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Ciclo en un motor de 4 tiempos.

CBL-E - Basics of Pressure Measurement / Sai / Nov 2010

TDC
BDC

KISTLER

Top dead center
Bottom dead center
Inlet opening

Inlet closing
Exhaust opening
Exhaust closing
Inlet

Exhaust
Displacement
Compression space

measure, analyze. innovate,

Informacion proporcionada por la

KISTLER

medida de presion en camara (1)

* IMEP:
Medida de trabajo

* Determinacion de

* Pérdidas por friccion

 Pérdidas por int.
de gases
» Variaciones ciclo a
Ciclo. Estabilidad.
 Fallos de encendido.
* Respuesta.

CBL-E - Basics of Pressure Measurement / Sai/ Nov 2010

V. = Volumen de
compresion.

V, = Desplazamiento.

p, = Presion ambiente.

+

measure, analyze. innovate,
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-, . . KISTLER
PreS I O n Med I a. EfeCtIVa. measure, analyze. innovate,
Combustion — Pérdidas.
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-, . KISTLER
Informacion proporcionada por la measure,anlyze, nmovate.

medida de presion en camara (2)
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Curvas mas habituales: §j§1;L!EB

Curvas relativas al TDC / ciclos.

CBL-E - Basics of Pressure Measurement / Sai / Nov 2010 7

Choque Térmico EJ.EST;LEB

Encapsulado del sensor

Elemento de medida piezoeléctrico
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KISTLER

Oscilaciones por resonancia. measure,anlyze, nmovate.
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B El gas en el canal de montaje puede ser excitado en forma de resonancia
acustica denominada oscilaciones por resonancia debida a cambios
rapidos de presion a la entrada.

B Debido a las restricciones impuestas por el espacio de montaje o por el
propio sensor, los sensores no pueden siempre ser montados enrasados
con la camara de combustion.

CBL-E - Basics of Pressure Measurement / Sai / Nov 2010 9

KISTLER

Diferentes entornos de aplicacion. measure,anlyze, nmovate.
Aplicacion Calibracién Andlisis de
combustion.
Analisis de

intercambio de gases

Pérdidas de friccién

Andlisis
Termodinamico

Arranque en frio.

Analisis de
detonacion.

Ajuste de Motor

Monitorizacién Monitorizacién de combustion
Equilibrado de Instrumentos de campo.
cilindros
CBL-E - Basics of Pressure Measurement / Sai / Nov 2010 10
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Analisis de Combustion:

Medidas en vehiculos.

Noel Alonso
Kistler Ibérica SLU.

CAL-E3 - System Configuration / Kle/ Feb 2011

Instrumentacion de un vehiculo

CAL-E3 - System Configuration / Kle/ Feb 2011

CAL-E3 - System Configuration / Kle / Feb 2011

KISTLER

measure. analy:e. innovate.

KISTLER

measure, analyze, innovate,

KISTLER

measure, analyze, innovate,
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Sefial de Angulo procedente de
sensor de vehiculo.

Gap

ccccccc jht: Robert Bosch GmbH

Ejemplos de sefiales de angulo
(ejemplos esquematicos):

Inductivo Hall

CAL-E3 - System Configuration / Kle/ Feb 2011

Pinzas amperimétricas

KISTLER

measure, analyze. innovate,

KISTLER

measure. analyze. innovate.

Common numbers
of pulses and gaps:

60-2, 60-1

36-2, 36+1, 36-1
90-1

“Special*:

2%(18-1), 36-2-2-2, ...

Primarily 2 sensor
types:

* Active sensor
(Hall principle)

¢ Inductive sensor

KISTLER

measure, analyze. innovate,

Capacidad de medida de corriente AC y/o DC sin abrir el

circuito.

air gap with hall
sensor

amplifier
conductor

http://de.wikipedia.org/wiki/Bild:Allstrom-Zangenamperemeter.png
(Translation from the German version, sample AC and DC version)

CAL-E3 - System Configuration / Kle/ Feb 2011

CAL-E3 - System Configuration / Kle / Feb 2011
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Ejemplo de pinzas amperimétricas.

