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Introduction 6[2(3

» The main challenge of modern vehicle development is to
meet the emission requlations, while keeping customer’s
satisfaction (fuel economy, torque, noise,...), and
reducing development costs.

» These three constraints leads to a complex equation to
be solved by the engineers:

Success = f [ min {Emissions}, max {Satisfaction }, min { Costs}]
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Introduction 6[2?

2 Need to propose new products (vehicles) more
and more often with competitive prices

@ Passenger cars: EUROS5, EUROG, ...
» Heavy Duty: Tier3, Interim Tier4, Tier4, ...

@ Consumers are more and more exigent:
Performances / Consumption / Drivability / Noise

2008, May 6™ — Technology Forum - How a combustion analysis system can support ECU calibration 4



Calibration targets A;(i‘

» These three inputs defines the calibration targets

Performances (Power & Torque)
Consumption (Fuel injection guantity)
Pollution (Emission regulation target)
Noise (Acoustic)

Reliability (Durability & robustness)
Drivability (Vibrations, brio)

Altitude & Cold conditions (Cold start
and altitude)

Calibration

targets

L L e L ¢ e G
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New technologies 6[2?

» To achieve these goals, engineers need to introduce more and
more new technologies applied to thermal engine

Calibration Technologies » Common-ralil,
targets Improvement / o EGR
*» DPF,
* VT
» NOx Trap,

» Camless?
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Calibration parameters A;;‘

» This ends up with more and more freedom degrees in engine
tuning

Many ECU
parameters

Ralil pressure
Injection quantities
Injection phasing
EGR rate

Boost pressure

Calibration
targets

Technologies
Improvement

¢ & ¢ & ¢ ¢
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Development cost

»  With strong competitive market rules

--------------------
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*

Many ECU
parameters

» More and more
applications

» Less and less time
» More and more work
» Cost reduction

Calibration
targets

Technologies
Improvement
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Testing 6[2?

» Efficient testing systems are the only way to solve the equation
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Many ECU
parameters

Calibration
targets

Technologies
Improvement

Automatic
Testing

» Need to adapt tools and methodologies
(models, DOE,...)

» Need of automatic testing capabilities
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Measurement indicators A;;‘

» Need of good indicators to achieve calibration targets
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Many ECU
parameters

Calibration
targets

Technologies
Improvement

Automatic
Testing

Measurements
Indicators

» The pertinence and quality of the indicators
are the keys of efficient testing
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Successful Calibration AZ(j

@ |mproved testing capabilities coupled with good indicators can
warranty a successful calibration with all these constraints
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.
*

Many ECU
parameters

Calibration
targets

Technologies
Improvement

Automatic
Testing

Measurements
Indicators

Successful
calibration

» Need of efficient measuring devices to provide good indicators
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Calibration process (1/3) AZ(j

Input elements

» Vehicle definition (inertia, gearbox...)

@ Engine technical specification (Engine, Turbocharger, injection,
EGR, post treatment...)

@ Targets:
» Performances (Power & Torque)
» Consumption (Fuel injection quantity)
Pollution (Emission regulation target)
Noise (Acoustic)
Reliability (Durability & robustness)
Drivability (Vibrations, brio)
» Altitude & Cold conditions (Cold start and altitude)
@ Engine control system: ECU (Hard + soft + calibration).

@ |nitial set of data, obtained most of the time with capitalization on
former engine, or with simulation tools.

]

]

&

&
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Calibration process (2/3) AZ(j

Input elements il
P calibration tasks

» Full load (Maximum performances)

@ Warm emissions zone (Normalized cycles and consumerists
cycles)

@ Warm zone outside of the emission zone (zone not concerned by
cycles and under 90% of full load)

Controllers tuning (Boost pressure, EGR, Knock)

Cold corrections / light off (Emission zone [1 MVEG cycle)
Drivability

Engine cranking

Specific post treatment systems (DPF)

OBD: tuning of diagnosis strategies on vehicle

Monitoring and safety functions

¢ & & & ¢ ¢ @
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Calibration process (2/3) AZ(j

Main
Input elements calibration tasks Output elements

» Deliverable of the activity is the engine calibration for the
vehicle.

» This must permit to fulfill all defined goals in a robust way, that
IS to say, including production dispersion.

» Trace ability and documentation about different steps that led
to the final calibration is also an essential element of the
activity.
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Different testing contexts AZ(j

» All calibration tasks described before are going
through different phases of:

» Steady state engine testing at test bed

@ Transient testing in chassis dyno, and/or high
dynamic test beds

2 Vehicles transient testing
2 Validation on vehicles in customer’s conditions
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Indicating for indicators AZ(j

» A combustion analysis system, so-called indicating system, is
necessary for almost every tasks of the calibration process.

