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Combustion Engine Analysis




What is Combustion?

Internal combustion means just what it says: that fuel is burned inside the engine. In a car engine, gasoline is burned inside the engine, which ignites
the fuel and releases energy that moves the car. There are also other methods of internal combustion, such as diesel engines and gas turbine
engines. Internal combustion is an efficient system that requires a relatively small engine to create motion. It is also more fuel-efficient than
external combustion engines, such as an old-fashioned steam engine.

Gasoline engines used to be as inefficient as steam engines. In 1876 the gasoline engine was invented and it was no more efficient than the steam
engine, which used external combustion. A lot of fuel was wasted. In 1878, Rudolph Diesel decided to develop an engine with higher efficiency, and
in 1892 the diesel engine was born. It was more efficient as an internal combustion engine, but it took many more years to develop a diesel engine
that was cleaner and quieter. Early diesel engines spewed out sooty smoke and at first were only used in trucks. Today, new advancements in this
method of internal combustion have improved the diesel engine. The difference between gas and diesel engines is the way fuel is converted to
energy.

Turbines are another method used to create power with a spinning motion. There are wind turbines, steam turbines, water turbines, and also gas
turbines. Gas turbines work on the principle of internal combustion. In a modern gas turbine engine, the engine produces its own pressurized gas
by burning fuel. The engine can burn propane, natural gas, kerosene, or jet fuel. The burning fuel creates heat, the heat, in turn, expands the air, and
a high- speed blast of hot air spins the turbine.

[Video available in the online version]



What is Internal Combustion Engine?

An internal combustion engine (ICE) is a heat engine where the combustion of a fuel occurs with an oxidizer (usually air) in a combustion

chamber that is an integral part of the working fluid flow circuit. In an internal combustion engine the expansion of the high-temperature and high-
pressure gases produced by combustion applies direct force to some component of the engine. The force is applied typically to pistons, turbine
blades, rotor, or a nozzle. This force moves the component over a distance, transforming chemical energy into useful mechanical energy.

The first commercially successful internal combustion engine was created by Etienne Lenoir around 1859 and the first modern internal combustion
engine was created in 1876 by Nikolaus Otto.

The term internal combustion engine usually refers to an engine in which combustion is intermittent, such as the more familiar four-stroke and two-
stroke piston engines, along with variants, such as the six-stroke piston engine and the Wankel rotary engine. A second class of internal combustion
engines use continuous combustion: gas turbines, jet engines and most rocket engines, each of which are internal combustion engines on the same
principle as previously described. Firearms are also a form of internal combustion engine.

In contrast, in external combustion engines, such as steam or Stirling engines, energy is delivered to a working fluid not consisting of, mixed with, or
contaminated by combustion products. Working fluids can be air, hot water, pressurized water or even liquid sodium, heated in a boiler. ICEs are
usually powered by energy-dense fuels such as gasoline or diesel, liquids derived from fossil fuels. While there are many stationary applications,
most ICEs are used in mobile applications and are the dominant power supply for vehicles such as cars, aircraft, and boats.

Typically an ICE is fed with fossil fuels like natural gas or petroleum products such as gasoline, diesel fuel or fuel oil. There is a growing usage of
renewable fuels like biodiesel for compression ignition engines and bioethanol or methanol for spark-ignition engines. Hydrogen is sometimes
used, and can be obtained from either fossil fuels or renewable energy.

Diagram showing the operation of a 4-stroke
spark ignited engine. Labels:

1 - Induction

2 - Compression
3 - Power

4 - Exhaust

Image 1: 4-siroke spark ignited engine

Intake, induction or suction: The intake valves are open as a result of the cam lobe pressing down on the valve stem. The piston moves
downward increasing the volume of the combustion chamber and allowing air to enter in the case of a compression ignited (Cl) engine or
an air-fuel mix in the case of spark-ignited (SI) engines that do not use direct injection. The air or air-fuel mixture is called the charge in any
case.

Compression: In this stroke, both valves are closed and the piston moves upward reducing the combustion chamber volume which reaches
its minimum when the piston is at TDC. The piston performs work on the charge as it is being compressed; as a result its pressure,
temperature, and density increase; an approximation to this behavior is provided by the ideal gas law. Just before the piston reaches TDC,
ignition begins. In the case of a Sl engine, the spark plug receives a high voltage pulse that generates the spark which gives it its name and
ignites the charge. In the case of a Cl engine the fuel injector quickly injects fuel into the combustion chamber as a spray; the fuel ignites
due to the high temperature.

Power or working stroke: The pressure of the combustion gases pushes the piston downward, generating more work than is required to
compress the charge. Complementary to the compression stroke, the combustion gases expand and as a result their temperature,
pressure, and density decreases. When the piston is near to BDC the exhaust valve opens. The combustion gases expand irreversibly due to
the leftover pressure - in excess of back pressure, the gauge pressure on the exhaust port; this is called the blow-down.

Exhaust: The exhaust valve remains open while the piston moves upward expelling the combustion gases. For naturally aspirated engines a
small part of the combustion gases may remain in the cylinder during normal operation because the piston does not close the combustion
chamber completely; these gases dissolve in the next charge. At the end of this stroke, the exhaust valve closes, the intake valve opens,
and the sequence repeats in the next cycle. The intake valve may open before the exhaust valve closes to allow better scavenging.


https://en.wikipedia.org/wiki/Internal_combustion_engine

Combustion Analysis in Dewesoft X DAQ Software

The Dewesoft X Combustion analysis math module enables the Analysis of internal combustion engines. If we measure the pressure inside the
cylinder and the angle of the shaft, we can calculate the main indication values for engine development and testing, like maximum pressure,
position of maximum pressure, heat release, knocking, and other important parameters.

The combustion analysis is fully integrated inside the Dewesoft X software, which means that we can use any functionality of Dewesoft including
CAN bus, video, other analog signal acquisition, and more.

The video below shows how easy and fast it is to setup combustion analysis in Dewesoft and start measuring.

Image 2: Quick setup and measurement of internal combustion in Dewesoft X

[Video available in the online version]
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https://dewesoft.com/products/daq-software/dewesoft-x

Introducton to DAQ System

SIRIUS Combustion Analyser data acquisition systems are used for engine research, development, and optimization. They are also used for
component development and testing such as ignition systems, exhaust systems, and valve control gear. The system consists of our top of the
notch isolated SIRIUSi hardware and the well-known DewesoftX software package for measurement and analysis.

It supports angle and time-based measurement results and uses highly sophisticated algorithms for online or offline
mathematical and statistical calculations of heat release and other thermodynamic parameters.

The combustion analyzer can be fully integrated within a testbed and also supports data from other sources: e.g. Video, CAN, Ethernet,... . If the
powerful integrated post-processing features of DewesoftX are not enough, you can even export the data to several different file formats.

In addition to combustion analysis, the system can be expanded to handle other measurement applications such as hybrid testing on the power train,
noise, and vibration measurement together with synchronized video or GPS data.

DAQ System Overview

Pressure sensor(s) are used to measure the cylinder pressure of the engine. Depending on the sensor type, these can be directly connected to our
SIRIUSi amplifier like any other input channel or through external signal conditioning amplifiers. Charge type sensors can be connected to CHG
amplifiers directly.

Additionally an angle sensor is needed for getting angle domain measurement results. Several different types are supported by the Dewesoft
Combustion Analyser. Additional mounted CDM (Crank Disc Marker) sensors or digital native CDM sensors (like 60-2 or 37-1,...) with TTL outputs
can be connected to dedicated counter inputs.

Sensors with analog output can:

e be directly connected to analog input channels,
e or to counter inputs via the DS-TACHO device.

In both cases, the DewesoftX re-sampling technology gives you an angle resolution down to 0.1A°.
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Image 3: Connecting sensors to SIRIUS DAQ device for Combustion Analysis purpeses






How to Enable the Combustion Analyzer Module?

Like many other modules, Combustion Engine Analysis is also an option to the standard DewesoftX package. Simply in the Channel setup tab press
More and select the Combustion engine analysis to add the module.
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Image 4: Add a CEA module to the Channel setup inside Dewesoft X

The basic settings for the CEA module need to be done here as well. Before you add the module you can click on the screwdriver icon on the right
of the Combustion engine analysis option to enter the CEA settings, or if you have already added the module, simply open the general Settings,
select Extensions tab and find CEA module in the tree window. CEA settings are previewed on Image 5.
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Image 5: Setting up the CEA module under Settings

CEA Settings:

e The settings for the encoder limit - Check encoder pulses are only used in real angle domain acquisition and therefore not needed for the
Dewesoft's Combustion Engine Analyzer.

e |f Scope mode is enabled, CEA skips cycles - in other words it does not calculate all cycles. There are several levels of scope mode available.

Depending on this setting, the CEA-module also skips calculations depending on the measure mode (storing, not storing, trigger,...).
o The default setting which should be used for CEA to calculate, store and visualize all cycles is: never

e Engine templates (eg. Calculation methods) are stored in the engine templates path.

e Limit the maximum number of cylinders on generated display is related only to the preview of an automatically generated measuring display.






Basic Operation Concepts

The combustion engine analyzer inside DewesoftX is just one out of several other applications modules that offers dedicated mathematics and
dedicated visual controls like the p-V diagram or the CEA scope.
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Image &: Combustion engine analyzer is just one out of several applications modules inside Dewesoft X

Since the analog channels of the Sirius system are the input for the mathematics calculations, you must first set up the amplifier and configure the
scaling of the physical unit. This is done in the Analog section of the setup screen.

When you are satisfied with the Analog configuration you can go to the next step and use those analog channels as input for the CEA module.
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Image 7: Many applications can be combined together with Combustion Engine Analyzer

You can use the same analog input channels that you have used in the Combustion Engine Analyzer module for any other mathematics or
applications (e.g. FFT, etc.) in parallel! This gives you a multi-functional instrument suitable for nearly any application. moreover, output channels
from one mathematics module can be used as input channels for any other module.

You can use the standard mathematics result channels as a CEA input channel (e.g. some special filtering or correction of the input channels).
The output of the CEA module can be also used as an input channel for the mathematics (e.g. advanced statistics on the cylinder pressure
channels).



How to setup Analog Inputs Filters?

When connecting sensors for combustion engine analysis, extreme caution should be made while selecting the correct filters.
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Image 8: Amplifier setup for DEWE-43 and
DSI-CHG-50 adapter
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Correct hardware should be selected for the type of application (engine) that will be used. If it is going to be a very low-RPM engine and charge type
pressure sensors will be used, then a Sirius device with charge inputs should be used. Otherwise also DSI-CHG adapters are possible, but they do
not have the same filter settings as charge inputs. On the images above a clear difference can be seen for the lowest High-pass filter setting on a
SIRIUS with CHG inputs (Image 9) and a DEWE-43 with DSI-CHG-50 adapter (Image 8).

Signal noise should always be reduced as much as possible with quality cabling and correct mounting of the pressure sensor. If there is still
unwanted noise in the pressure signal, then filtering can be used to eliminate this.

High-pass filter

For a low-RPM engine, the high-pass filter shouldn't be set too high.

Important settings: HPF < 0.03 Hz


https://www.kistler.com/?type=669&fid=87&model=download
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Image 10: High-pass filter diagram

For a high-RPM engine, the low-pass filter shouldn't be set too low.

Important settings: LPF > 50 kHz
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Image 11: Low-pass filters diagram
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How to setup the Combustion Engine Analysis module?

You must configure the Combustion Engine Analyzer module after setting up the analog input channels.

The configuration of the CEA module is split into 3 sections:

e Engine settings: Defines the geometry of an engine and assigns the channels to the cylinders
e Encoder settings: Assign the encoder/angle sensor, resolution and the TDC detection

¢ Result definition: Enables/disables different possible calculations and the output channels for the CEA module
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Image 12: Configuration of the CEA module
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How to define the Engine Settings?