Output Signals: 10A range: 100 mV/A
100A range: 10 mV/A

KISTLER

measure. analyze. innovate.

KISTLER

measure, analyze. innovate,

http://assets.fluke.com/manuals/80i_110sisger0000.pdf
(80i-110s, AC/DC Current Probe, Instruction Sheet)

CAL-E3 - System Configuration / Kle/ Feb 2011

Medidas con pinza amperimétrica

Sefiales en motor diesel.:

KISTLER

measure, analyze. innovate,

| ’ Start closing injector ‘

| Start opening injector |

|

WA,

magneticiInjector +———"

Injector open !
«—> 1 >
h A“’ opening injector ‘ ’ closing injector ‘

VVVVW Injector open

o VT

CAL-E3 - System Configuration / Kle/ Feb 2011
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Analisis de Combustién — Metodologia ‘EI,&ST,;L!E':}
en latoma de las medidas.
B Start in File menu: B Finish in File menu:

Open Parameter File Save Parameters

B Go through Parameter tree:

Signals
TDC
Diagrams
Memory
Plausibility

CAL-E3 - Execution of measurements / Bea / Feb 2011 7

CAL-E3 - System Configuration / Kle / Feb 2011
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KISTLER
Sensores para
Analisis de combustion
Noel Alonso
Kistler Ibérica SLU.
KISTLER
Productos, I+D en motores essute, analyze, innovate
Sensores para medida de p en camara.
Sensores de presion de inyeccion. E

Sensores de presion, admis. / escape.
Punto Muerto Superior.
Encoder angular.

Sistemas de refrigeracién de sensores.

Accesorios (Montaje, Cables, Adaptadores, ...)

CBL-E - Sensors / Pg / 2

CBL-E - Sensors / Pg/ November 2010
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L ., KISTLER
Sensores para Analisis de CombuUSTION  mesue. nayze. imnovate

Medida de presién en camara.

CBL-E - Sensors / Pg / 3

. . ISTLER
Clasificacion de sensores: 5,&8,‘

W Sensores refrigerados
B Sensores no refrigerados

B Bujias instrumentadas
B Adaptadores de bujias

M Baja presion

B Accesorios

CBL-E - Sensors / Pg / 4

CBL-E - Sensors / Pg/ November 2010
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measure. analy:e. innovate.

: . KISTLER
Sen SO reS n O rEfrl g erad OS tl p I COS measure, analyze, innovate,
Ajuste frontal.
il
%\
Type 6052C 6054A 6053CC 6055C 6056A 6058A
Versions U20, U40, U50 U20, U40 uU20, U40 uU20, U40 u20
Length Sensor Sensor 30...120 40...140 Sensor Sensor
Mounting M5 M5 M5 4,4 mm 4,4 mm 4 mm
CBL-E - Sensors / Pg / 5
KISTLER

Sensores no refrigerados CON QJUSLE e, anayae, imovate.
en el cuerpo.

6125C

*Rango de presiones: 0...250 bar
* Sensibilidad: 37 pC/bar
* Para culatas compactas.

« Alta frecuencia natural - para deteccion de
detonacion.

* Aislado respecto a tierra > Elevada calidad en la
sefal.

@ 6,2 mm

CBL-E - Sensors / Pg /

CBL-E - Sensors / Pg/ November 2010
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measure. analyze. innovate.

: : KISTLER
Sensor no refrigerado con ajuste en  mesue.amiyze.imovate.
cuerpo MS.
6045A
« Sensor de presion de alta para
temperaturas elevadas.
* Montaje en alojamiento de M8 x 0,75.
* Larga durabilidad.
* Muy bajo error por choque térmico.
* Incluye identificacién de sensor
(PiezoSmart® )
M8
: . KISTLER
Sensores refrlgerados por | Iq UldO measure, analyze, innovate,

¢ Rango presiones: 0...250 bar
* Max. temp.: 350°C

* Posibles alojamientos:
M8/ M10

» Andlisis termodinamico: Choque térmico extremadamente bajo.
* Alta sensibilidad.
 Linea de cero estable durante cambios de carga en el motor.

