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CA

1 Introduction and Basics

The Dewetron Combustion Analyser (CA) is used to indicate almost any reciprocal engine. The
target is to measure, angle or time based, the indicating pressure and calculate online the main
thermodynamic parameters out of it. The Combustion Analyser is used in various applications
around reciprocal engines, for example Mapping of ECUs, knocking evaluation, general engine
development and any other application where indicating is required. Dewetron CA systems
support direct sensor inputs for high and low pressure, and also provides additional inputs such as
CAN, XCP, to get the full picture of your engine.

1.1 System Overview

Pressure sensor(s) are used to measure the cylinder pressure, of the engine.

An angle sensor, CDM (CrankDiscMarker) could be mounted on the crank shaft to get the angle
position of the crank shaft, which is required for the CA calculations. However, sometimes it is not
possible to mount a CDM sensor on the engine due to space limitations, perhaps when the engine
is installed in a vehicle rather than on a test bed. In this case the native CDM sensor (60-2, 37-1,
..) of the engine can be used to provide the angle information. Both signals are connected to the
Dewetron Crank Angle CPU (CA-CPU). The CA-CPU can handle various input signal types from
CDM sensors, and also provides interpolation in real time to increase the angle resolution of the
CDM sensors. For example the 60-2 signal, which has a resolution of 6 degree, could become a
3600pulses/rev CDM. Interpolation is carried out by the CA-CPU with up to 0.1deg resolution.

Additional signals such as temperatures, the absolute pressure of inlet manifold, ignition or
injection signals, or any other analogue or digital signal, could be connected to the appropriate
input.

CAN, XCP, or GPS, could be also acquired during indication of the engine.

Results can be exported into various file formats for further processing. In addition Dewetron CA
provides various interfaces such as CAN, RS232, and TCP/IP, to transmit data. Dewetron CA can
also be controlled via these interfaces, to achieve control and data transfer from a testbed.

Engine Dewetron CA
P1 > DAQP-CHARGE
P2 > i B i
P3 > Amplifier
P4 >
P Additional Signals
Testbed,
CAN
_> ’
| Output Alarm
File,

| Crank Angle CPU
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2 Enabling CA functionality

The CA functionally in Dewesoft must be enabled under - Setting - Hardware Setup - Math

& Help 1y Settings

. Project k

=8 Hardware setup ...

. Projectsetup ...

& Hardware setup

|Analog || CAM || GPS || Video || Math ||T|ming || Alarms & Events H

|| Basic functions (Filter, Formula, Statistics, ...)

|| Torsional vibration

|| Sound level meter(IEC 60651, IEC 60804, IEC 61672)

|| Human body vibrations (IS0 8041, IS0 2631-1, 150 2531-5)
QOrder tracking
Combustion analysis

I | Modal Test (FRF, MMT)

2.1 Encoder pulses limit an Scope mode

Additional CDM pulses, caused by electrical noise, or interpolation errors of the CA-CPU, could
produce incorrect angle results, so the CA software checks the number of pulses per revolution for
every cycle. If the number of pulses differs by more than the set limit, the Cycle is not calculated.
At angle resolution of 0.1 deg, 2 pulses would give 0.2deg.

At angle resolution of 0.5 deg, 2 puses will give 1deg.

If Scope mode is enabled, CA skips cycles. In other words it does not calculate all cycles.
There are several levels of scope mode available. Depending on this setting, CA-Plugin also skips
calculations depending on measure mode (storing, not storing, trigger,...).

The default setting which should be used is: NEVER
If this is set to NEVER, CA will calculate, store and visualize all cycles.
fCombustonanabysis

,,m, The setting on the left would be interpreted in the follwing
[ | Modal Test (FRF, NMT)

way:
Encoder puses it 2 SCOPE MODE is not active in SETUP or
[¥] Check encoder puises (in SETUP all cycles are calulated continuously)

SCOPE MODE is not active during Storing or

if Data is stored all cycles are calulated and stored
SCOPE MODE is active if storing is paused or
SCOPE MODE is active during waiting for Starttrigger.

INot setup OR not storing OR. pause storing OR. waiting starttrigger VI

Scope mode can be used to skip cycles, to achieve higher rates.
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2.2 Enabling DAQP amplifier and CA-CPU

In the analogue section of the hardware setup, the CA-CPU and the DAQP amplifiers must be
enabled. CA is also available without CA-CPU, in this case CA-CPU is unchecked. If CA-CPU is
not used no interpolation or reduction of CDM sensors pulses can be done. It is also not possible
to use the native 60-2 or 34+1 CDM signals of the engine at angle domain measurement, because
interpolation and gap filling can only be done with the CA-CPU.

