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On-Board Combustion Analysis @ KISTLER

System

measure. analyze. innovate.

Objective:

= Combustion Analysis System
vehicles
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USP’s:
» Dedicated design for on-board operatic
= Quick set-up and simple operation

= New time-/crankangle-based data acquisition
operation |
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System-Concept Jaes

measure. analyze. innovate.
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System measure. analyze. innovate.

D|g|t|zer
| al conditioning,data acquisition,
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i i . analyze. i te.
KiBox to Go — Housmg measure. analyze. innovate

Recess
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feed while stacking
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measure. analyze. innovate.
Interfaces

B SCP slots: 4 (2-Channel Amplifiers)
Analyzer Type 2893

oo e B SCP measuring channels: 8
@@ (TEDS)
\||\| A —— V hann . BNC
e T e ". R

[ ]
* CA
* CAN2

e * USB (Me
))) g . ® Digital In: "7

H Digital Out:
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On-Board Combustion Analysis ?,,?, KlSTLER

measur- ~~-hmo oo

Features

B SCP slots: 4
» Amplifier types: 5064B1, 4665B1,

5271B1, 5273B1 ‘
* Amplifier bandwidth: 100 kHz

| Measuring channels: 8
e Sampling rate: 1.25 MS/s
* ADC Resolution: 16-bit
¢ Voltage input range: +10 V
Data acquisition:
* Angle domain: 0.1/1.0K
0..15'625 rpm
e Time domain: 312.5 kHz

® Digital I/O
e Connector type: D-Sub
e Opto couplerin: 8
e Photo MOS relays out: 8
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measur- " )
Technical Data P

B Current clamp inputs: 2

e Connector: BNC

¢ Bandwidth: 100 kHz

e Sampling rate: 2.5 MS/s

* ADC Resolution: 12-Bit

- © Evaluated output: 2-Bit
B Ethernet PC interface:

1000baseT

B Ethernet interface:

10/100baseT

B CAN Interfaces: 2
e Connector: D-Sub, 9-pole
e Baud rate: 1 MBit/s
¢ |dentifier: 11/29 Bit
e Protocol: tbd.

B RS-232C
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measure. analyze. innovate.

Accessories: technical data

B Crank Angle Adapter

* Pick-up type: Hall/Magnetic
* Polarity: Positive/Negative
* Oscilloscope: ADC, 12-Bit
* Protection degree: IP65

* Ambient temperature:
-40..85 C :

® Current Clamps (3rd P;rty
* Type: Fluke 80i-110s
e Supply: Battery-powered
e Bandwidth: 100 kHz
* Protection degree: IP??

* Ambient temperature
* Operating: 0..50 °C
* No operating:-30..70 °C
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SOftware measure. analyze. innovate.

Digital Signal Processing B Real-time phase correction

sroup delay: Known for SCP

B Robust real-time interpolatio
~ of the onboard crank angle
- encoders (toothed flywheels
with Hall or magnetic pick-ups)
allows transient operati
* Coding: 60-1, 60-2, 36+1,
* Resolution: 0.1/1.0 KW

Englee Saajzhg Sowa k

B Digital FIR decimation filter

aul

e QOrder: 82 coriguaken | Daa
e Cutoff frequency: 100 kHz S
(-0.002 dB)

o ProE=dm
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Software

measure. analyze. innovate.

Base Algos

ox T[>3|OP/ a-sr Q/ Rb@kﬁﬂr{R&onst

Revolutions: RPM u 'V'aX'mum Pmax: LOC(0t) @ ppngy

Digital low-pass filtering per
channel
e Filter type: FIR

e Cutoff frequency: 5/10/20/30/100
kHz

Work: Pminps Pmic
Burn: B(a), SUM(B(a)),
LOC10(a), LOC50(w),
LOC90(x)

Volume: V(a), dV/da
Timing events: x(«) |
Timing events: x(t) 3 ——
Signal pegging: "

Englee Saajzhg Sowa k

aul
Corigrakn
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measure. analyze. innovate.
Software

Algos for Diesel Engines

"B Noise: Kistler

Englee Saajzhg Sowa k

Gl
CorgLrakon
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[=ls Proessirg , Alpcs
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measure. analyze. innovate.