CBL-E - Sensors / Pg / 8
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KISTLER

measure, analyze, innovate,

Bujias Instrumentadas

/ CERAMIC ISOLATOR

CBL-E - Sensors / Pg / 9

Bujias Instrumentadas KISTLER

measure, analyze, innovate,

CBL-E - Sensors / Pg / 10

CBL-E - Sensors / Pg/ November 2010
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measure. analyze. innovate.

Bujias — Rango térmico. ﬁlmST,,LEB

Surface ignition range

Safety margin

(0]
25 (5) hot
= S 6 Optimum
S g— operating range
&2
(7) cold
Carbon-fouling range
Speed
-, L KISTLER
Seleccion de bujia instrumentada measure,anlyze, nmovate.

Vehicle rorone Brand swart Engine Type o,7 L
Original Spark Plug Needed for
Manufacturer Spark Experts Type ABC9A-11 cross reference

Thread M12 x1,25 mm

Thread length L 26,5 mm From reference list
Heat range Original 9 BOSCH / BERU «+

Spark position A 4,2 mm o

Spark gap G 11 mm Not visible .
Ceramic D 10,6 mm In reference list

CBL-E - Sensors / Pg / 12
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measure. analy:e. innovate.

o KISTLER
MOdelos de bUJla Instrumentada measure, analyze, innovate,
Type 6113B... 6115B... 6117B... 6118B...
Thread M10x1 M12x1,25 M14x1,25 M14x1,25
: -, iy KISTLER
CO nfl g U raC I O n d e b UJ IaS measure, analyze, innovate,
instrumentadas.

1:1 Isolator Extension Cartridge Cable

CBL-E - Sensors / Pg / 14
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Adaptador de bujia de ﬁ'mSTZLE'?
precalentamiento

B Posibilidad de bujia con total operabilidad o sin

calentamiento.

B Sensor de presion con 15 pC/bar

B Alojamiento de montaje M10

B Sin oscilaciones de resonancia hasta 5 kHz

B Aplicacion tipica de optimizacion de arranque en

frio.

CBL-E - Sensors / Pg / 15

Adaptador de bujia de ﬁlmSILEB

precalentamiento.

Instalacion rapida y sencilla en motores diesel, sin alojamiento adicional

65420Q. .
|

6544Q...
Iq

65420...

Disefios basicos:
* Type 6542Q... with sensor 6056A... mounted in a tip with d > 5,1 mm
* Type 6544Q... with sensor 6058A... mounted in a tip with d > 4,6 mm

» Type 6542Q... with sensor 6056A... retracted for diameter d < 4,6 mm

CBL-E - Sensors / Pg / 16

CBL-E - Sensors / Pg/ November 2010
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Disefio de adaptador.

KISTLER

measure. analyze. innovate.

KISTLER

CBL-E - Sensors / Pg /

Glow Plug Adapter
6542Q__

Define Needs:
Analysis
Monitoring

Send Inquiry to Kistler:
* Glow Plug Dimensions
« Cylinderhead Dimensions

l

6542Q__
Drawings
from Kistler

Drawings approved
by customer

Ready for
Production

CBL-E - Sensors / Pg /

CBL-E - Sensors / Pg/ November 2010

memmesen =nglyze, innovate,

17

Ejemplo: 6542Q__ KISTLER

measure, analyze. innovate,

Motivo de la medida:
B Anélisis termodinamico.
B Monitorizacion.

Optimizacion en el disefio:

B Evitar resonancia o

B Proteccion térmica del sensor.
H Dimensiones de:

B Bujia original

M Culata

Planos del adaptador con version:
6542Q123X1

donde 123 es el nimero de version y
X1 en larevision del plano.