Engine settings are defined by four major fields inside the CEA module as it is shown on image 13: Basic parameters, Volume per cylinder,
Selected cylinder settings, and Cylinder overview.

ceat | + Used v | |setup v| | Rename “x

I Engine settings I Encoder settings ‘ Result definition |

Volume per cylinder
Engine type Number of cylinders cylinder Volume source Compression ratio Stroke [mm] Bare |mm) Engine database
| 4-Stroke - Standard v s NE v | |ceometry v [m=s | [s2 | [s4s v

Firing order — — L4
[1-5-486372 v gr:; ] : add || Save || Delete

[Esling RS win [0,0453 dm3 €O [mm] PO [mm]

Gasoline ~  Compr i
1,32 1,27 Max |0,5657 dm3
Static poly. coeff. i 132 F127

Selected cylinder settings Cylinder overview

1 (Reference) 2 3 4 5 6 7 8
Deactivation source
p_Cyl1 v p_Cyl2 p_Cyl3 p_Cyl4 p_Cyls p_Cyls p_Cyl7 p_Cylg
Activated v
. 630,000 450,000 380,000 540,000
Errrre—
Correction principle —
Thermodynamic ~ _—
First ref. point Second ref. point —
|100 |"€A ‘-65 ‘“ 4 Zero level correction
| . | Type Thermo Thermo Therma Therma Therma Thermo Thermo Thermo
Additional channels
@ 4 Additional channels
——————

Image 13: Four mayer fields inside the CEA module define the Engine settings

Basic parameters

Engine type Number of cylinders Reference cylinder
4-Stroke - Standard v| s | [1 vl
Firing order
|1-54-8-6-3-7-2 |
Fuel type Polytropic coefficients
| Gasoline ~ | Compression
e ol 1,32 |[127 |
: = Suggested: 1.32 Suggested: 1.27

Image 14: Basic parameters definition

The default installation includes a 2-Stroke or 4-Stroke with the standard calculation method for the volume calculation.
Additional templates with customized volume calculation can be added.

Number of cylinders It indicates the number of cylinders or pressure sensors that will be used in a measurement.

A reference cylinder can be selected upon setting up the number of cylinders and can be applied to any cylinder. The
reference cylinder is indicated with 'Reference’ written in brackets under the Cylinder overview.

Reference cylinder
+] Cyiinder [ 1 @eference) | 2 | 3 | 4

Image 15: Reference cylinder preview

Engine type

Firing order Firing order can be selected according to a defined number of cylinders.
Defines the fuel of the engine. Depending on the selected fuel type polytropic coefficients used for thermodynamic

Fuel type calculations are suggested. The defined value must be entered manually into the Polytropic coefficients fields.

Volume per cylinder
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Volume per cylinder

Volume source Compression ratio Stroke [mm] Bore |mm]| Engine database

) ) . .
DCMod [mm] Crankpin [mm] | Add | | Save | | Delete |
154 92,8 o

Min [0,0453 dm3 €O [mm] EZ Lo

Max |0, 5657 dm3 |0 | |0

Image 16: Volume per cylinder definition

In the field Volume per cylinder the Volume source first needs to be defined. This will define the geometry of a cylinder which can be in fact:

e written in manually - Geometry option,
e imported curve as a Text file or
¢ defined within the selected Engine template.

Volume source Description

Geometry volume source is defined by the Compression ratio (defines the ratio between swept and clearance
volume), Stroke, Bore, and Conrod.

The Crankshaft Offset (CO) or the Piston Offset (PO) are entered in the field CO or PO. It is very important to consider the

running direction of the crankshaft. The illustration on image 16 also consists of two arrows, where the signs next to the

Geometry arrows '+ or - are shown for the counter-clockwise direction.

If PO or CO is entered, stroke is not available anymore. The crankpin must be entered separately!

Text file calculation will be made according to changing parameters of the engine.

All engine settings can be saved as an 'Engine database' for Cylinder count
future usage. By having several templates it is easy to switch Fuel type
between engines. Several templates can be added with the
Add button and saved afterward. Existing templates can then
be selected from the drop-down menu.

Polytropic coefficients
Compression, Stroke, Bore, Conrod, CO, PO, Crankpin
Ignition misalignment (defined in Cylinder overview)

. Look at the right column or at the image 17, where it is
Engine Database  marked which information are saved in the template.

Additional channels
When switching between engine databases with different
numbers of cylinders, pressure channel input should be
checked and corrected if necessary.

If for example the compression ratio of an engine is variable the cylinder curve can be imported as a 'Text file' and the

cEAl | + |Used | |setup v|  Rename | ‘x
| Engine settings | Encoder settings ‘ Result definition |
Basic parametes Volume per cylinder
Engine type Number of s Reference cylinder Volume source Compression ratio Stroke [mm] Bore |mm) Engine database
4-5troke - Standard ~ Is I 1 ~ Geometry ~ [125 | [s23 | [84s 9
Firing order - -
|1—54:15—;7—2 v‘ %Smod [mm] cgrzrré» pin [mm] | Add | | Save | ‘ Delete |

€O [mm] PO [mm]

Fuel type Polytropic coefficents
:

1,32
Static poly. coeff. 132  Suggested: 1.27

1 (Reference) 2 3 4 5 6 i 8 ‘
Deactivation source
p_Cyil v p_Cyl2 p_Cyl3 p_Cyl4 p_Cyls p_Cyls p_Cyi7 p_Cyig
Activated v
B Ignition misalignment 630,000 450,000 180,000 350,000 540,000 270,000
level correction T Cyinder deactvation
Correction principle —
-
First ref. point Second ref. point —
|-100 |"CA ‘-65 A 4 Zero level correction

Image 17: Saved properties for the Engine template
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Selected cylinder settings

For each cylinder Selected cylinder settings can be applied, where Cylinder deactivation, Zero level correction, and Additional channels can be set.
This is done by clicking the Settings button in the Cylinder overview for the desired cylinder as it is shown in image 18.

Selected cylinder settings Cylinder overview
+ Cylinder 1 Reference) 2 3 4 5 6 7 CO
Deactivation source
= Pressure channel p_Cyll ) Cyl2 p_Cyl3 p_Cyl4 p_Cyls p_Cyls p_Cyl7 p_Cyl3
Activated v
B Ignition misalignment 0,000 630,000 450,000 180,000 90,000 360,000 540,000 270,000

Cylinder deactivation
Correction principle

First ref. point Second ref. point
[-100 |eca |65 |eca

Color

Fl Zero level correction

Type Thermo Therma Thermo Thermo Thermo Thermo Thermo Thermo
4 Additional channels:

Image 18: Setting up the Selected cylinder settings in this case for cylinder 3

Zero level correction

Dewesoft CEA supports three different correction principles:

Correction principle Description
With this method, two points (default -100, -65deg) of the

pressure curve, the volume and pressure are measured. Out ¥ 33 Combusti lysi
of the volume and pressure difference, and the entered ombustion analysis
polytrophic coefficient, the inlet pressure is calculated. The ¥ E Basic
pressure curve is shifted (offset only) to get the right pressure
. at the bottom dead center. == PCorrl
Thermodynamic zero
== PCorr2
The zero correction offset is also
Refer to the Combustion analyzer manual, chapter 7.1. provided as a result cutput, for each
Zero point correction on page 14 for getting detailed cylinder.

information about the calculation method.

Using this method, the pressure curve is set to a defined - fixed value. Correction point specifies the position related to
TDC where it should be corrected.

For this method, a pressure sensor is used which measures the absolute pressure at the inlet manifold of the engine. From
the template we can define where the inlet pressure should be measured related to TDC, so we can define a position
where the inlet pressure is stable (near bottom dead center). Correction point defines the position on which the pressure
should be corrected.

No zero level correction is applied. This option is used in case of working with a sensor with an inline amplifier, where
correction is already made.

Fixed value

Measured value

None

Additional channels

Additional channels can be applied to each cylinder. These channels are aligned with the corresponding cylinder and will be available in the CEA-
Scope diagram, and are as well as the pressure channels recalculated to an angle domain. As an example, you can also apply the Injection or
Ignition signal in order to display it together with the pressure signal.

Signals for additional channels do not need to be only the analog signals, but can be also output from other modules, for example, torsional vibration
outputs can be added to CEA to view the results in the angle domain of the engine.
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+ Cylinder 1 (Reference) i 5 4
Deactivation source

a Pressure channel Cyll Cyl2 Cyl3 Cyl4
Activated v Py Py Py Py

] Ignition misalignment 0,000 630,000 450,000 180,000

s Cylinder deactivation Activated Activated Activated Activated

Correction principle :
Thermodynamic ~
] Settings Settings Settings Settings

First ref. point Second ref. point
|-IDD | oCA |-65 oCA 4 Zero level correction
o Type Thermo Thermo Thermo Thermo
4 Additional channels
@ s il Inj_Cyl1 Inj_Cyl2 Inj_Cyl3 Inj_Cyl4
o] Channel Setup . 2 gil_p Fuel_p gil_p
1 Inj_Cyl2 Setup . 3 Fuel_p
2 Fuel_p Setup

Image 19 Additional channels

For example, if an injection signal is applied and the Number of injections (events) is set to 3, the trigger level for start trigger is set to 2V, and the
end trigger level is set to 1V, the each time the ignition signal crosses 2V it will return the angle position, related to the cylinder where it is applied
[deg]. The same is true for the end of event: if the signal crosses 1V (neg. edge) the position will be returned [deg].

+ Cylinder 1 (Reference) J 'y
Deactivation source
= Pressure channel p_Cyll
Activated hd 1 i
. Ignition misalignment 0,000 No. of events Start window [°CA]  End window [*CA] Result Unit Used
3 -60 o0
Cylinder deactivation Activated I—I Event start angle deg Used
Correction principle = Start trigger level Start trigger edge g :
i olor Event
Thermodynamic w Positive = vent end angle ] Used
Sett Settings = - i
Fastref. pont P TR ngs End trigger level End trigger edge Event duration deg Not used
‘-IUU ‘ oca |-65 och “ Zero level correction I 1 Negative ~ Event duration ms Not used
Type Thermo Duration of all events in cyde deg Mot used
4 Additional channels Duration of all events in cycle ms Not used
@ @ | [use level correction
. 1 Inj_Cyl1 No. of events per cyde - Mot used
D Channel Sety o 7 oil_p 0 -360 Total no. of events - Not used
il Inj_Cyl1 I 3 : o
2 Qil_p Setup
3 Fuel_p Setup

Image 20: Additional channels setup

In a real measurement, you can set trigger level values based on easy pre-measurement - simply start the measurement in Measure mode and
observe the signal values for each injection channel. Then return to CEA set up and rewrite those values in trigger level fields.

Cylinder overview

For each cylinder the corresponding pressure channel needs to be assigned from the channel input list. Also the ignition misalignment relative to
the reference cylinder needs to be entered in degrees.
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Selacted cylinder settings Cylinder overview
- — — - - - - - .|
Deactivation source
- Pressure channel p_Cyll p_Cyl2 p_Cyl3 p_Cyl4 p_Cyls p_Cyls p_Cyl7 p_Cyl3
- Ignition misalignment 0,000 630,000 450,000 180,000 90,000 360,000 540,000 270,000
fion principh
Thermodynamic -
First ref. point Second ref. point
|-1nu ‘ ) |-65 ‘u Pl Zero level correction
= Type Thermo Thermo Therma Thermo Thermo Thermo Thermo Thermo
Additional channels
Pl Additional channels

®

o | Channel | senp |

Image 21: For each cylinder, the corresponding pressure channel needs to be assigned
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How to setup the Angle Sensor?

The sampling type of the Dewesoft CEA is always a time domain. This has the advantage that all time-domain related functions are not influenced
by changes in the sample rate due to shaft speed, and will stay the same. For example a power calculation is only working in the time
domain (fixed sampling rate). Of course CEA is still calculated in angle domain, so the CEA time-domain data are always
recalculated into the angle domain.

The required high calculation power for recalculating time-based signals into angle based is spread over all available CPU cores of your PC.
Angle sensor setup is done in the Encoder settings tab as it is shown on the image 22.

cEAL | 4 Used | |sewp o rename N

Engine settings

Encoder type Connected to Resolution Upper frequency [RPM] Resampling type

60-2 (Analog) ~| |60-2 (. 1 deq.; 360 pfrev ~| 16667 Filtered ~
58-2

Trigger offset No. of cydes Thermo. loss angle  Cylinder for detection TDC detection

[s0,000 “ca 120 | for 1 v start

Method: Dewesoft v2.0
L]
Show PV graph preview

PV graph axes
logog ~

Puses [60  |hev
Speed RPM

Image 22: Encoder settings

Sensor types and angle resolution

Nearly any angle sensor type is supported. For getting the relation to a fixed angle position the sensor must support a fixed angle mark. The drop-
down list will automatically show all suitable sensor types from the counter database as it is shown in image 23.