Software

Views

B Configuration setup

e System

¢ Digitizer, algos

- © SCP amplifier

Raw data x, real-time vi

* X(a) graph

* x(V) graph

* X(t) graph "

Cycle-based combustion data z

* z(cycle) graph

m Offline: Configuration, graphs,
analysis

B Table representation,
numericals

B Oscilloscope function
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“Ne | i t
|nnovation = CrankSmart measure. analyze. innovate
= t{ime base data-

p.() acquisition for pressure

pf) —» AXt —» WORK an d crank-angle
N e I ;EE:; | T — o high CA
b 1.,
Signal & Data p,(t)
p)y —» ADC4 || Processng NOSE
LTS_ KNOCK
PEAK
o — NG >
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Innovation - CrankSmart

measure. analyze. innovate.

Measuring channels

1. Anti-Aliasing-Filter

-Conversion
5Ms/s

aT Kompensatlon
a reduction 312

‘

o
CA Signal

5. AD-Conversion 40
Ms/s

6480 Samples at
6000 U/min

5. edge detection —

—>

6 °KW
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measure. analyze. innovate.

Innovation - CrankSmart

Measuring channelsp
s 1. Anti-Aliasing-Filter
- AD-Conversion

taT Kompensation

a reduction 3°

CA Signal

5. AD-Con
Ms/s

6480 Sal
6000 U/mi

5. edge deteg
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Innovation - CrankSmart

Interpolation at
0,1°CA
resolution
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measure. analyze. innovate.

A Results:
PT s
Transformation from time into CA - pressure over CA
domain by Iine_ar interpolatic - et with 0,1 °resolution

- Volume function

- position of TDC

- time base data

1 KW
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measure. analyze. innovate.

Data format — Data export

Data storage in:

W Kistler .open — Format, contal ased data, time-

M Data export in |-File and

B Concerto Plug-in available
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KiBox to Go @ KISTLER

i . analyze. innovate.
Capture — Trigger measure. ana

Capture/ Trigger events for storage data :

® Manuel Trigger

B Trigger on levels O

B Trigger on events in cali
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yanee
Combustion analysis and ECU calibration System

measure. analyze. innovate.

INCA
KiBox Cockpit
Y e Ethernet 1000baseT =

b

et Switch
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|nterface to |NC A measure. analyze. innovate.

Features:
~ = With INCA the KiBox is in re

= Combustion values calculat
~ INCA like common ECU valu

= Combustion values
stored together on the

= INCA time-stamp is allocated y ‘

= Synchronization of individual Clocks is.
better one engine-cycle
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use cases

In vehicle indication ?g; KISTLER

measure. analyze. innovate.

@ Experiment: >BMW< Hardware: >Workspace<

Experirnent it Wiew Varables Measurement e Comporents  Window 2
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In vehicle indication 5¢, KISTLER

use cases Jahee

measure. analyze. innovate.
Experiment: >Kistler < Hardware: =Arbeitsumgebung< |8 5[
Experiment Bearbeiten Ansicht VYariablen Messung Hardware Datensatz ‘Werkzeuge Fenster 7