Plano revisado: 6542Q123X2
Plano aprobado por el cliente

Plano 6542Q123Xx
Puede ordenarse como 6542Q123

18
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L ., KISTLER
Sensores para Analisis de CombuUSTION  mesue. nayze. imnovate

|
B Presion de inyeccién
|
|
|
|
CBL-E - Sensors / Pg / 19
PreS|0n de I nyeCC|On measure, analyze, innovate,
Spring
Pentroof
‘Combustion
Chamber
Piston
CBL-E - Sensors / Pg / 20

CBL-E - Sensors / Pg/ November 2010
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measure. analyze. innovate.

KISTLER

measure, analyze. innovate,

Sensor piezorresistivo tipo 4065

B Rangos de presion: 200 /500 /1000 bar
B Max. Temp.: 20...120°C
B Alojamiento: M7

B Con cable integrado.

CBL-E - Sensors / Pg / 21

Sensor piezorresistivo 4067 KISTLER

measure, analyze. innovate,

B Rangos de presion: 1000 /2000 /3000 /5000 bar
B Max. temp.: 20...120°C

® Alojamiento:  M10

H Con cable integrado.

CBL-E - Sensors / Pg / 22
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Presion de inyeccién ﬁlmST,LEB
|
j Type 4067A
L L | Adaptador para linea de
SW 11 == M10x1 Inyeccion
T Now

| 2 B Disponible para distintos

:ﬂ; & diametros de linea: 6...20 mm
-
e & . - . -
. H B Disponible para distintos
H| modelos de sensor.
@15 M4
™
21
@2 28
CBL-E - Sensors / Pg / 23
KISTLER

Sensores para Analisis de CombUSTION  mesue.anaze.imovate.

Presién de admisién / escape.

CBL-E - Sensors / Pg / 24
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Presion de admision / escape.

CBL-E - Sensors / Pg /

Sensor Piezorresistivo tipo
4005BA...

Ventajas

e M5: Espacio reducido.

KISTLER

measure. analyze. innovate.

KISTLER

measure, analyze. innovate,

25

KISTLER

measure, analyze. innovate,

e Medidas de presion estaticas posibles.
e Muy alta frecuencia natural.
e Rangos de presion: 5 ... 200 bar

M5 thread

CBL-E - Sensors / Pg /

CBL-E - Sensors / Pg/ November 2010

26
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measure. analyze. innovate.

Sensor Piezorresistivo 4007BA... ﬁlmST,LEB

Ventajas

« M5: Tamafio extremadamente reducido.
e Medidas de presion estéticas.

e Rango de T: Hasta

¢ Rangos de presién de 5y 20 bar

4007B A...Absolute Pressure Range F Fine thread M5x0,5 A_ Amplifier 4618
S PiezoSmart

CBL-E - Sensors / Pg / 27

Medidas de presion en admision ﬁlmST,LEB

y escape.

CBL-E - Sensors / Pg / 28
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measure. analyze. innovate.

Medidas de presion en admision 'y ﬁlmSTZLEB

escape: Adaptadores de refrigeracion.

Adaptador con conmutacion por presion:
7533A

» Cerrado a presion atomosférica
¢ En contacto con gases calientes solo en las medidas

¢ Alojamiento M14

7533A1
L 1 M14x1,25 4045A..V39
2 M12x1 4075A..V39 / 701A / 7001A
3 M5 4005A..R
4 M5x0,5 4005A..F
CBL-E - Sensors / Pg / 29
. KISTLER
Ad m I S I O n y escap e 4049A saas measure, analyze. innovate,

» Temperaturas de escape por encima de 1000°C
* Tamafio compacto.

» Compensacion digital de temperaturas.

« Elemento de medida separado.

CBL-E - Sensors / Pg / 30
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measure. analyze. innovate.

L ., KISTLER
Sensores para Analisis de CombuUSTION  mesue. nayze. imnovate

|

|

|

B Medidas Generales de Presion

|

|

Medidas generales de presion ﬁlmSTZLEB
(Carter)

PRT 4260/4262A _
® High Performance
- Precisiones Hasta 0,05%FS
- Estabilidad: 0.1% FS
B Rango de temperaturas -40...125°C
B Modularidad

- Diversas conexiones eléctricas y
mecanicas.