» |t provides necessary information (<) indicators for the
calibration:

*» IMEP, PMAX, DPDA ...
» CA10, CA50, CA90 ...
» KNOCK ...

* NOISE ...

» These Indicating calculations must be available for all
potential clients systems, in all testing contexts:

2 At test cell
2 |n the vehicle
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D2T Combustion analysis system 6[2(3

OSIRIS:

» Recording and monitoring of engine data,
(in-cylinder pressure, injectors needle lift, ignition or
Injection control signals),

» Real time calculations based on measurements
(in-cylinder pressure analysis, combustion analysis,
statistics ...),

» Display of all measured or calculated data

» Monitoring of critical parameters (maximum pressure,
knock,...)

» Data server for all clients systems
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D2T Electronic encoder 6[2(:'

@ FFR-M Version 3
@ Management of multiple singularities targets (3 x 20-2 for instance)
@ Compatible with cold start (start generating pulses on first rev.)
* Improved performances
=> Necessary tool for in-vehicle applications
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A turnkey system

» Six quick steps, and OSIRIS is ready: >

Acquisition Setup g'

Title :

Storage Configuration
tovoes O name fT
4strokes @ MNumber nm g t
Cycle Synchronization I

Rewvolution (@ Referencechanne\.lml . . .,
oo e | [ speseiess Calculations definition  ®r;

TOC Offset Correction: |0
| Use 2 Paints Calibration Angular Encoder Resalution: (1727 -
Number of eycles: (100 J

Defines the configuration title. This title is displayed while the

Engine synchronization (TDC + Angle) i

conen | ]

Channels calibration (Gain + Offset) Rl |

| List of channels El

Select Al Select this Type Charnel Detaiks
ain

Awvailable calculated channels |

& Engine definition i

= S X
=% Poyl2 AVS  1.000 % Multiple pressure rise
§ Volume A 1.000 § volume
= Poyl3 AVS  1.000 % Signal from a cyde file
L Poyle AVS 1000 € Derivation
B3 Time AS 0,00 § Seript (JScript, VBScript, ... )

§ Copy of saurce channel

§ FIR Fiter (ow-pass)
« wge °
& Acquisition Set-up i memcre
© Heat Release
§ Burned Rate
§ Gas Mean Temperature

A

Glabal Caloulations
[JIMEF Gicb. (1.2,3.4]
CIIMEP HP Glab. (1.2.3.4]
E [JIMEP LP Glob. (1,2.3.4]

B Sert Calculations Cancel

Osiriz. exe
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An open system 6[2(3

» Compatible with main encoders suppliers:
* AVL 364, 365 ; KISTLER ; ONOSOKKI ...

» Compatible with all engine targets:
°* 60-2 ;48-2;40-2 ; 3 x 20-1...

* |nterface with main charge amplifiers suppliers:
» KISTLER SCP platform ; AVL MICRO IFEM

* Compatible file format with main post-processing
tools:

* Concerto ; Diadem ; Excel ; Matlab...

* Compatible with main automation system:
*» MORPHEE ; PumaOPen ; Stars ...

» Standard interfaces for calibration:
» Analog outputs, CAN-bus, MCD3
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Easy Interfaces 6[2(:'

» OSIRIS provides all necessary interfaces for a successful
calibration

MORPHEE
Puma

Automation
System

Evaluation
Software

Matlab
Diadem
Concerto
Calmec
Tiger

CAN
BUS

DCOM
TCP/IP

Description
Files

.

ASAM-MCD2

ECU management
ASAM - MCD3 4

Ethernet TCP/IP
ASAM-MCD1

Crank Angle
based
Measurement

CAN

Device 1

CAN
Device 2

CAN
Device ...

Engine
controllers
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Application example

d2¢

» DCOM TCP/IP <Indicated cycle values on transient testing

i
o
o

Vitesse véhicule km/h

Régime tr/min

Iy,

i
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Temps (min)

Acquisition on a ECE / EUDC cycle

e
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DCOM measurement . — vEoss o
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TCP/IP o v

PMI et PME ba
o

EE
=g
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8

PMF bar

FMEP calculation

::> Over the normalized cycle
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Great storage capacity alz(j

» ASCII Storage of ALL cycle by cycle calculation with no limit in time
but disk space.

