection & control
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Reglerstrategier — Motorkartan

Engine Torque [Nm]

Engine Map
200 e )
\ A <il
150) /
o
" S
A=1 _— —
\ )
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100) — :
_— 2
_— -
— o)
%
jX
50 g
>
(@)
v
. — o=
N e Loy N 50|
f=4
0 i
Engine Overruni— Fuel Cut
|
e e
T
=
0 1000 2000 3000 4000 5000 6000 7000

Engine speed [RPM]
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Reglerstrategier — Lambda och Tandning

Moderna borvarden for motorer idag med TWC.

A Map

Spark Advance Map
10
5
0
1 —~
g s
0.95 5
410
0.9 )
§
2085 3 -15
= :
0.8 g -20
@
0.75 -25
0
0.7
o -30
35 |
400
3000
200
W00 ea - 2000 4000 5000
i ngine Spee
Engine Torque [Nm] 400 5000

2000
1000
Engine Torque [Nm] 0 o S

Utslapp och bransleekonomi ar grunden i Idglast och |dga varvtal.
Motorskydd tar vid vid hoga varvtal och hoga laster.

62 /67



Andra System

Andra system paverkar luft-bransle-forhallandet

— EGR
EMS valve
U .|.
Pec Purge
valve
O
y Throttle
Carbon pCV Ja}
canister fice O
— orifice
Fuel tank
— Diagnostic
valve
Fuel vapor
P ’Alr
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EGR reglering (Exhaust Gas Recirculation)

Why:

What:

How:

Challenges:

Reduce NO.
Better part load pjpn,-increases.
Lower the knock tendencies at high load (cooled EGR).

Dilute unburned gases with burned.

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

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. 6467



Purge control

aporati trol system
1 Intake a}!,‘2 Throtile vaive, 3 Intake manifold (to engine), 4 Canister-purge vaive,
5 From engine-management ECU, 6 Carbon canister, 7 Ambient air, 8 Fuel vapors in tank.

Why: Evaporative HC emissions.

What: Empties carbon canister of fuel.

How: Opens the valve into the intake system.
Challenges: Maintain A = 1 and driveability at
valve opening.

1% volymflode med HC = ~20% i A.

—Binary control valve (difficult).

—Continuous valve (easier).

Shut off at idle and full load.
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Annu fler regulatorer

\’!'J Wz TCM § CCM § DDM § CEM

$ o
=y
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@ Repetition
@ Modellvalidering
@ Termodynamik
@ Reglering — Reglermal
© Fortsittning pa reglering av A
o (A/F) reglering
© Brinslereglering
@ Lambda reglering
@ Branslefilmskompensering
@ Emissioner
o Lagstiftning och Testcykler
© Mer om lambda regulatorn
@ Feedforward Control — More Details
@ Model Based Control
@ Other Control Loops
@ Strategy Map
e EGR Control

@ Purge control
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