- Sefial de salida (2-/3-/4-hilos)

CBL-E - Sensors / Pg/ November 2010
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measure. analyze. innovate.

KISTLER

measure, analyze. innovate,

Accesorios

O

CBL-E - Sensors / Pg / 33

2621E Sistema de Refrigeracion KISTLER

measure, analyze. innovate,

2621E
B En entornos industriales

B Monitorizacion de presion.
B Monitorizacion de flujo.

CBL-E - Sensors / Pg / 34
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Encoder Angular 2614A ﬁlmST,LEB

para medida de posicién de cigienal

= Rango de velocidades:
0...20 000 rpm

= Vélido para arranque en frio
= Disefio robusto

= Alta temperatura de trabajo.

o
Operate = Compatible con AVL 365
no Encoder T .
Catraion 1~ = CE Compliant
KISTLER
Encoder Angular 2614A measure,anlyze, nmovate.

Compatibilidad mecanica

1
]
- @52

@ 36 67
40

CBL-E - Sensors / Pg / 36
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measure. analyze. innovate.

2629B Sensor de Punto Muerto ﬁlmSTZLEB

Superior
® para determinacion dinamica de la posicion del
punto muerto superior (TDC) en motores de combustion.
® Método existente de mayor precision.

® Instalacion en el alojamiento de la bujia (o calentador)

® Elimina el angulo muerto termodinamico producido
al fundamentar el calculo de TDC en la p. max.

CBL-E - Sensors / Pg / 37

L . KISTLER
Sensores para Analisis de Combustion  mese. saye. moute.

Electrénica.

CBL-E - Sensors / Pg / 38
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Amplificadores de carga
Configuraciones tipicas.

Amplificador de
cargade un
canal

39

Amplificadores de carga
Configuraciones tipicas.

Amplificador de
Carga Multicanal

40

CBL-E - Sensors / Pg/ November 2010

KISTLER

measure. analy:e. innovate.

KISTLER

measure, analyze, innovate,

5011B...

Amplificador de carga
5018A...

CBLE-
Amplifiers / Kle

KISTLER

measure, analyze, innovate,

SCP:
2852A... 1 2854A... | 2854A...

—

peil gl B

- - -
- - -
3 3

SCP Amplifiers:
5064B.../ 4665

CBLE -
Amplifiers / Kle
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measure. analyze. innovate.

KISTLER
Amplificadores de carga de un canal "o

Transforma la carga eléctrica procedente de
un sensor piezoeléctrico, en una tension de
salida equivalente.

B Rango %2 ... £2 200'000 pC

B Compensacion de deriva (DrCo)

B Mdltiples filtros paso-bajo.

B Interfaces de comunicacion: USB y RS-232C

B Opcidn de identificaciéon de sensores
PiezoSmart®

B Almacenamiento automatico de ciclos de
trabajo.

a1 CBLE-
Amplifiers / Kle

Compensacion de deriva KISTLER

measure, analyze. innovate,

Pressure measurement of the charge amplifier with and without drift compensation

42 CBLE -
Amplifiers / Kle

CBL-E - Sensors / Pg/ November 2010
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measure. analy:e. innovate.

SCP: Médulos de acondicionamiento KISTLER

measure, analyze, innovate,

5064B... 4665 5227A1Q01 5247 5269 5271 2207A
Piezoelectric Piezoresistive Voltage Needle Lift pMax Module Bridge Amplifier Thermocouple
Charge Amplifier Amplifier Amplifier Amplifier Amplifier
Cylinder pressure Intake- / Exhaust- / Other sensors Fuel injection Durability testing Strain gauges Temperature

Injection pressure

Flexibility through interchangeable modules

2852A... 2854A... 2854A111 2853A110 2853A120 2853A...