» Application examples :
@ |IMEP storage on complete NMVEG or FTP 75

@ Ppeak recording on Mountain Peak climbing road (>1H)
w

Real Time Cycle Cycle Calculation storage

sl in recorder file -

Starting me  Calculations .
pea - - - - -
16.20 OSIRIS RECORDER
17 .97
recorder -1.77 Date Time Cycle Poy1l:Ppeak Poyll
C|
alculation Value 2006-10-12 12:56:39,201 1 139.356583
eal 14614 2006-10-12 12:56:39,301 2 140, 238617 16.27
. ‘ 1619 2006-10-12 12:56:39,401 3 139, 760849 16.10
17.90 2006-10-12 12:56:39. 501 4 139.136078 16.11
-1.79 2006-10-12 12:56:39. 601 5 138. 548065 16.35
2006-10-12 12:56:39. 701 & 135. 319839 15.99
Value | 2006-10-12 12:56:39. 801 7 138.180557 16.13
138.73 2006-10-12 12:56:30.001 5 138. 511307 15.55
JISEES 2006-10-12 12:56:40,101 ] 135.650580 16.36
TS0 2006-10-12 12:56:39, 201 10 138. 511307 15.78
Sl 2006-10-12 12:56:39,301 11 138.915573 16.17
TR 2006-10-12 12:56:39.401 1z 139.136078 16.06
e 2006-10-12 12:56:39. 501 13 138.107040 16.22
S 2006-10-12 12:56:39. 601 14 135. 209579 16.05
8+ A
1.77
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Cold start

Provide valuable information to the engineer on the critical phase of
engine cranking in terms of emission

)

Cold start

[during cranking)

’77 g

Acquisition configuration summary:

Acquisition duration;

Encoder resolution: 0.5 C&, DMA buffer : 57 MB

Triggering

™ Manual * Onfirst angle detected

Matium speed: [1500 iom - (mak: 20 000 rpre)

[max: 7 s]

S ampling frequency: 500 «| kHz [min: 180kHz, max 500 kHz)

Acquisiion of 1 analog channsl, 1 time channel and 1 counter channel

Start session

Cancel

125
| — Pyl [bar]
— Peyl2 [bar]
100 Peyl3 [bar] ]
. — Peyl4 [bar]
Cranking|phase
________________________________________________________________ >
75 ,
ASCII File
(Time based) =0
<— n "._ I.r I-' | I' | I' III EE
26 - R - — |
: :' P I ! ! f 1
N P, b I
PN an / * RN EERISTRTRANE
E i, R AT
XODF File I — S
1.25E+06 1.5E+06

(Crank angle based)

2008, May 6™ — Technology Forum - How a combustion analysis s e

Cumul_ Time [us]

24



Heat release

d2¢

@ OSIRIS provides standard thermodynamic calculation for heat release.
It is based on thermodynamic principles applied to the closed system
made by gas mix mass admitted in the cylinder. This calculation is
more or less complex depending on the hypothesis made (Wall losses,

gas and material temperature, ...)

Calculation Options

Sliding Average Level I-2- J points
h J points

Calculus resolution

| ~Heat releass

Polytropic coefficient calculation

O - | : (Constant)
® - [14 | - [718005 |xTo
| AR 2 || Rl el
Intalee gas mass calculation (Mgaz)
-

Intake pressure (P )
Intake temperature {Tadm}
Idezl gas constart r_g.)
Volumetric efficiency {ﬂremp}

Lzed for Bumed Rate only

General I.Therrn.al Losses
Calculation Angular Limits: Fror [-B0 | e 60 ‘TA
[] Fast version (compute at 1°CA resolution)
Fittering Smaathing

Default value : 03625875
az | [ coanca |
s
Value
— annel
———|'v

(O None
@ Method

Parameter

Parameter name : Intake piessure

Tremp * Capacity x Padm

Tadm ™ adm

il?i;fl . @ Mac PV"1.15 [ Force 100% at End of Combustion
searching O Tangent dQ < 0 O Force the start of combustion e
method (O Max of Bumed Rate curve angle | |'CA

Cylinder
pressure

Heat release

Burned
fraction

har

£l D=

=11
c

4
40

a5

Ppeak
~

an

25

20

15
10

0_

B0 W50 40 .30 20 @ 0 10 a0 30 40 30 k0

|" I" Hzat Releaze

JICA

a0
20

=
=
)}
S

2310

3

130

1310

"o

7.0

an
-1

50 |

G050 40 .30 20 0 0 0 Z0 30 40 50 KO

I* I' Bumed Fate

il
a0

an

T

[=11]

an

40

30
20

10

CA50

D_

L T

B0 S0 40 30 .20 0 0 0 20 30 40 50 RO
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Knock tuning 6[2(3