Encoder, Geartooth with zero (CDM+TRG), Geartooth with missing teeth, Geartooth with double teeth are the only sensors allowed for CEA.
Tacho or a gear tooth without zero cannot be used.

T+

Error: Trigger channel is not selected.

Engine settings Result definition
Encoder type Connected to Resolution Upper frequency [RPM]  Resampling type
Encoder-3600 w w 1 deq.; 360 pjrev ~ | 16667 Filtered -

Encoder-360
Encoder-512
Encoder-300

Encoder-1024
Ezigd:;—lsﬂﬂ cycles Thermo. loss angle  Cylinder for detection TDC detection

60-2 (Analog)
36-2 (Analog)
CDM-360

CDM-720
WTP-1000

| |07 | It ~ Start
: Dewesoft v2.0

Image 23: Selecting proper encoder type from a drop-down menu
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The most commonly used sensors are predefined in the Angle sensor setup. But if a used sensor is not available in the list, it can be added in
the counter sensor editor of Dewesoft X software.

To add a new counter sensor click Options -> Editors -> Counter sensors and you will enter the Counter sensors editor as it is shown on the image
below.

44 Counter sensors editor O X

‘O @o A

| Geartooth with missing teeth v] Signal type Signal fiter
| Analog voltage ~ | | Sps o |
Garlodl satup Signal edge Default trigger level [V]
Offset from zero pulse |Posiﬁve » | o5 » |
CE L

@
Secbor‘ #Teeth | #Gap Angles [¥]
| 2| = | =

Image 24: Counter sensor editor

Press F1 after opening the Counter sensor editor to get further information on how to define sensors. This will open automatically the online
help.

After the sensor type is selected, we need to define where the sensor is connected to.

Only input channels which are selected as 'used' (switched on) can be selected. Sensors with signal type ‘analog' can only be connected to
analog input channels. Sensors with signal type ‘digital’ can only be connected to counter input channels.

Under properties, the fine adjustment for the angle sensor must be done. In the case of analog sensor selection, the trigger levels can be precisely
adjusted. First the trigger edge is defined, according to the signal. Also trigger and retrigger level is set. It is recommended to use the retrigger level
to avoid false triggers. False triggers will disturb the CEA operation, and cause incorrect angle information.

Retrigger: After a trigger occurs, the retrigger level must be crossed, so that the trigger is armed again. Thus noise around a trigger will not cause
any false triggers.
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£\ Angle sensor math setup O x

Q Sensor type Trigger edge Trigger level

60-2 {Analog) ~ MNegative ~ I Find

Pulses count: 60
Retrigger time [2‘ Retrigger level
Bypass ~ 2,44

Angle data Frequency Hz || Lower frequency limit I:I [Hz]

I:‘ Frequency

<= 60-2Trigger

Name |50-2!Trigger

Description |—

e S
[Previevs | values |

Max value 2-

Max 1-

RMS 0,1278 - e —
Average 10,0166 -

Min - _Ee&—
Min value -1-

1| |-

Cancel

Image 25 Finding a retrigger level with Angle sensor setup located in the Math module

Take care about the correct trigger edge. The difference between the available options is shown below.

Sensor type Trigger edge Trigger level Sensor type Trigger edge Trigger level
60-2 (Analog) ~ Positive Lo _D,S Find 60-2 (Analog) ~ Negative - 0,5 Find
Pulses count: 60 Trigger edge direction is wrong. Pulses count: &0
Error in gap detection Retrigger time Retrigger level Retrigger time E| Retrigger level
Bypass v 2,44 Bypass v 2,44

Image 2&: Trigger edge determination

If a digital sensor is selected, the property will open the counter channel setup of the sensor. This is convenient, because you can define the
trigger: e.g. you can invert the signal input or apply an input filter to avoid double triggering.
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Key technologies: supercounter

Sample clock

Analog data

Counter data

|deal counting
Supercounter [0.7

Image 27: Dewesofl Supercounter is interpalating counting values for every sample so resulls can be more precise

The next step is to define the target angle resolution for the combustion analysis mathematics. The Upper frequency is limited by the selected
resolution and the dynamic acquisition rate in the Analog channel setup.

Encoder type Connected to Resolution Upper frequency [RPM]  Resampling type
60-2 (Analog) | B0-2 w1 ... 1 deg.; 360 pfrev ~ | 16667 Filtered ~
58-2

Image 28: Selecting resolution and resampling type

Take care of this limit to avoid aliasing effects by the re-sampling algorithm. As a Resampling type, an unfiltered method can be selected which is a
linear interpolation from the time to the angle domain. The filtered type is based on an FIR polyphase decimator with a filter frequency of angle
resolution * 2 to avoid aliasing effects in the angle domain data.

TDC Detection

Top dead center detection is used to shift the reference cylinder pressure to 0 deg. The offset between angle sensor zero and the TDC position of
the reference cylinder is called the trigger offset. This can be entered manually, or it can be measured.

If you don't choose the reference-cylinder as Cylinder for TDC, then the ignition misalignment value in the engine setup table will be adjusted to
the measurement value. This adjustment can be performed for all cylinders at once as well.

Image 29 shows the angle offset of a not fired engine (cranked).
For automatic TDC detection (Start button), the no of cycles has to be entered. CA will measure the average offset of the set of cycles

automatically. The Maximum pressure will appear before the real TDC of the piston, which is caused by thermodynamic losses and blow-by. That's
why the measured value is corrected with the thermodynamic loss angle.
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Trigger offset Mo, of cydes Thermo. loss angle  Cylinder for detection TDC detection

o <A 120 [ 1 ~ Start
Method: Dewesoft v2.0
L
Show PV graph preview
PV graph axes
logHog ~
Pulses |B(] frev

Speed |1686,1 |RPM

Cydes |76

PMax  [25,4  bar
aeMax (98,0 “cA
IMEPR |9,5 bar
MEPg (10,0 bar
PMEP  [40,5

Image 2% Encoder settings without TDC detection

After TDC detection is finished, the average value (which includes the Thermodynamic Loss angle) will be set automatically for the trigger offset.

Trigger offeet Ne. of cydes Thermo, less angle  Cynder for detection TDC detection  Min Max Std TOC offset Cyde
58,275 <A [120 | o7 ] [x v sart | [m7  |[wa7 ws | ;3 o |
Method: Dewesoft v2.0

[ Show PV graph preview
PV graph axes
log-og e

Image 30: Finished TDC detection in Encoder settings

The example above was using the installed pressure sensor to measure the TDC. This is a very convenient and fast way of doing it. The only variable
is the thermodynamic loss angle.

Basic measurement results are shown on the right side for a short check if the settings are correct.

Instead of a pressure sensor, a TDC sensor can be used. The TDC sensor must be connected to an analog input and assigned to the reference
cylinder in the CEA setup. The thermodynamic loss angle must be set to 0, and the automatic TDC detection can then be started again. After the
measurement, the pressure channel must be set in the CA setup.
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Analog in CEA
- Cylinder 1 (Reference)
. Pressure channel TDC_sensor
= Ignition misalignment 0,000

Image 31: Using a TDC sensor which has to be connected to an analog input and assigned to the reference cylinder
in the CEA setup
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How to define the Results?

There are plenty of options that can be used when it comes to the Result definition for CEA inside Dewesoft X as it is shown in image 32. Detailed
channel list overview and their description is available in the Combustion analyzer manual, chapter 7.3. Channel overview on page 25.

CEAL | +

| Engine settings | Encoder settings | Result definition |

Toggle outputs
+ | Group name | Current val. | Running avg. | COverall ava. | Cylinder avg. | Engine avg. | Setup |
4 Acquired signals
a Pressure channels Unused Unused Setup
s Additional channels Unused Unused Setup
4 Standard calculations
s Maximum pressure Unused Unused Unused Unused | Unused | Setup
o Compression curve Unused Unused Unused Setup
a Palytropic coefficdent Unused Unused Unused Unused Unused Setup
o Rise curve Unused Unused Unused Setup
a Maximum rise Unused Unused Unused Unused Unused Setup
s Mean effective pressure Unused Unused Unused Unused Unused Setup
= Work Unused Unused Unused Unused Unused
= Power Unused Unused Unused Unused Unused
o Torgue Unused Unused Unused Unused Unused
a Thermodynamics 1 Unused Unused Unused Unused Unused Setup
o Thermodynamics 2 Unused Unused Unused Unused Setup
a Temperature Unused Unused Unused Setup
s Knocking {transient) Unused Unused Unused Unused Unused Setup
a Kniocking Unused Unused Setup
4 Two stroke calculations
o PComp/PScav Unused Unused Unused |
a Blowback Unused Unused Unused Setup

Image 32: Result definition in DewesoftX

For every Group name - Acquired signal and Standard calculations, different values can be used for calculation and different types of averaging can
be enabled:

Calculation value type Description
Current value Values calculated from the current pressure curve, for each cylinder individually calculated from the average.

Running average cycles calculate the mean value of the last "n" cycles. This basic statistic is calculated both for
pressure and for the Additional channels of each cylinder. The result is a vector with the angle as a reference.

Values calculated from the average pressure curve of all cycles since start of measurement, for each cylinder

Running average

Overall average

individually.
Cylinder average Gives one average vector for each cylinder separately for the complete measurement.
Engine average Calculates the current average value of all cylinders together.
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Engine average

R

Current

Image 33: Definition of calculation value types
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Which Result Calculations can be made?

In Result definition from the previous chapter 'How to define the Results?' it was seen that there are plenty of different calculations that can be
applied as a result. The following section will introduce all the calculations that can be used inside Dewesoft X.

The Group name column from the image 32 in Result definition tab is divided into three groups:

e Acquired signals, which are by default selected as 'used' for calculation

‘ Current val, |Rm1ningavg‘ | Overall avg. |Cyhnderavg. ‘ Engine ava. | Setup ‘

Unused Unused
- Additional channels Unused Unused

Image 34: Acquired signals in Result definition, where you can also define the Running average Cycle count
for both channels

e Standard calculations that are totally optional for result definition.

- Standard calculations

o Maximum pressure Unused Unused Unused Unused | Unused |

a Compression curve Unused Unused Unused Setup
s Polytropic coefficent Unused Unused Unused Unused Unused Setup
o Rize curve Unused Unused Unused Setup
a Maximum rise Unused Unused Unused Unused Unused Setup
s Mean effective pressure Unused Unused Unused Unused Unused

= Work Unused Unused Unused Unused Unused

= Fower Unused Unused Unused Unused Unused

o Torgue Unused Unused Unused Unused Unused

a Thermodynamics 1 Unused Unused Unused Unused Unused Setup
s Thermodynamics 2 Unused Unused Unused Unused Unused Setup
o Temperature Unused Unused Unused Setup
a Knocking Unused Unused Unused Unused Unused Setup

Image 35: Standard calculations options that can be used for calculation

e Two stroke calculations that are available only when two stroke engine is selected in engine settings.
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Setup
Unused | Setup

Unused | Unused | Unused | Unused

Unused | Unused |  Unused

curve

Polytropic coefficent

Unused | Unused | Unused | Unused | Setup
Unused | Urused | Unused | Unused
Unused | Unused | Unused | Unused
Unused | Unused | Unused | Unused

Mean effective pressure

Torgue

Unused | Unused | Unused | Unused | Setup

1

2

Temperature
Knocking (transient)

Unused |  Unused | Unused | Unused | Unused | Setup

Image 36: Two stroke caleulations
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How Thermodynamic is defined?

There are two types of thermodynamics calculations that can be used.

Thermodynamics 1 is the basic thermodynamic calculation that was implemented in the first CEA module and it was available in previous versions
of Dewesoft X. Now it is basically only used for a relevant comparison in case you obtain some older results. While Thermodynamics 2 is an

upgraded and advanced thermodynamic calculation algorithm that is now used as a primary tool for such calculations in Dewesoft X.