43 CBLE-
Amplifiers / Kle

SCP (Plataformas d ﬁLST;L!EB

Acondicionamiento de Sefiales)
Sistemas Modulares

Acondicionamiento de sefales

Bajo ruido y calidad mejorada de sefial. SCP 8-slot desk version
Disefios hasta 32 canales.

Alimentacioén desde 10 VDC a 240 VAC

- ., . SCP Compact 6-slot
Utilizacién en banco o en vehiculo.

Control remoto posible.

Compatibles con todos los sistemas de indicacion. SCP Compact 4-slot
(e. g. in-vehicle operation)

SCP Slim 2-slot

44 CBLE -
Amplifiers / Kle

CBL-E - Sensors / Pg/ November 2010
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The Mobile Combustion Analyzer from
Kistler

KiBoxTo Go-Prasentation hoe March 09

On-Board Combustion Analysis
System

Obijective:

= Combustion Analysis System specifically for on-board operation in
vehicles

= Real time calculation of combustion analysis data
» Data analysis in FPGA and ‘embedded PC’
» Interface for ECU application tool (ETAS-INCA)

USP’s:
= Dedicated design for on-board operation
= Quick set-up and simple operation

= New time-/crankangle-based data acquisition for transient engine
operation

KiBoxTo Go-Prasentation hoe March 09


Jose Manuel
Imagen colocada
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On-Board Combustion Analysis
System-Concept

Digitizer Type 285x, 2/4/6/8-Kanal

OCA Software
High temperature cylinder
pressure sensors with
spark/glow plug adapter Note book
OCA Software
(0]
g INCA
[=]
>
Ea
%
>
TEDS | | | | | | | | Ethemet 100baseT @
From in-vehide fuel injectors T ——— | Supply voltage From separate board
and/orignition wires — | battery pack
From in-vehide crank angle TEDS

encoder

KiBoxTo Go-Prasentation hoe March 09

On-Board Combustion Analysis
System

Digitizer
(signal conditioning,data acquisition,
data evaluation)

Aux Power-Box
(USV, Ethernet-Switch)

KiBoxTo Go-Prasentation hoe March 09


Jose Manuel
Imagen colocada
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On-Board Combustion Analysis

KiBox to Go — Housing

Recess

To latch the rubber-
feed while stacking

Cable-clip

Fixation and
arrange of cables

Bore
For fixation at a

ground plate

Crossbar \

Fixation of cable

Fitting for safe-
belt

KiBoxTo Go-Prasentation hoe March 09

On-Board Combustion Analysis

Interfaces
Analyzer, Type 2893

KiBoxTo Go-Présentation hoe March 09

SCP slots: 4 (2-Channel Amplifiers)

SCP measuring channels: 8
(TEDS)

Voltage channels: 8 Bne)

Crank angle inputs: 2
e Active Probe (e.g. 60-2, TEDS)
e Standard (comTRG)

Current clamp inputs: 2 (BNC)

Data communication:
* 1000 baseT Ethernet
® 100 baseT Ethernet
e CAN1 (Analog Output)
® CAN 2 (spare)
® USB (Memory Stick)

Digital In: 8 (p-sub)
Digital Out: 8 (D-sub)
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On-Board Combustion Analysis

Features

B SCP slots: 4
* Amplifier types: 5064B1, 4665B1,
5271B1,5273B1
e Amplifier bandwidth: 100 kHz
B Measuring channels: 8
e Sampling rate: 1.25 MS/s
¢ ADC Resolution: 16-bit
e Voltage input range: +10V
B Data acquisition:
e Angle domain: 0.1/1.0°KW @
0..15'625 rpm
e Time domain: 312.5 kHz
® Digital I/O
e Connector type: D-Sub
e Opto couplerin: 8
* Photo MOS relays out: 8

KiBoxTo Go-Prasentation hoe March 09

® Crank angle input 1
e Connector: Binder, 14-pole
e Interface standard: LVDS

* Active Probe interface for engine-
integrated crank angle encoders:
CDM w/ embedded TRG, TEDS

® Crank angle input 2
e Connector: Binder, 12-pole
¢ Interface standard: LVDS

e Standard encoders: CDM/TRG,
A/B quadrature signals, type 2614
encoders, etc.