2 OSIRIS proposes two calculation methods of the knock level from a
cylinder pressure trace:

» KNOCK : Energy analysis in the frequency domain

* MAPO : Maximum Amplitude of Pressure Oscillations
» |t provides online tuning of knock thresholds for alarms management
=>» Necessary tool for gasoline or natural gas engine tuning

&5 OSIRIS C: Wrogram Filesd ZTAGsiris\Examples\C liquetis. xosc - (C:Wrogram Files\D 2T\ siris\Examples\C liquatis. xo df BEX]

Statistical distribution of
knock level

«—
Knocking cycles

MMMMM

MMMMM » 3 |evels of thresholds,
function of engine speed,
with associated alarms

uuuuuuuuuuuu

uuuuuuuuuuuu
nnnnnnnnnnnn
nnnnnnnnnnnn

2601 trjmin
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Multiple pressure gradients

@ Multiple pressure gradients < This library detects injection angular
windows (up to 5), using only cylinder pressure and computes for each
window the maximum pressure rise and its location in the cycle.

=» Tuning tool for compromise performances / noise

& Calculations

Pcyld
Calculation Ualue |Mini Maxi Fean St.Dev . Stab.%
dPdAmax comp 777 777 777 777 777 777
dPdAmax comp angle |?%7% 277 277 277 2727 72?7
1-Start angle -16.08 |-17.56 [-15.56 [-15.90 [8.62 |3.93

[Eegineyetesview EEDE DEEE 2 HEH J | [=End angle “8.08 |-9.08 |-8.88 | B.25 |8.34% |h.07

e 1-dPdAmax b1 [4.29 [s.66 [4.52 [0.13 [2.96
1-dPdAmax angle -10.00 |-10.56 [-18.06 [-16.15 [8.23  [2.24
2-Start angle -4.58 |-5.58 [-4.58 |[-4.78 [8.33 |7.0a
2-End angle -8.58 |-1.50 [8.88 [0.65 [8.39 |66.08
2-dPdAmax 0.92 [p.74 [1.84 [8.89 [8.89 [18.34
2-dPdAmax angle -2.58 |-3.58 |-2.88 [-2.55 [8.42 [16.29
3-Start angle 2.58 [2.88 [3.58 [2.7@ [8.48 [14.81
3-End angle 12.58 [12.580 [13.80 [12.98 [8.28 [1.5%
3-dPdAmax 3.40 [3.13 [3.56 [3.43 [8.13 [3.66
3-dPdAmax angle 8.58 [8.58 [9.88 [8.55 [8.15 [1.75
L-Start angle 14.58 [14.580 [15.80 [i4.55 [8.15  [1.e3
L-End angle 21.80 [21.08 [22.80 [21.35 [0.32 [1.50
4-dPdAmax -8.74 |-8.74 |[-8.49 [-0.61 [8.89 [14.83
4-dPdAmax_angle 17.88 [17.88 [17.58 [17.78 [8.24 [1.42
5-Start angle 22.58 [22.58 [23.50 [22.85 [0.32 [1.48
E—End angle 41.60 [46.00 [43.50 (4115 [1.23 [2.98
5-dPdAmax -0.80 |-0.86 |-8.67 |-8.79 [0.85 |6.44
5-dPdAmax angle 41.80 [38.50 [43.80 [48.58 [1.36 [3.36

% w

il -10

-90 -5 60 -45 -30 -15 o 15 30 45 B0 75 a0
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And also ... 6[2(3

@ Combustion noise : equivalent to a « noisemeter »
=» give access to the engine noise in dB (including engine block
attenuation and human ear A filter), based on the cylinder pressure.

» Rotational vibration analysis
=» based on an instantaneous speed measurement, allows to analyze
vibrations due to speed variations.

2 Needle lift analysis
=» allows to characterize the injection system, when it is equipped with
needle lift sensors (lift durations, phase,...)

2008, May 6™ — Technology Forum - How a combustion analysis system can support ECU calibration 28



Conclusion 6[2(3

» An efficient combustion analysis system is a key device
through the calibration process of an application

» Itis used at every steps of the calibration process, at the
test cell or inside a venhicle

» It has become a compulsory system for a successful
calibration

» It must provide easy connection with all standard systems

» It must provide synchronization solution with the engine in
all environments

OSIRIS from D2T, with its new electronic encoder (FFR-M)
j> and its recent developments such as MCD3 and CAN bus
Interfaces is one of these key system for a successful
calibration.
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