Thermodynamics 2 and Temperature calculation are closely related, so when clicking on Thermodynamics 2 Setup button, the settings for
temperature calculation will also pop-up as it is shown on image 37.

Engine settings | Encoder settings | Result cefinfion

+ Group name Currentval. | Rumingavg. | Overallavg. | Cyinderavg. | Engineavg. | Sewp Start angle End angle Step ()

-30 °CA |30 1
B Acquired signals ‘ J ‘ e | o
pressure channels Used Unused Unused setup Wszrre it TQurit TLunit
e R
Additonal chanmels Used Unused Unused Setup
s Standard calaulations
Gas mass (effident) Intake pressure Intake temp. Vel, effidency
Maximum pressure Unused Unused Unused Unused Unused ~
0,5 P |bar [0 | s
Compression curve Unused Unused Unused Setup [ Calcutated [IMeasured
Polytropic coeffident Unused Unused Unused Unused Unused Setup
Rise curve Unused Unused Unused Setup
s
Maimum rise Unused Unused Unused Unused Unused Setup
e steciemmors | tnaed | tnwed | unsed | mea | uemd o —
work Unused Unused Unused Unused Unused 5 oA
Power Unused Unused Unused Unused Unused o ==
Torque Unused Unused Unused Unused Unused = a
Thermodynamics 1 Unused Unused Unused Unused Unused Setup
0 <
Thermodynarics 2 Unused Unused Unused Unused Unused > -
x “CA
Temperature Unused Unused Unused >
Knodking Unused Unused Unused Unused Unused | Setp

Image 37: Thermodynamics 2 and Temperature setting are related

There are a few settings that can be defined in Thermodynamics 2 and Temperature result definition:
e Thermodynamics 2 is defining pressure derivative together with the heat release:

Setting Description
Start angle [A°CA] For setting up the Heat release calculation the start and stop angle of the crank
End angle [A°CA] must be defined. The typical range is from -30A° to +60A°. An earlier injection start

angle must be set according to the real injection point.

The step input field defines the calculation width: e.g. Step 1 means the calculation
is based on 1 sample (or angle resolution value). A higher value smooths the result.
For more information please refer to manual, chapter 11.4.1 Heat release TQ on page
80.
Heat release creates several output channels with angle values for certain amplitude
values - 5, 10, 50, and 90% (called 15, 110, 150, and 190). Additionally, we can define
one user point called IXX where the XX is the percentage value of the heat release
defined here.

Steps [samples]

User point [%]

TQ unit
It is a unit for a heat release. We can either have the physical unit for the heat release
or have it expressed in percentage:
¢ kJ/mA3/deg - related work[kJ] to TmA? per 1deg volume is related to Vs = swept
T unit volume
e % - scaled to sum of 100% (integrated signal =100%)
¢ J/deg - related work[J] per 1deg

e Temperature:

Setting Description
Gass mass
Intake Pressure

Intake Temperature For the Temperature calculation, the gas mass is required. This can be either
manually entered, or calculated.
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e |f from Calculated is used, the intake temperature, intake pressure, and also
the volumetric efficiency (0.9= 90% filled) must be entered.
¢ If measured is selected, the intake pressure is measured from the zero point
Volume efficiency corrected high-pressure curve.

For Pressure derivative, the start-angle, the stop-angle, and also the step size must be defined.

Start of combustion (SOC), End of combustion (EOC), and also the Mass Fraction Burned (MFB) points 15, 110, 150, 190, and IXX (User point) are

calculated if heat release is activated:

e Depending on fuel type (Diesel/Gasoline) which have been selected in the engine setup SOC is defined differently (refer to manual, chapter
4.1 Engine Setup on page 9):
o Gasoline where MFB = 5%.
o Diesel where MFB crosses 0%.

e Burned mass fraction is calculated out of integrated heat release TI. The maximum of the integrated heat release corresponds to 100%, and

the angle positions for 15%, to 190%, are extracted.
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How Knocking is defined?
Theory of knocking
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Image 40: The high-pass filtered signal can be extracted and visualized in a recorder display, immediately reflecting the pressure

transients of the previous cycles
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Image 41: If the pressure curve is very noisy, or a spike (caused by some external electrical signal) is present, the maximum value

extracted out of the high-pass filtered signal shows high values, which are not related to knocking
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Image 42: Integration before and after maximum pressure will determine the Knock Factor

32



To Qrevent this, the inte%ation can addEio ally be d?ne t?jefore the
max|mum pressure, so that the results before’and after the
mMaximum can be compared.

IN Tknock
IN Tre ference

ck Factor - KF will give a weighted result related ta knocking.
w}%out anrygnocﬁlngvpg sent tgéq KI—E lqs ro nd? .erﬂe Inte raw?n
windows (reterence window; knock win OW‘S will separate at the
average maximum pressure position.

Ep%gxgsrgg!ﬁe%érgiag%%lﬁrgesd QWS the pressure curve blxe) and th

KnockFactor =

ated

in the dia r_amattH fop. And then, t
m ﬂheu(rjglgﬁssuriﬁzracted Prom %e%gh—passeﬂ}tered S|gnaﬁrlred?

égth maximum qgra
T et

e detected In efther way as long as no spikes are present.

EI:‘;. '9.... ____’J,____
s / S
%L‘: % I // \
e W T
= = J_,—/ - r...na.f.m.j H‘hhl"rni'llrlﬂ'l‘fr'lﬁ'ﬂh\-\‘.hhlv#n»mmw._

__________________ | ___B?':_"'__-__"_______T________"'__'__'_|
| { ' ! '.
1 1 | |
1 ] | |
——————————————————— o ] —]
— I 1 ] I
] 1 ] ]
: ] ] ! |
- I R A L Vo v '
|
38 I LA A : : :
I 0 W S I A A _
\\ l,(? K. 1 ‘\, / ] \‘ ]
i AN A Y "r \' H o N A :’l\ -f A :

- # h -~ % -l Y ,J, Y "\/ A\ -I ,
of |t T P s o, SR b O S, s ——|
1 1 1 1
| H i i
I 1 | |
———————————————————————————————————————————————————————————————————————————— —
1 1 | |
1 1 | |
i [ )
] 1 ] |
___________________ e I |
1 1
1 1 1 1
| i ] |
................... IS IV S | (PR IS A WU A WO I G
- T : :

[ A -

. w | L i [ — | ] ——|
] 1 1 1
| l l |
289653 289736 289943 250088 29023 .3 r$

Image 43: The example shows the pressure curve [blue) and the high-pass filered signal {red) in the diagram at the top. And then, the

maximum pressure extracied from the high-pass filtered signal {red) and the calculated KF (orange).
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Image 44: Some cycles before, we can see an errar spike (red curve). While the maximum of the filtered signal still shows a peak here,

the KF algorithm does not indicate knocking at all, and the value cbtained is close to 1
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Image 45: Dewesoft X provides robust knock detection

Set up the Knock detection algorithm (Mannesmann VDO AG)

The previous chapters have described which signals can be obtained from the knock detection algorithm:

¢ HP filtered pressure signal,
e Maximum value of HP filtered pressure signal and
e Knocking factor.

On image 46 you can see the settings for the knock detection calculation.

Low-pass filter High-pass filter Moise threshold
Ca— e ] o5 o
Reference signal window width Knodk signal window width

O —

[ shift reference window

Speed

S I
S

Image 46: Knock detection settings
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Low-pass filter

High-pass filter

The reference window and the knocking window are separated at the maximum pressure point (red curve), without the
influence of noise or already present knocking peaks. A running average filter is used here, with setup taps corresponding to
the angular resolution. If the angle of the CA is set to 0.2 deg and 40 taps are used, we get a moving average window
(smoothing) of 40*0.2 deg= 8 deg.

Out of the filtered (smoothed) curve the maximum pressure position is the knock and reference window separation position.

e Recommended value [deg]: 4-10 deg. Info TAPS = deg/angle resolution!

101

758

CADIPZyl4_Pressure; [bar]
505

253

Image 47: The reference window and the knocking window are separated at the maximum pressure point (red curve), without the

influence of noise or already present knocking peaks

Here the high-pass filter frequency is set in Hz. The pressure curve is high-pass filtered (blue) and the result can be shown in
the CA-Scope. The channel is named CylinderChannelname/KnockHP.

e Recommended value [Hz]: 5000 Hz

[bar]

CADP_ZYL4MnockHP;

v

)
o

[bar]

CAQP_ZYL4Pressure;

100

50
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Image 48: The pressure curve is high-pass filtered (blue) and the result can be shown in the CA-Scope
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Noise threshold

For the Knock Factor, the quotient of the integrated signal of the Knock window, and the Reference window is obtained. If the

pressure value is lower than the specified threshold, then the threshold value will be used for integration. This is done to
reduce the influence of different base noise levels between the reference window and knocking window.

o Recommended value [bar]: 0.7 - 0.5 bar

3,75

\ [bar]

CADP_ZvLAMnackHP;

125

25

CADP_ZIYL4/Pressure, [bar]

100

st et et

Image 49: Moise threshold

37



The width of the reference window and the knock window is defined here. It is recommended to set both windows to the same
length, so the noise threshold is set to a reasonable level and the KF value will be about 1 without knocking. If the window
sizes are set differently, the base value without knocking is the quotient between the two window lengths.

reference window size [* CA] knocking window size [CA] knocking factor KF, base value
30 30 1

60 30 0.5

3 60 2

Image 50: KF base values are dependent on reference and knocking window size
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Image 51: Knock and Reference interpolation

At higher RPM, it can happen that knocking already starts before maximum pressure. In this case, part of the knock signal will
fall into the reference window area, which reduces the knocking factor value. To avoid this, the knocking window and the
reference window can be shifted according to the actual engine speed.

Shift reference ~ -
window With the above settings the window is shifted at 6000 rpm by 10A° CA (or 5A° CA at 3500 rpm). If any knocking before the

maximum pressure point occurs now, we don't get an increased KF reading, as no knocking leaks into the reference window
when shifted correctly.

Background information about High-pass filter:

The cylinder pressure channel is already present as an angle domain result. So the time between the samples varies with the engine speed. Since
we need to set the high pass filter cut off frequency in Hertz, a conventional IIR would not work.

The high-pass filter is created from a moving average window with a specific width, which is subtracted from the original signal, and (as for all
filters) a minimum sampling rate is required for the filter to work properly:

SampleRate,|Hz] > Frequencymignhpass + 4.5

With the high-pass filter set to 5000 Hz a sampling rate of at least 22,500 Hz is required. With an angle resolution of 0.1A° (3600 pulses per
revolution) we need 375 rpm to get to this sample rate.

. _ SampleRate| Hz| _ 22500
EngmeSpeed[rp m] " PulsesPerRevolution-60 ~ 3600-60 375

In the table below the minimum engine speed is shown depending on resolution and a set HP filter of 5000 Hz.

resolution [A°CA] HP filter [Hz] Min. engine speed [rpm]
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0.1
0.2
0.4
0.5

If the engine speed is lower than required, the HP filter will be set to a lower frequency until the minimum engine speed is reached!

5000
5000
5000
5000

375
750
1500
1875
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How to change the default Channel names?