On-Board Combustion Analysis

Technical Data

B Current clamp inputs: 2
e Connector: BNC
e 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
Baud rate: 1 MBit/s
ldentifier: 11/29 Bit
Protocol: tbd.

KiBoxTo Go-Présentation hoe March 09

B RS-232C

e Connector: D-Sub, 9-pole
e Baud rate: 115 kBit/s max.
e Protocol: tbd.

® Supply

e Supply voltage:
* 10..32VDC
* 100..250 VAC w/ external adapter

* Power dissipation:
° 70 W typical
* 120 W max.

B Environmental

* Protection degree: IP40

* Ambient temperature:
¢ Operating:-20..50 °C
* No operating: -40..70 °C
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On-Board Combustion Analysis
Accessories: technical data

B Crank Angle Adapter
¢ Pick-up type: Hall/Magnetic
e Polarity: Positive/Negative
* Oscilloscope: ADC, 12-Bit
¢ Protection degree: IP65

* Ambient temperature:
-40..85 C

B Current Clamps (3rd Party)
* Type: Fluke 80i-110s
e Supply: Battery-powered
e Bandwidth: 100 kHz
* Protection degree: IP??

* Ambient temperature
e Operating: 0..50 °C
* No operating:-30..70 °C
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On-Board Combustion Analysis
Software

Digital Signal Processing B Real-time phase correction

e Group delay: Known for SCP

B Robust real-time interpolation N .
amplifier, digital low-pass filter

of the onboard crank angle
encoders (toothed flywheels
with Hall or magnetic pick-ups);
allows transient operation

e Coding: 60-1, 60-2, 36+1, ...

¢ Resolution: 0.1/1.0 KW

e Accuracy: £1.0 us

B Digital FIR decimation filter Erghe 13tzhg SO
e Order: 82 oorqu-alo:rl =
¢ Cutoff frequency: 100 kHz ——

Sgral Froz=sdrg
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On-Board Combustion Analysis
Software

Base Algos

B Revolutions: RPM

B Digital low-pass filtering per
channel

e Filter type: FIR

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

m Work: PmiHps Pmice

Maximum: p,.,, LOC(0) @ Prax
Maximum: dp/da

Maximum: dp/dt

TDC determination: Yes

Cycle detection: Yes

Variation coefficient: COV

Gas exchange: MEAN(x(a))

B Burn: B(a), SUM(B(a)), o

LOC10((oc)), LOC5(O((oc)),) Statistics: tbd.

LOC90() Monitoring: tbd.
® Volume: V(a), dV/da Evgie mayng somae
® Timing events: x(c) —
B Timing events: x(t)
B Signal pegging:

KiBoxTc!}iloO-Flé-sl;rBiéphj)@m{lpogonSt “

On-Board Combustion Analysis
Software

Algos for Diesel Engines

B Noise: Kistler

Algos for Otto Engines
B Knock: VDO, Kistler

Exglie faalzhg Soware
=]

Dorql\.ralon| [iF--]

Sgral PFroz=drg
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On-Board Combustion Analysis
Software
Views

Configuration setup
e System

¢ Digitizer, algos

e SCP amplifier

B Raw data x, real-time view
* X(a) graph
e x(V) graph
e Xx(t) graph
B Cycle-based combustion data z
* z(cycle) graph
m Offline: Configuration, graphs,
analysis
B Table representation,
numericals
B Oscilloscope function
KiBox to Go
Innovation - CrankSmart
P
p,f) —» ADCI > oY
HEAT
pf) —» AR > PEAK
pf) —» ADC3 >
Signal & Data p.t)
p) —» ACA p  Processing NOISE
LT_ KNOOK
s PEAK
1_T82
o —[NEOe >
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Englee SI3YIh] S0MEE