2 :::'"rl‘r!'l[ hsschwellen fiir release maps [‘I.i"'.lu [E]Messfenster [1] ;Iglél
i || e _trisoprngThvesz_map <kenfelo =] [ *: ;,"";"’-'ﬂ‘“{"’"q speed 3047.79| [rpm]
@ ¥ix 20 2 55 65 70 75 A imep_1 ﬂ 11.37ﬂ [bar]
=20 RLSMAP3 RLSMAP3 RLSMAPS RLSMAP3 RLSMAP3 RLSMAP3 RLSMAP3 RLSMAF :
; -10 | RISMAP3 = RISMAP3  RLSMAP3 | RLSMAP3  RISMAP3  RLSMAPS  RLSMAP3  RLSMAF imep_2 ﬂ 11.69 ﬂ [bar]
= 0 RISMAP3  RISMAP3  RLSMAP3 = RLSMAP3  RISMAP3  RLSMAP3  RLSMAP3  RLSMAF imep_3 ﬂ 11 .42ﬂ [bar]
% 15 RISMAP3  RLSMAP3  RLSMAP3 = RLSMAP3  RISMAP3  RLSMAP3  RLSMAP3  RLSMAF .
» 17 RLSMAP3  RLSMAP3  RLSMAP3  RLSMAP3  RISMAP3  RLSMAP3  RLSMAP3  RLSMAF imep_4 ﬂ 11 -62ﬂ [bar]
& 2 RISMAPZ  RISMAP3  RISMAP3 = RLSMAP3  RISMAP3  RLSMAP3  RLSMAP3  RLSMAF =
- mm||| 25 | RSMAPI  RISMAP3  RLSMAP3 | RLSMAP3  RLSMAP3 RLSMAF il e ﬂ 43'07ﬂ [Y/°CAl
g |: 30 RISMAPS  RISMAP3  RLSMAP3 | RLSMAP3  RISMAP3  RLSMAP3  RLSMAP3  RLSMAF heat max_2 ﬂ 52.43ﬂ [3f°CA]
= s RISMAP3  RISMAP3  RISMAP3 = RISMAP3  RISMAP3  RLSMAP3  RLSMAP3  RLSMAF 5
4 40 | RISMAP3 | RISMAP3  RLSMAP3 = RLSMAP3  RISMAP3  RLSMAP  RLSMAP3  RLSMAF heat_max_3 ﬂ 44'91ﬂ [3/°CA]
) 50 RISMAP3  RLSMAP3  RLSMAP3 = RLSMAP3  RISMAP3  RLSMAP3  RLSMAP3  RLSMAF heat_max_4 ﬂ 45.43 ﬂ [3/°CA]
Wl e RISMAPS  RISMAP3  RLSMAPS = RLSMAP3  RISMAPS  RISMAPZ  RLSMAPS  RLSMAF_|
® 70 RISMAP3  RLSMAP3  RLSMAP3 = RLSMAP3  RLSMAP3  RLSMAP3  RLSMAP3  RLSMAF heat_intstart_1 ﬂ 1.00 ﬂ [PCA]
an D1 SMADT DI SMADT D1 SMAD D1 SMADY DI SMADT DI SMADT DI SMADY D1 SMA X
w || L4 | » heat_int50_1 |] 16.00| [°CA]
E b heat_intend 1 |] 34.00| [°CA]
e . InjCt_qsetUrel [mgihub] heat_intdur 1 33.00 [°CA
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yix 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250
S.00 4 4 4 4 4 4 4 4 4 4
10.00 4 4 4 l 4 4 4 4 4 4
r— —
15.00 4 4 4 4 4 4 4 4 4 4 T e— -
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50.00 4 4 4 4 4 4 4 4 4 4 _stinfCharSetv :
60.00 4 4 4 4 4 4 4 4 4 4 9,9?9??9 = : i
InjCrv_stinjCharActVal Ak
1 2997900 o
1%1'”!"‘-:1“"“ 1 [294] ;
| 1y A
| aFs_marpercyl | 251/ [mgHub] 24.9|[deg €]
| arct_mengTempCor_mp | 0| [mgtb] f§ Epmneng | 1257 [rpm] A s
g |Messung gestoppt Maz, Pufferfiillstand: 0%
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ECU Calibration measure. analyze. innovate.
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yaee
ECU Calibration
Use cases for combustion analysis in ECU calibration:

measure. analyze. innovate.

= Combustion Analysis is the
about combustion as an result of the

- = Fast and efficient ECU cal

= optimization of idle, detectio
= exhaust after treatment concej
concepts
= nitrogen catalyst cor
= catalyst heating

= cold-start, general engine start and

sibility to get information

= Diagnose and troubleshooting

= evaluations under realistic environmental c
altitude, temperature, humidity and fuel quality

= [njection-, ignition — timing evaluation
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yanee

measure. analyze. innovate.

Conclusion

First combustion analyzer dedicated to the in-vehicle use:

= [nterpolation ins
conditions with CrankSme

= reliable and entire measurement'o en
combined time- and CA based data acqt

= time-right/ time-synchrony interface to calib
INCA |
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measure. analyze. innovate.
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