The channel names continuously created are default names created by the CEA math module. They can be changed afterward as well by entering
the channel or sub-channel list as it is shown in image 52. Some default names can even be customized by changing the engine template. Please
refer to the Combustion analyzer manual, chapter 8 Customizing the CA-Module on page 71 for further information.

| Search Q,
+ Used | C | Name M0 | Value

5 CydeCnt 0,00 | I 788,5 | s000,00
- PMax_eavg 0,00 |, 24i539 ®a) spo0 | bar
. APMax_eava 2500 |, 19,688 : {dea) | 2500 | deg
. PulseCnt 0,00 |, 72‘.’10 | 1240,00
: Speed 0,00 |, : 1708 {rem) | 10000,00 | rpm
. Time 0,00 | 1597,513485 (S}I 600,00 | s
- PCarr1 500 |, o856 G2 500 | bar
. voll 0,00 |__.xnndNERRRNNNONNRNNONaae- _—coannnRRRRRONNDRONNRRG..__| 061 | dm3
= PCyl1_oavg 032 | | ;|82 bar
B TDC Pressurel o0 | ___ | 100,00 bar
a PCyl1_ravg 032 —anlllna | me2 bar
. PCyl1 032 | . | =92 | bar
s Speed1 000  |gEEEEEEENEEENEEEENANENNNENNNNNNNNNNNNNNNNNNNNNNNNRNNRERN | 3000,00 | rpm
: PMax1 0,00 |, 24,145 G2 sp00 | bar
. PMax1_ravg 0,00 | 24,605 ba)| sp00 | bar
- PMax1_oavg 0,00 |, 24i538 ®a) spo0 | bar
: PMax1_cavg 0,00 |, 24rl737 ®a) w00 | bar
. APMax 1 2500 | 15,500 > (@20 3500 | deg
: APMax1_ravg 2500 | 15,000 ; (00| 2500 | deg
. APMax1_oavg 2500 |, 18,000 ; {dea)| 2500 | deg
: APMax1_cavg 2500 | 18,076 . (00| 2500 | deg
. KHP1 poo | | s v

Image 52: Changing channel names in the CEA module
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How to setup a channel for a Combustion Noise?

The CEA module of Dewesoft X calculates all relevant results for combustion analyzing as described. However, some applications or
measurements need advanced calculations not supported directly inside the application mathematics module. For this we can use the complete
mathematics toolbox of Dewesoft X to get the desired results.

This chapter will explain the Combustion Noise feature and give a short overview of the statistics.

NOTE: Those are only two of the many features that Dewesoft provides.

Theory of Combustion Noise

Combustion Noise measurement is used to calculate external noise from an internal combustion engine, using cylinder pressure. In other words,
the cylinder pressure (explosion) causes an external noise.

The CEA Noise must be calculated in the time domain. First the value is scaled from bar to Pascal. This is followed by the U-filter, which simulates
the transfer function of the engine (1. and 2. filter in the overview). Optionally we can use the A filter (human hearing filter) to determine the human
perception of the noise produced by the engine.

P/Q

dB dB dB
Q v v v V |rus
S INISITAN S 1 T et

log freq log freq log freq [dBA]

2

1. Filter 2. Filter 3. Filter

Engine Chamber Human
structure resonances hearing

Image 53: Fiters used for Combustion noise

Setup of Combustion Noise

The CEA Noise is a part of the basic mathematics functionality of DewesoftX. Open the Math module -> Add math -> add Combustion noise. A
screen similar to the one on image 54 should have opened.

Like for any other mathematics we need to select the input channels (on the left side), perform the configuration using the A filter, and finally define
the output channels to be calculated and stored to the data file.
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£\ Combustion noise setup O x

Search Q | U fiter A filter

50-2 -

e - (£

lp 2
- E 3 [ weighted raw [ overall value Interval value

~|p 5

~|pB
|p 7
~|p 8
Channel_or
Channel_ed1
CydeCnt v

Outp
Name |p 1/CAnoise_t |
Description |- |
. s [

Max value 120 dB

Average -34,33 dB

Min value 0dB — B

Tem.:lahes| V|| Save |

[+][-]

oK ||::anoel

Image 54: Combustion noise setup window

The input channels have to be scaled in bar or Pascal! Unit conversation to Pascal for the Weighted raw channel or dB for the Overall and
Interval values is automatically performed by the CA noise module.

The formula for calculation from Pascal to dB unit is:

SoundPressure[dB] = 20 - loglﬂw

Depending on the configuration for each input channel up to three output channels are available:

e Weighted raw: The result is a time-domain signal with applied U- and optional A- filter and converted in Pascal, in the input unit is bar.
This result can be further analyzed in the Sound Level Meter.

o Overall value: The result of CA noise over the whole measurement in [dB]. At the end of the measurement we will get one value,
which is stored.

¢ Interval value: here the CA noise is calculated in intervals. It is recommended to set the interval so that at least 1 or 2 cycles are

included. Here only the lowest rpm has to be considered. At 600rpm ( = 10Hz = 100ms) at least 0.2 sec should be set for a 4 stroke
engine to get stable results.

The frequency range of the U-Filter and the A-Filter is around 20 kHz. So please take care that the dynamic sample rate is set to 40 kHz or
higher.
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How to use the Statistics Calculation for CEA?

Basic statistics setup
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Image 55: Setting up the Basic statistics for the CEA channels
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The final step is to define how the statistic result is stored. You can choose between:

Block based: One result after each block size

¢ Running: Calculation over the moving window

¢ Single value: One result of the complete measurement

Triggered blocks: Calculation between the external trigger events
Start-Stop blocks: The block start and the block stop can be defined based on external events.

% o r%%u I(aﬁmeed Moreover

The example on image 56 shows the settings for the statistics calculation between cycle 10 and cycle number 50. Any channel can be used as an
input channel and also various trigger conditions are available.

4 Basic statistics setup m| *
Input Output channels
pma ] [COrms [Jreak [ minimum [ variance
| PMax1 A [ quadratic RMS [ reak-peak [ Time of minimum cov
7 (rEeTs Mmoozt [E= W= e
APMax2 Median [ 5um [ Time of maximum
PMax3 Calculati
APMax3 o
PMax4 e
P
ax.
APMax5 Time based Sample based
PMaxa
APMax6 v Start trigger channel Stop trigger channel
5P| ldowmnr
|cydecnt v | |cydecnt ~|
< PMax2[AVE Block based
Ca—— e <] Mok et~
Positive e Positive ~
Name |PMax2/AvE | Runming | | | |
- | s [] e
s coor [
e——— Single value
- o
Max value Sobar ——— A A
+ 4+ 1risstRs TRIG. TRIG.
Max 0 bar Triggered blocks
Average 0 bar
Min 0 bar TS N 1T
ETRRT STOF
Min value 0bar —— Start-stop blocks
Templates | TN uitifile <cttings
B [Reset on file start
o] [ e |

Image 536: An example of basic statistics calculation between cycle 10 and 50

Basic statistics of Angle domain data

The example settings on the image 56 are based on cycle-based data: one value per cycle. The basic statistic can also be calculated from angle

based data. For example the maximum pressure curve over a defined number of cycles.

For the angle-domain data statistics and the cycle based statistics you can use the same setup. The only difference is that the output channels of

the angle based statistics are vector channels. In the left bottom of the screen, you can see different previews according to the data-types. The

cycle-based channels show a value and the angle domain-based shows a data curve (of the vector channel).

You can also mix different input channel types in one statistics module: time domain, angle domain, or cycle-based data. The statistics

mathematics will always use the correct output channel types for the corresponding input data types.
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4% Basic statistics setup

Peyl (3] |:| RMS |:| Peak |:| Minimum I:‘ Variance
[ ouadratic RMS [Creak-peak [ Time of minimum cov
Average [crest factor Maximum []5tandard deviation
Median [15um [ 1ime of maximum
Time based Sample based
EBlock size Overlap definition
[FFAH) MDVERlﬁP
~ zamples in percent L
- PCyl1/AVE . Block based
)%'r:" Overlap
[u] ~ |
M PCyl1/AVE
ame | viL/ | Running
Description | |

ll

Single value

m Values | X axis
263 S

S e o T H

Triggered blocks
START ETOF
= = = Start-stop blocks
+|[- [JReset on file start

concl

Image 57: Dulput channels of the angle based statistics are vector channels

Array statistics

For analyzing angle domain data the array statistics can be used. Array statistics can be added in the Math module -> Add Math -> add Basic

statistics. The screen similar to the one on image 58 should have opened.

This module accepts only input channels as a vector type (angle domain data). The output is always a single value calculated for each vector. So

using the array statistics on CEA data, the result is always a cycle based value.



A\ Array statistics setup

cyl

® I Mimirum Maximum [ average

PCyl3
PCyl4
PCyl5
PCyla
PCyl7
PCyla
PCyl1/AVE
PCyl1/MAY
PCyl1jCov

] PCyi
o —

[ 5um

|:| Variance

Index of minimurn [index of maximum

Mxis position of minimum [ Axis position of maximum

Selected area  (#) Full () Custom

Name |PCyI2,|fMaximum |

Description | -

Units
[ Previev: | valves |

Max value

Max
Average

Color

28,84 bar —————

26,02 bar
26,02 bar

index

Min 26,02 bar

Min value -0,3388 bar ————

+ -

Cancel

Image 58: Array statistics output is always a single value calculated for each vector

Array mathematics

Another powerful tool for manipulating data from the CEA module is the array mathematics inside the Formula setup. Only array (or vector) data

are allowed as input channels. So this mathematics can be used with angle domain data from the CA Module.

This can be added in Math module -> Add Math -> add Formula.

4% Formula setup

Name |3l)deg |

Description | - |

I S

|Preview I Valuss I Time axis I X ais |

-}

232

"PCyl12' - 'PCyll’

"BCyl2'-'BCyll' {30}

273

Events
Functions

sqr
trunc

log2

+ -

Complex
Trigon.

sqrt

round

logio

Arr

div  mod

ays History

Logic  Signals

abs

rnd

In

sgn

exp

min

Ch props
Measure

TDC Pressurel
PCyl1
Speedl
PMax1
APMax1
PCorr2
Vol2
Speed2
PMax2
APMax2
PCorr3
Vol3
PCyl3
Speed3
PMax3
APMax3
FCorr4
Vol4
PCyl4
Speed4
PMax4

Cancel

Image 5% Formula setup with the CEA channels
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Below a short summary of the functions is described:

Function name

[l
{}

[0:1]

{N:M}
min
max
avg
sum

integrate
minind
maxind
minpos
maxpos

Description
'Data’[ldx] returns one value from array channel Data at index position Idx.
'Data'{Pos} returns one value from array channel Data at position Pos in axis units.
'Data'[0:1] returns a cut-out array of array channel Data, from index position N to index position M, where 0 is the first
value and 1 is the last possible value.
'Data'{N:M} returns a cut-out array of array channel Data, from position N to position M, according to axis units.
min('Data’) returns the minimum value of array Data
max('Data’) returns maximum value of array Data
avg('Data’) returns average value of array Data
sum('Data’) returns the sum of all values of array Data
integrate('Data’) returns integrated array of array Data
minind('Data’) returns the index of minimum value of array Data
maxind('Data’) returns the index of minimum value of array Data
minpos('Data’) returns the position in axis units of minimum value of array Data
maxpos('Data') returns the position in axis units of the maximum value of array Data

With the functions min, max, and avg we have the same functionality as the array statistics. But we have also access to a single data point of an

array when using []or {}.

The formula on the image 58 subtracts the value at -30A° of its vector:

'PCyl2'-'PCyl1'{30}

Or in other words, the additional CA channel is offset compensated with the value of -30A°.

It is also possible to cut data of an array:

'PCyl2'{-30:60}

As a result we will get a new array containing the data from -30A° to +60A°.
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How to Visualize the Measurement Results?

Automatic display mode
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Image &0: Automatic display configuration that is generated by CEA plugin
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pressure| ®

Image 61: Filter channels
for quick selection

Customizing displays

DewesoftX allows full customization of the measurement screens: i.e. you can add/remove and rearrange all visual controls to your specific needs.
The major visual controls for combustion analyser measurement are described below.

Please refer to the Visual controls Pro Training Course for more information about visual controls.

Overview of data types

Not every display can handle every data type. Different input data sources generate different data types. Different mathematic functions generate
different data types as well. Moreover, the result of mathematical functions may depend on the input channel type as well.

For example: the CEA module will use the time domain data as input and generate primarily:

¢ angle domain data aligned to the combustion cycle, and
e cycle-based data which holds one value per cycle.

Let's make a summary of the different data types with some examples of the sources and which visual controls can be used for the different data
types.

Scalar (single data points)

Scalar channels contain one single value per timeslot (i.e. in comparison to Vector or array channels, which contain multiple data values per time
slot). Depending on how they are acquired (or calculated), we divide these channels into three groups:

e Synchronous,
e Asynchronous, and
e Single value.

The most common channels, are the synchronous channels which are usually analog, counter, or digital input channels as well as simple
mathematical operations that depend on these channels.

Synchronous channels are time-domain data with equidistant time between the samples. The time distance is defined by the dynamic sample rate
(except for external clocking).