= time base data-
acquisition for pressure
an d crank-angle

= Interpolation for high CA
resolution

= Transformation into CA
domain

= cycle separation,
scaling, zero-line algo

= calculation or
combustion values

= display and storage
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KiBox to Go

Innovation - CrankSmart

A

Measuring channels
1. Anti-Aliasing-Filter

2. AD-Conversion
1,25Ms/s

3. DeltaT Kompensation

4. Data reduction 312
kS/s

o
CA Signal

5. AD-Conversion 40
Ms/s

6480 Samples at
6000 U/min

5. edge detection ?
6 KW

KiBoxTo Go-Prasentation hoe March 09

KiBox to Go

Innovation - CrankSmart

Measuring channels
1. Anti-Aliasing-Filter

2. AD-Conversion
1,25Ms/s

3. DeltaT Kompensation

4. Data reduction 37°
kS/s

CA Signal

iBoxTo Go -Prasentation hoe March 09
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KiBox to Go
Innovation - CrankSmart
oA Results:
8.
Transformation from time into CA - pressure over CA
domain by linear interpolation between : o :
measuring points with 0,1°resolution
- Volume function
o tol-d—1*] -
~T T - position of TDC
o - time base data
7- LN
Interpolatonat [ [ [ || ||| 1 ~~ 7
0,1°CA
resolution
— -
1 KW t
KiBoxTo Go-Prasentation hoe March 09 17
KiBox to Go

Data format — Data export

Data storage in:

W Kistler .open — Format, contains selectable CA-based data, time-
based data and/ or combustion values

B Kistler .open — Format is open and described, high-level access
function are within a DLL available

B Data export in I-File and CSV format

m Concerto Plug-in available

KiBox T o Go -Présentation hoe March 09 18
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KiBox to Go
Capture — Trigger

Capture/ Trigger events for storage data :

B Manuel Trigger

B Trigger Event: Engine start/ Engine Stop

B Multiple Trigger events are possible

B Trigger on levels on combustion values e.g. Pmax> Levell

B Trigger on events in calibration software INCA

KiBoxTo Go-Prasentation hoe March 09

KiBox to Go

Combustion analysis and ECU calibration System
INCA
KiBox Cockpit
Ethernet 1000base T

o

Gigabit Ethernet Switch

]

KiBoxTo Go-Présentation hoe March 09
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KiBox to Go
Interface to INCA
Features:

= With INCA the KiBox is in remote modus

= Combustion values calculated by the KiBox, could be used in
INCA like common ECU values

= Combustion values and ECU values are displayed and
stored together on the same timeline in INCA

= INCA time-stamp is allocated by the KiBox

= Synchronization of individual Clocks is better then 10ms ,
better one engine-cycle

KiBoxTo Go-Prasentation hoe March 09

In vehicle indication
use cases

21
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In vehicle indication
use cases

KiBoxTo Go-Prasentation hoe March 09

KiBox to Go
ECU Calibration

KiBoxTo Go-Prasentation hoe March 09
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KiBox to Go
ECU Calibration

Use cases for combustion analysis in ECU calibration:

= Combustion Analysis is the only possibility to get information
about combustion as an result of the ECU control-functions
= Fast and efficient ECU calibration

= optimization of idle, detection of misfiring
= exhaust after treatment concepts need to switch between combustion
concepts

= nitrogen catalyst converter

= catalyst heating

= cold-start, general engine start and stop
= Diagnose and troubleshooting

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

= [njection-, ignition — timing evaluation

KiBoxTo Go-Prasentation hoe March 09 25

KiBox to Go

Conclusion

First combustion analyzer dedicated to the in-vehicle use:
= compact housing, integrated amplifier, fast installation

= safe and robust operation with the in-vehicle CA Sensor e.g.
60-2 Sensor with CrankSmart

= [nterpolation instead of critical Extrapolation in transient
conditions with CrankSmart

= reliable and entire measurement of engine-start/ stop, thanks
combined time- and CA based data acquisition

= time-right/ time-synchrony interface to calibration software
INCA
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