Asynchronous channels are for instance CAN bus or GPS data. But also mathematic functions can result in asynchronous channels. For example:

e the result of block-based mathematics, like the statistics output
e all cycle-based data from the CEA module (eg. MEPx or MaxPressure)

Single value channels contain only one single value per measurement. For example:

e constants, like header variable
e the output of mathematics like:
o Overall statistic calculations from the CEA module
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o basic statistics

For all of these scalar channels various visual controls are available in DewesoftX. Some examples are Digital meters, Recorder, Analog meter, Bar

graphs, and so on, ... XY-recorder can also be used to visualize this data.

Only synchronous data channels can be used inside the Scope or for FFT visuals. You can use basic mathematics to convert asynchronous
channels to synchronous channels but this is usually not recommended.

Vector or array channels

In contrast to the scalar data channel, vector channels (aka. Array channels) contain multiple data-points for each time-slot.

Examples:

e One FFT shot consists of multiple amplitude values - one for each frequency of the FFT resolution.

e Angle-domain pressure is stored as vector data - for each vector we get all pressure values over the defined angle resolution.
2D-Graphs are designed to display these data types. There are some special 2D-graphs dedicated to CEA:

e the Combustion scope

e the PV-Graph

3D-Graph allows you to display a history of these data channels (the time is the third dimension)

Matrix channels

Matrix channels are multidimensional vector channels. For example in a 2-dimensional matrix channel, each time-slot will contain an array and the

elements of this array are also arrays (which contain the data in the array elements).

The output of complex sensors like a Thermo-Camera is matrix. This data can be shown in a 3D-Graph.

CEA-Scope

The CEA-Scope can be used for all angle based data from the CEA-mathematics. The results can be shown from actual data, from running or
overall average, and as well from the additional channels.

Combustion PV-graph

The p-V graph (Pressure over Yolume) can show actual and averaged pressure data.
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Image 62 p-V graph shows actual and averaged pressure data

Standard display types

Cycle based results such as MaxPressure are calculated for every cycle. We get a single value every two revolutions for 4 stroke engines, and one
value for every revolution in 2 stroke engines.

Cycle based results can be shown in various displays. The common displays for cycle-based results are: Digital, Analogue, Bar, and Recorder.

r[l 6.3

Displays Recorder

|| Q All | Manage favorites

Meters
. Digital meter
@ Analog meter

I Horizontal bar
E| Vertical bar

Line graphs

|—- Recorder

I’—v Scope

Vector, matrix graphs

|_I_|_|]_[ 2D graph

l_ 3D graph

Frequency domain analysis
|_|_|__ FFT preview

|_[|_|_|_ Octave preview

More

... show &l

Image 63: Standard display collection

R
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How to Store the Measurement Data?

You have several options to start and stop storing:

¢ manually, and

e automatically with various settings of the trigger conditions.

Please refer to the Storing options ProTutorial for more information about storing.

When using overall averaged data (single value results of statistic), read the information in this chapter carefully. It is important to keep in mind
when the statistics calculation starts and stops! Otherwise the overall statistic results will not match the stored data!

Manual Start-Stop storing

If you want to manually start-stop storing, select the Storing type: always fast. Find the Storing settings on the location: Measure -> Ch. setup ->

Storing. You can start storing your data directly in the setup screen by pressing 'Store'. Or you can first go to Measure to first take a look at the live
data and then start storing whenever you like.

o EHE B @ W i

Store Save Save as Channels Storing Analog in Math

Mol

v + -

More...  Remove

| Project data files folder ~ | C:\Dewesoft\Data) ‘x
File name Stop storing

dxd [ stop storing after 2000 MB v

[Jcreate a multifile Make new file after

Storing type Static acquisition rate
|a|ways fast e | |Auho b | |5ec e |
[ start storing automatically Adjusted to 0,01 sec

Image &4: Choose the storing type

To stop storing, just press the Stop button.

Pressing Pause will stop storing the data. When you are in pause mode you have 2 options:

e press Resume to continue storing, and
e press Stop to end the measurement and close the data file.

In pause mode, the overall statistics calculation is not interrupted.

When you stop the measurement, the overall statistic values are stored in the data file. The illustration below points out this difference more
clearly. When you look at the graph you can see 2 marked ranges:

e The Stored data time: this is the time from the start of storing (when we have pressed the Store button) and when we have pressed
the Pause button).

e The Average calculation time: this is the full time shown in the graph:

after pressing Pause, the measurement still continues (and the statistics will still be calculated), but the measurement data will not
be stored in the data-file. But when we press Stop at the end, the value of the statistics will be written to the data-file.
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The overall averaged result (the green channel: Cyl/Ave/P1/MaxP) does not match the expected average of the data values (blue channel: PTMaxP)

within the Stored data time range (because the calculation continued after pressing the Stop button).

Image 65: Average calculation and stored data time

When you open the data-file in Analyse mode, the recorder will only contain the data of the Stored data time range and the average value will not

match the expected value (average will be calculated from store start to stop).

Pause will stop storing the data but will not stop the overall statistic calculation. Use the Stop button to terminate your measurement, if

averaged values must match the data file. Storing will always reset the overall statistic calculation!

When reloading this data file it seems now that average calculation is wrong because you can't see anymore the complete data set that was used
for the average calculation. To correct this it is possible to recalculate the complete the CEA-mathematics out of the stored data file again.

‘\ P Q Dewesoft X
= Measure Analyse Data files Setup Revie Print  Export
. - o r
> » = & | [ ? & + W
Play Speed 1k Mormal Sound Offline math | Auto recalculate Save Desian Widgets  Displays

Image &6: Press Offline math

Press Offline math, enter the CEA module setup, and change the calculation state of the module from Calculated to Offline.

q Dewesoft X = O W
Options

A
Ea Measure Analyse Review  Print  Export

B o ®m i &+ —
CE More... Remove
X

Channels Events Math CEA
CEA L | + Used ~ | Setup R Rename
sed

Result definition

Engine settings
Image &7: Enter the CEA module setup

Go back to Review and you can Recalculate the CEA mathematics. The overall averaged pressure channel now matches the stored pressure data.
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Press Save to overwrite the original stored CEA data inside this data file.

Q Dewesoft X

Analyse Data files  Setup Print  Export
= -
P » = W= | : B & + W

Play Speed 1x  Mormal Sound Recalculate | Auto recalculate | Save Design Widgets  Displays

Am

Measure

Image 68: Recalculate results

With Offline math you can modify existing Math modules and/or add new Math modules. For example inside the CA-Module you can add
channels like Heat-Release which were not stored during acquisition.

Storing a defined number of cycles

DewesoftX offers various trigger conditions for starting and stopping the acquisition. When you want to store a fixed number of cycles, then you
can use the Stop storing after XXX CEA cycles feature. In the example below, storing will be stopped after 100 cycles.

omHE H[alw i & + —
= —_ ME

Store Save Save as Channels Storing Analog in Math CEA Maore. .. Remove

|P‘roject data files folder w | C:\pewesoft\Datal 'x

Erap SHEm—

[ create a multifile Make new file after

Storing type Static acquisition rate
|dwaysﬁ:st V| |nuto v| |sec ~
[ start storing automatically Adjusted to 0,01 sec

Image 6%: Store a defined number of cycles

Start-Stop on channel condition

The aim of triggered storing is to store on external events. The start and the stop trigger can be any channel. Additionally pre-trigger and post-

trigger time can be defined.

Dewesoft X offers various trigger conditions for starting and stopping the acquisition. As described in chapter Manual Start-Stop storing we need to
take care of the calculation method of the overall statistics values to get the expected results.

For triggered start and stop storing, you must select the Storing type: fast on trigger. Now we have the possibilities to define Start storing and Stop

storing conditions.
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con s | Cowaurgoe  [3

[ create a multifile Make new file after

Storing type Static acquisition rate
|Fast on trigger ~| |auto v|lsee v
[ start storing automatically Adjusted to 0,01 sec

[IPre time [ Post time [ Holdoff time Post time extension [ cross trigger (send and receive netwark triggers)
- Send and receive stop trigger

Stop trigger setup

(@O  ston storing condvons @6

Simple edge on Time Simple edge on CydeCnt
. Setup
Trig=0s

Trig = 100
"Don't store” conditions @

Setup

Image T0: Triggered start and stop storing

Let's make one example when storing should be started if the maximum pressure is above 100 bar and should be stopped after 100 cycles.

Stop storing condition is channel Cycle count. As Mode we need Delta

Start storing condition type is a simple edge on channel P1/MaxP. amplitude to stop after 100 cycles.

Condition setup Condition setup
Sourca Trigger on Sourca Trigger on
Allchs  ar Math |Data v| Allchs  ar Math Data -
[] pcorrz ~ [] AriseMax4_cavg l\
[ Pcarr3 Value | Real data ~ CydeCnt Value  Realdats ~
[] pCorr4 [JEeocci
wote [sgeste — +] || Soetcm ot
[] PMax1_cavg [JEeocz
v e o] |85
[] PMax2_cavg X []eocs

= Trig level bar Delta level
[ pMax3 na [ EOC3_cavg
[] PMax3_cava [ Ecc4
[] pmaxa [] EOC4_cava
[ PMax4_cavg Lvl [] Frequency alvl
[ pMEPL A [ MePg1 TRIG.
[] PMEP1_cavg TRIG. [] MEPg1_cava
M rearnn N M rmarrmon N

Iimage 71: Start trigger condition Image 72- Stop trigger condition

This will already work (e.g. it stores only the data of the 100 cycles), but we also need to take care of the overall statistics. With the current settings,
the data-file will remain open after the 100 cycles and the overall statistics will remain active.

To avoid this, we can enable Stop storing after 1 trigger: This means that the storing will be stopped after 100 cycles and the DewesoftX data file
will be closed (and will contain the overall statistics for the 100 cycles). When the next trigger occurs a completely new data-file will be created.

With the settings above, the average channels are reset at ARM of measurement. So the Average channels will include the cycle value before the
trigger event occurs as well. If average values are required for further analysis, they must be recalculated in post-processing like described before.

ol
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How to Analyze Combustion Data?

In the Analysis mode of Dewesoft X you can load a data file and:

e review the data,
¢ modify or add math modules, and
e print the complete screen to generate a report.

For analyzing recorded cycles the yellow courser can be moved to browse through the cycles.

®

1205200 185810 12052000 - 5K

0,700

10000
241.6924

8.000

13,579

mage 73: Use the yellow cursor to move and browse through the cycles

Similar to the Measurement mode you can modify or add new Visual controls or Displays. All these modifications can be stored to the data file with
Save file changes

You can also load the measurement screen layout and formulas from another data file with Load display and offline math.

By pressing Edit on the right top corner a context menu is opened which gives you the possibility to copy the image or as well the data shown on

‘\ o] Q Dewes
L Measure Analyse Data fi

Save file changes L\}

the actual display to the clipboard or to a file.

Save setup to file...

Save data file as...

Load display and offline math

Use setup for measure
Exit

Image 74: Saving file changes
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= tarted

E Undelete topped

ll Copy to clipboard >
Widget as image Save to file.. Ik »
p¥idgetiqiopl=lnage Compress video to AVI oL
Display as image Q

= 5 AL

Widget data » & Math
Widget group data » =7 CEA 1

Export screen to AVl

Image 75: Save to file option which allows you copying data and images

If further analysis is needed, various export data formats are supported.



How to Export the Combustion Data?

Time-domain data

hen o enlng aC
roperties Is Set to Combustion
ex ortProgertlesm t be set 1o
Br sentati
tarseec% Qt%tr ormat su rts vecatcr)ersx rtecé?st?rr\qecttg e
Feggu Ps tF]e cyrcr:]enm%%he same |strue?c\gr aﬁ cyc?e— ase%

Bw,e Channel list %ivgsa uick overview of the channel type
imension) and Update rate (values per second

ombuBtion ana zerFata—ﬁle the default Export
tlzir. 0e %ortanme omain,
-ull speed data in the Data

)]

A = B Er——

Measure Analyse Datafies Setp Revew Print  Export

fies q .
% O B [1 v Command Channel filter Enable or disable
Denesoft Fie cxoort Flexpro MSExcel Clipboard|| Export Channels

Export type
File formats

P Name Samping [E] Rate | Datastr.. [E Datatype | Ut | Minvalue | Maxva.. | Resampler type

Data presentation Volume volt 00Hz | Vector (720) | Single pre 0,00 0,00 Disabled

Pressure PCylL 18,1Hz | Vector (720) | Single pre: 00 | o000 Diszbled

Cabasc PComp1 asynchronous 1910z | Vector (720) | Sigleprecsion | bar | 000 | 0,00 Disabled

Jewort scn ool fie CAbasic Rise1 141z | Vector (720) | Singleprecsion |bar.. | 000 | 0,00 Disabled

Export options and CAbasc L 14,1k | Vector (720) | Single pre 00 | 000 Disabled

properties CAbasic doi 14,1Hz | Vector (720) | Single pres S0 | 000 Disabled

CAbasc [ 14,14z | Vector (720) | Single pre: 00 | 000 Diszbled

cabasc Temp1 asynchronous 14,1Hz | Vector (720) | Single precision 00 | 000 Disabled

CAbasic T2IntQ1 Asynchranous 141Hz | Vector (720) | Singleprecsion |kJjm3 | 0,00 | 0,00 Disabled

== Cabasc T2.d01 asynchronous 14,1Hz | Vector (720) | Single precision 00 | 000 Disabled

CAbasic Paly1 14,1Hz | Vector (720) | Single pre: 00 | 000 Disabled

Volume vol2 0,04z | Vector (720) | Single prec 00 | 000 Disabled

Pressure. PCylz 1%1Hz | Vector (720) | Single pres 0,00 0,00 Disabled

CAbasc PComp2 Asynchranous 14,14z | Vector (720) | Sigleprecsion | bar | 000 | 0,00 Diszbled

cabasc Rise2 14,10z | Vector (720) | Singleprecsion |ber.. | 000 | 0,00 Disabled

CAbasic Q2 14,1Hz | Vector (720) | Single pre: 00 | o000 Disabled

Cabasc oz 14,1Hz | Vector (720) | Single predsion 00 | 000 Disabled

CAbasic KHP2 14,1Hz | Vector (720) | Single precision 00 | 000 Disabled

directory CAbasic Temp2 asynchrenous 14,14z | Vector (720) | Single predsion 000 | 000 Disabled

CAbasic T2 IntQ2 Asynchronous 41Hz | Veclor (720) | Single precision 000 | 0,00 Disabled

CAbasc 2692 14,14z | Vector (720) | Single pre: 00 | 000 Diszbled

cabasc poly2 14,1hz | Vector (720) | Single pre 00 | 000 Disabled

Volume vol3 0,0Hz | Vector (720) | Single prec 00 | o000 Disabled

Pressure POYI3 1910z | Vector (720) | Sigleprecsion | bar | 000 | 0,00 Disabled

Image Ti: Export window for CEA

Angle-domain data

0 tl?hné Elj mggnfetlme omain data is ex o%etﬂ. f\ongle

Options

To export angle-domain data we have to change the Data presentation to CEA data. With this setting all output channels from the CEA module can

be exported as angle-domain data.

Export type

|Terrtr‘CSV (% bxt, *.csv) ~ |
Data presentation

I[E.Adam V"Degrees(byqrde} VI

Image 77: For exporting the angle-domain data, set the Data presentation on CEA data

The results can be categorized into 4 groups:

Cycle data as Vector: Angle domain data like pressure, integrated heat-release, additional channels...
Averaged Cycle data as Vector: One angle vector for the complete measurement like the average pressure.
e Once per Cycle data as Scalar: Cycle based data like max. Pressure (value and position), 150, MEP values...
Averaged Cycle data as Scalar: One value for the complete measurement like average of max. Pressure.
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Some target file formats do not support multiple data types. That's why Dewesoft reports a message to select only one result type.

Before exporting the data we have to define the x-axis base.

Text/CSV (* txt, *.csv) ~

CEA data ~ | |Degrees (by cyde)

Degrees (by cyde

Degrees {cont.)
Cydes
Samples

Image 78: Defining the x-axis base for CEA export

The table below gives an overview of the difference in x-scaling using the different export types:

Export type Data type Cycle 1 Cycle 2
Degrees (by cycle) Vector -360 ... +360 -360 ... +360
Scalar 0 720
Degrees (cont.) Vector -360 ... +360 360 ... 1080
Scalar 0 720
Cycles Vector 0..1 1..2
Scalar 1 2
Vector 0...720 720 ... 1440
Samples (e.g. 360 p/rev) Scalor 5 .

CEA data only export channels which are calculated in the CA-Plugin. If export from other Math-modules like Basic statistics is required,

data must be additionally exported with the Export property Full speed data.

File replay

Cycle 3
-360 ... +360
1440
1080 ... 1800
1440
2.3
3
1440 ... 2160
1440

It is possible to export analog channels into a file that can later be used to simulate analog channels, without having any hardware connected.

If we have an analog angle sensor signal recorded, we can export that together with the pressure signal channel(s) and simulate a running

engine.

First, the extension for replay file export must be added. This can be found in the download area.

After that, extract the file into: <Dewesoft_installation_path>\Bin\Addons\

File Home Share View
<« v l This PC Windows (C:) Dewesoft » BinGd > X3 » Addonsbd » EXP File

Name Date modified Type
# Quick access

B FileReplayEx /04, 59 EXP File

OneDrive
~ I This PC

Image 7% File location for FileReplayExport file
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The next step is to run Dewesoft as an administrator to register the extension.

We can export any recorded data file, where we stored the analog inputs.

In the file export, we must first select the Data presentation option and choose the Full speed data type. Then we can select Replay (*.rpl)

export format. We can use the channel filter to find and export all Analogue (Al) channels. We can export also synchronous mathematics
channels, which will act like analog channels in file replay.

5] I]
Dewesoft |Fie export | Flexpro M5 Excel Clipboard | Export

Export type Channels
[repir o -] ® ® O
Data presentation Export order | Ex. ch. no Name Sampiing Rate Datz str... Data type Unit  Minvalue | Max va Resampler type ‘
[Fatpecd datm 7] Relstve sme v 62 AL 502 Synchronous | 100000... Scalar Single presion | V| 6,23 5,60 Disabled
263 A2 p1 Synchronous | 100000... Sealar Single precision | v -0,32 26,92 Disabled
e 264 A3 p2 Synchronous | 100000. Scalar Single precision | V' -0,34 28,84 Disabled
Clexport setp to i fle 265 A4 03 Synchronous | 100000... Scalar Sndepredsion | V| 0,34 | 27,% Disabled
[J1gnore gaps between triggers 266 A5 p4 Synchronous | 100000. Sealar Single precision | v -0,35 26,96 Disabled
[ Ee ek %7 A6 Ps Syndvonous | 100000... | Scélar | Sngeprecson | V| 032 | 26,89 Disabled
268 AT p6 Synchronous | 100000... Scalar Single precision | v -0,29 25,35 Disabled
‘CEAJEE | 269 AIB p7 Synchronous | 100000. Scalar Single precision | V' -0,27 25,99 Disabled
m as P Sncvonos | o000 | Sclx | Sngepecsn | v | om0 | 74 eated

Image E0: Export the replay file
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How to Transmit CEA data to ECU or Testbed?

CAN interface

The Dewesoft combustion engine analyzer can acquire and transmit CAN messages. When transmitting is used, any measurement result can be

sent to any other host system (for example INCA).

1. Add a transmit channel by pressing +Tx button in the CAN tab.

E— 5.@ —

+| ARB. (&) Bits Frequency Used (& C RT

Image 81: Add transmit channel

2. You can define the CAN-Identifier (arbitration), its name, and as well as the DLC (Data Length Code).

3. Define the channel types inside the identifier with the Data Format, Data type, Start bit, Length, and the scaling.

4. Now we define a transmit event for this CAN message:

e Perijodic: The interval time can be set in milliseconds.

e OnButton: A control button in the Measurement Mode can be assigned to this event.

e OnStart: When changing to the Measurement Mode with definable delay in msec.
e OnStop: When the measurement is stopped.

e OnTrigger: A measurement channel condition defines when the data should be sent.

e BeforeMessage: You can select another message and this message will be sent before that message.
e AfterMessage: You can select another message and this message will be sent after that message.

5. Select the data to be transmitted: Constant values or any measurement channel can be selected

6. All the defined transmit channels can be exported to a DBC-file for later import on the Host system.

Can channel setup

Message

Mame |Transmit_Message

A
=

Type  CAN standard ~

i

s

Periodic

On msg. change
Sl on trigger
Before message
Cllafter message

Color

v e

Channel |FL v 5 .

S E == =
R <ol 5N -
- £

=
i

=EE] =E [=]
w

m

2| .

=M= =(fal=

LAl - Lo

8 B

Add Delete 7

Data format | Intel «| (@ 5cale (k factor)

Data type Unisigned w~ (O sensitivity

O —
e C—

Current unscaled value 0

Current scaled value 0

Image B2: Define transmitting messages
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The average delay time for CAN Out data will be around 100 msec because the complete cycle is acquired first and after the calculation the data is
available for the output.

Testbed

The communication to the testbed server is implemented as a dedicated Plug-In. You can choose between:

AK Protocol,
e Puma Open AK,
e D2T AK, and
e Tornado AK.

For all of these protocols the RS232 or TCP/IP connection is possible.

O B H @ W &= % & |®|+ —

e Save as Storing Analog in CAN Math Testfed More...  Remove

Reference CA Statistics Transfer channels
Reference CA Statistics interval Maximum channel count to transfer
=R v | [1z0 | cydes v [0 |
Channels
— a @909
D Used Channel Statistic Value |
p1 Maximurm M 24 [U)
p2 Minimum T 0,60 (V}I
p3 Maximum b 0,35 (V}I
p4 Maximum g 0,41 (V}I
IMEPn1 Maximum ! o (an)
IMEPn2 Maximum f 9,12 (Ibaril
IMEPN3 Maximum f 8,16 . (bar).
IMEPn4 Maximum f ::52 Gan)

Image B3: Testbed integration

Detailed information about the plugin usage and setup is available in the combustion engine analyzer manual, chapter 9.

[Video available in the online version]
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CEA Example: File Replay
In Dewesoft we can use the file replay option to simulate analog input channels and create a CA setup and also test the functionality of CA.
First, the extension for replay file export must be added. This can be found in the download area.

After that, extract the file into: <Dewesoft_installation_path>\Bin\Addons\

B B = | Addons6s

File Home Share View

« v A l This PC > Windows (C:) Dewesoft > Bingd » X3 : Addonstd

Mame Date modified
- Quick access
B FileReplay64.dag /2018 14
OneD

B This PC

mage 84: Download and place FileReplay file in the proper folder

The next step is to run Dewesoft as an administrator to register the extension. When Dewesoft starts, open Settings to configure file replay and
switch Dewesoft X operation in Offline mode. Then click on the Simulated devices and set the Simulated channels mode to File replay. See the
image 85.

Exported *.rpl file can be used or you can download a test file. When the file is selected there will be information on how many channels are
simulated, what was the sample rate and the total length of the file. The replay file is always in the time domain. Select also the option repeat, to
loop the file, otherwise it will be played only once. Only analog synchronous channels will be replayed.

u Devices @ @ Operation mode Offline mode it
@ Extensions - Q Local system @ Simulation mode
fomle Simulated devices
0 Simulated channels mode |Fi|e replay ~ |
E Global variables e I
Simulate annels
S oaahesce & bAQ settings Lﬂiﬁw
4.1.0

o Startup File to read v

|C: ‘\Hezers\Public\DocumentsDewesoft\Exports\Schwingungen Rec‘l .

Performance
Ni [CIRepeat File details:  Channels: 7
CD User interface SampleRate: 40000
Speed Length: 241,317s
=- Files and folders O rormal
E Storing ) Fast as possble
O custo o
E Reports () Custom %2
n .
Ky Security
@ Update
2

‘,\ Advanced
o . ;
7 Licensing

oK Cancel

Image 85: Put DewesoftX on Offline mode, choose File replay for Simulated channels mode and select proper file replay

After that, close settings and create a new setup.

If we go to channel setup we see that we have 9 simulated analog channels. We need to find out what these channels are and we can do this by
simply enabling all channels and going to measure.


https://download.dewesoft.com/list/plugins/file-replay
https://download.dewesoft.com/

Dewesoft X - Setup: ReplayFile.dxs

Q

Analyse Setup files Measure
C A H 6 i
Store Save Save as Storing Math Maore...
?;;:’E;h: Balance amplifiers || Shorton | Zeroall
(Hz) El
[search Q@
D Used C MName Ampl. name [F Range
1 Used All DEMO-SIRIUS-ACC oV
2 Used AT 2 DEMO-SIRIUS-ACC+ oV
3 Used . Al 3 DEMO-SIRIUS-ACC+ v
4 Used . Al 4 DEMO-SIRIUS-MUL oV
5 Used . AIS DEMO-SIRIUS-MUL oV
] Used . Al B DEMO-SIRIUS-S5TG S0V
7 Used . AT T DEMO-SIRIUS-S5TG S0V
8 Used . Al DEMO-SIRIUS-HV 1000w
9 Used AIS DEMO-SIRIUS-ACC oV

Remove

Reset zero all

[[E] Measurement [Z]
Voltage
Voltage
Valtage
Voltage
Voltage
Voltage
Voltage
Voltage

Voltage

Min
6,29
-0,32
-0,34
-0,34
0,35
-0,32
0,29
-0,27

0,30

Values
-6,2684 |

Ea

-0,238 / 23,548

Fa
o
=)
1 ]
]
[o4)
&
]

3 Lo T T
2ERE S

- W )
.EQE”E”
1 E 1= & L] & iy
el

oo (=1 o

(=31 [ o

-0,247 [ 21,317

E

Image 86: Mark all the analog channels as 'Used’

Physical quantity

Units
v
v

Zero [[E] Setup
Zero Setup
Zero Setup
Zero Setup
Zero Setup
Zero Setup
Zero Setup
Zero Setup
Zero Setup
Zero Setup

On the recorder display we can see all 9 channels at once and can also freeze the data and zoom in to one part of the data. From this we can

quickly see that the first channel is the angle sensor and the other 8 channels are pressure signals. The angle sensor in this case is a 60-2 sensor.

@] H %k & -

widgets

Store stop Design Dispays  Recorder

Image 87: The first channel represents the angle sensor and the other 8 channels are pressure signals

We can rename the channels for easier setup, select physical quantities, and set the scaling. We will create a 4 cylinder CEA setup.

a9

65



D Mame Ampl. name  [5] Range [E| Measurement [5]
1 80-2 DEMO-SIRIUS-ACC 0V Voltage
2 pt DEMO-SIRIUS-ACC+ 0V Voltage
3 p2 DEMO-SIRIUS-ACC+ 0V Voltage
4 p3 DEMO-SIRIUS-MUL 10V Voltage
5 p4 DEMO-SIRIUS-MUL 10V Voltage
6 ps DEMO-SIRIUS-5TG 50V Voltage
7 pé DEMO-SIRIUS-5TG 50V Voltage
8 p7 DEMO-SIRIUSHV 1000V Voltage
3 p8 DEMO-SIRIUS-ACC 10V Voltage

Image 88: Rename channels

Now we need to add the CEA module.

In the Engine settings of the CEA module we first define the cylinder count, enter the geometrical data of the engine, fuel type, select the appropriate
pressure signal for each cylinder and input the ignition misalignment. After we have entered all the information we can save then engine as a new
template. The only thing we need to do next is to define the angle sensor setup.

oBR g B @ W i & + —

Stoe  Save  Saveas  Channels  Stering  Analogin | Math CEA More.. Remove
Enn [ Ve o] neme O

Warning: Only input pressure channels in "bar” are supported.

| Evsine seitnes | Encoder settings | ]

Basic parametes Volume per cylinder
Engine type (ver. 1.0} humber of cyinders  Reference gfinder & Stroke fom]__Bore (] Engine template
N N | S V| [es BED ] 45
= [corvod fmm] oo (1]
Fud bype e Mn [0,0453 | dm3 O ol PO [rm]
[1z vex 05657 Jams |0 ] P ]
Suggested: 1.32  Suggested: 1.27
Selected cylinder settings. Cylinder overview
+ Cylnder 1 Reference) | 2 3 4
Deactivation source
. Pressure channel p1 | p2 | 03 | ne
Activated ~
. Ignition misalignment 0,000 630,000 450,000 180,000
| Cyinder deactvaton
Correction principle —
o Color
-
B Settings Settings Settings Settings
First ref. point Second ref. point " = e s
N C—
[ Type Thermo Thermo Thermo Themo
Additional channels
P Injecton and ignton
® 01101 cre
) e Maxro. of 0 0 0 0
SO1 rigoer evel o 0 0 0
EOI trigger level 0 0 0 0
4 ‘Additional channels

Image B9: Add the CEA module and define properties

In the next tab of the CEA setup, we select the type of angle sensor as a 60-2 and also the channel this is connected to. We should immediately see
something on the p-V preview diagram (left) and also the pressure signal in the angle domain (right). If the angle sensor was defined correctly we
should see stable and correct RPM on output on the right and also 60 pulses per revolution.
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1|+ Used ~ | |Setup ~ Rename ",\‘?

| Engine settings I E

= | Result definition |

Encoder type Connected to Resolution Upper frequency [RPM] Resampling type
[50-2 (Anslog) | [60-2 ~|[ ... [1 dea.; 380 pirey ] 1ses7 Unfitered ~

58-2

Trigger offset Mo. of cydes Thermo. loss angle  Cylinder for detection TDC detection

l:l CA 120 | o7 1 v Start 80°CA

Method: Dewesoft v2.0

[#]5how PV graph preview
PV graph axes
log-og e

Pulses ,frev
Speed [1709,3 |RPM

Cydes

Image %0: Encoder settings without trigger offset

We can see that the peak pressure on cylinder 1 is around 100degCA. This means that we have an offset of the angle sensor. If we would have a

replay file from a non-fire engine, we could do TDC detection, but since this a file with combustion, we have to enter the offset manually. In this
case we know that the offset is 80deg.

CEA L1 | + Used ~ | |Setup ~ Rename N
Engine settings Result definition
Encoder type Connected to Resolution Upper frequency [RPM] Resampling type
60-2 (Analog) | B0-2 M e 1 deg.; 360 pjrev ~ | 16667 Unfiltered ~
58-2
Trigger offset Mo. of cydes Thermo. loss angle  Cylinder for detection TDC detection

ca 120 | o7 1 v Start

Method: Dewesoft v2.0

[]Show PV graph preview
PV graph axes
log-og e

Pulses
Speed

Cydes

-r—*'u
e S I VY,

mage 91: Trigger offset set on E0 degrees

When the trigger offset is correct, we can see that the pressure curve is shifted to the correct position, and also the p-V diagram shows a correct
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output.
If we switch to the Result definition tab we can also immediately see the rate of heat release output and accumulated heat release.

= Used ~ | | Setup ~ Rename 3{

Engine settings | Encoder settings

+ roup name urrent val. unning avg. verall avg. ylinder ava. ngine ava. etup -)
G Currentval. | R Overall Cylind E Setuy Start angle End angle Step (+/)
-30 SCA (90 1
a Acquired signals | ‘ | | R ‘ RE
Pressure channels Used Unused Unused Setup User paint TQunit TLunit
o % fomae o] o -
Additional channels Used Unused Unused Setup
4 Standard calculations
Intake pressure Intake temp. Vol effidency
Maximum pressure Used Unused Unused Unused Unused
[1 [bar |20 = [o.8
Compression curve Used Unused Unused Setup [Measured
Polytropic coefficient Used Unused Unused Unused Unused Setup
Thermodynami
Rise curve Used Unused Unused Setup i
Maximum rise Used Unused Unused Unused Unused Setup
Mean effective pressure Used Unused Unused Unused Unused
Work Used Unused Unused Unused Unused
Power Used Unused Unused Unused Unused
Torgue Used Unused Unused Unused Unused
Thermodynamics 1 Used Unused Unused Unused Unused Setup
Thermodynamics 2 Used Unused Unused Unused Unused e
Temperature Used Unused Unused > i F | ‘| | ‘
o |
Knoddng Used Unused Unused Unused Unused Setup '-|| | Ul

\
|

: Result definition

Now we can go to measure, and on the predefined CEA measure screen, we will already have all the basic combustion analysis information as it is
shown on image 93.

10000

5.058
18.5750 25.739 19.000

Image 93: Defaull CEA display will be seen after you assign channels o the diagrams
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How to Combine the CEA with Other Modules?

CEA can also be used in combination with other modules. When using it for a 4-stroke engine, we get a possibility to review data in the angle
domain for a complete engine cycle - 720deg.

This can be very useful to analyze vibration data for a 4-stroke engine, otherwise, we see the data only in a 360deg cycle, as shown in the image
94,

AVE
VE

RPH]

cEd7  iI22RED

Image 94: When using it for a 4-stroke engine, we get a possibility to review data in the angle domain for a complete engine cycle - T20deg

The following is just one example of how CA can be used for other purposes or to convert time-domain data into angle domain data. We only need
one angle sensor which is valid for CA and one input. The input can be any type - either some analog input or math channel or even an output
channel from some other module (torsional vibration, power analysis, order tracking, modal test,...).

[Video available in the online version]

Torsional Vibration & Combustion Engine Analysis
Please refer to the ProTraining for detailed explanation about the

To use the vibration analysis module together with CAA, only one angle sensor is needed. First we add the Torsional vibration module.
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More... Remove
[tor] ® | Addmodie | New setup defaults
@ swring

B system monitor

n Function generator b4
M Frranalyss

@ Rotor balancer b4
= Torsional vibration

JINT sent

Torsional vibration 1.0.0

shafts. The torsional vibration also measures the twist of the shaft with higher RPM. With torsional
vibration module two different parameters can be measured: rotational vibration and torsional
vibration.

Image 95: Add Tarsienal vibration in Dewesoft X

Sensor input and sensor type must be selected. The rotational angle must also be selected for output.

Only counter inputs can be used for torsional vibration.

Torsional vibration 1

Input Input channel configuration

Filter settings

_ e

Output

e

Image 96: Select sensor location, sensor iy pe and enable the Rotation angle option
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If there is another sensor mounted on the other side of the engine shaft, then we can select also the other sensor and activate the output
calculation for the torsional vibration angle.

Torsional vibration 1 | + |Used V| |Semp ~ || Rename |

Input Input channel configuration
First sensor input
Er— N LI
- Gearbox ratio
I%m sensor [ Encocer-1023 Al [ ] [ V-]
CNT 1 v Encod=r- 1024, X1 Encoder-280, X1
- Torsion_angle .
owpt FotstonalDC Pl
| off - | | 10 - | Hz
Mame Torsion_angle
I Sensor 1 output channel Torsional vibration channels Sensor 2 output channel
[ rotational angle [ Tarsional angle [+ Rotational angle
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1% axis reference angle
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Image 97: Select also the other sensor and enable Torsional angle option

We must also add the CEA module and configure the angle sensor input.

For the Encoder settings we only need to select a pressure sensor - in this case, Encoder-1024 and the counter location to which the encoder is
connected to.

Under additional channels in Engine settings, select the output from the torsional vibration module. All additional channels will be shown in the
angle domain. If we also have an encoder on the other side of the shaft, and have torsional vibration results, we can also add additional channels.
We can select all three outputs for conversion into the angle domain. See the image 98.
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—— —
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Ianition misalignment 0,000
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Settings
Zero level correction
Type Thermo
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= Max no. of i. 0
i RotAngle_1 . 501 trigger level 0
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Image 98: Assign all additiznal channels to the cylinder

When we go into the Measure mode and enable the Design mode, we have two additional display types available from CAA. We add a Combustion
scope to display the data in the angle domain for a complete engine cycle.

71



Ly

I_
1

[Te)

Displays Recorder Scope FFT Custom Custom CA
|CEA| ] | Favorites | | Manage favorites |
| CEA p-v diagram
CEA scope

Image 9%: Add the CEA scope

We can display all three vibration channels at once on the graph. Pressure or other channels can also be added.
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Image 100: All additienal channels displayed on CEA scope
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