Also make sure that the 2 base counters of the A/D card are enabled.

e |
[nalog || can || cps || video || mathr |[Timing |[ alarms & Events || Anslog out | NET || Plugins || Registration
Analog device Amplifiers
Dewetron DAQ - |Ormn onboard -
Card FOUND '7 Daqeardampifier |
| plifiers
. | I MDAQ ampiffiers
Driver version: 1, 0. 0. 30 | 5l POt ampllfiers
| 1 PAD modules

| & DAQP amplifiers
| 1 mST adapters/TEDS sensors
| cacru

e
Dewetron DAQ hardware ext. dock: [Risngeedge  +|

ext, dockdivider 1 5]

E O —
Device information

D Name Sample rate | Al channels | Al referenced SN (Cal. date) DI [OutClk: ExtLExt2Ex(
0 |CRION-1616-505 500000 16(16bits) toGND - 15430457 (2011/08/09 b w|Video; CAN; off ...
g

0 |Expansion CNT 500000 = f 15440023 w B w OutD: off;0ut1: off ...

Note: Your CA is already preinstalled when the system arrives.
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3 Analogue Input, CA-Plugin Setup

3.1 Analogue Input Configuration

CA

The analogue input section in the setup screen shows all DAQP amplifiers which are actually

installed in the CA system.

The high pressure sensors used in the combustion chamber are typically charge based and
connected to the DAQP-Charge-B amplifiers of the CA. If external charge amplifiers are used, the
voltage output of the charge pre-amplifier will be connected to a DAQP-LV amplifier or any other
analogue voltage input on the CA. Additional inputs such as ignition, injection, are also connected

to an analogue voltage input.

If piezoresistive absolute pressure sensors are used, to measure inlet manifold pressure, this
sensor is bridge based and requires a constant current bridge supply. The DAQP-STG module is
the appropriate amplifier for this type of sensor, and supports current excitation for these sensors.

7 DEWESoft 7.0.5
== acauson Analv\su Setup files | Ch.setup | Measure
adk . (+1+] it
e oy bg = & ge i
Store Save Saveas  File details Storing Analog | Counter CAN Math  Combustion
Dynamic acquisition rate
= a External dack
i =) Start on external trigger
sLoT  omjoFFE ¢ NAME AMPLIFIER (001) =l PHYSICAL VALUES =]
5 e DAQP-CHARGE-B EF==
2000 pC .. 100 kHz [BE) -2000
. DAQP-CHARGE-B E= B
2000 pC .. 100 kHz [BE) 12 2000
DAQP-LV SN; 403505 - 0.000 v
z 10V 100KHz [BE] T W
DAQP-LV SN: 403506, - i
3 10V . 100kHz (BE) ET) 10
s DAQP-LV SN: 403907 - 0,000 v
10V . 100 kHz [BE] -10 10
= DAGP-LV M 403508 - 0,001 mV/V
10 .. 100 kHz [BE] -10 10
a DAGP-LY SN 403509 - 0,001 mV/V
b il 10V .. 100 kHz (BE) 10 10
|8 | infet pressure DAQP-STG SN: 401236 - =
a iI 50 mV/mA .. 10 kHz BU); Exc 2 mA 2 2
Wias DAQP-STG SN: 401235 - 01 pC
| - !J 2000 mvAY .. 10 kHz [BU): Exc 5 ) R
&\ Channel setup for channel 0
General I Sensors | General || Info |
Channel name P1 Measurement __Cha
N Range 2000 ~%pC
Units bar Lowpass filter | 100kHz -
Color Lowpass type | Bessel hA
Coupling AC =
Min value Auto Max value Auto Outputoffset 0 v %
Sample rate diider 1 - | Skip Reset
[ bybwoponis || byfuncton 3 4
\—l Input value Scaled value
2000 pC 200 bar
0 10 nC
e oguss 280,0pC _——_ 28,00 bar
0 1 bar -4748pC ——  -4748bar
-10781pC ———  -10781bar | piock
calibrate calibrate =
e e e T 4 = 01
from average | | from average 2080 pe AeU b e iz =
from AC RMS | [ from AC RMS.
—_— = ———— Average || ACRMS Min / Max
>> [ | Cancel |
Version 1.4

ca @ setop -

~275,3 | 1102.6 pC
Zero Setch. 0

2000

L5V

Zero

Zi

Zero

Zero

Zero

Zero

Zero

Zero

tch. 1

3 Setch.2

Setch. 3

Setch. 4

Setch. 5

Setch. 6

Setch. 7

Setch. 8

A typical channel setup screen,
with the installed DAQP
amplifier's shown on the left.

Connected channels are
activated and renamed
according to the input. Active
signals can be observed
immediately in the setup, so
input range selection can be
simplified.

In the channel setup the amplifier settings and also
the scaling can be defined. The channel setup is
split into 4 sections, and configuration is carried out
through sections 1 to 4.

Section 1 holds the amplifier settings. In section 2
channel name and unit will be set. Section 3 is
used to scale the sensor from electrical to physical
units, so that physical values can be used.

Section 4 provides live information about the input
value and the scaled value.

Page 5



Measurement  Charge

Range 2000

6l

Lowpass filter | 100 kHz

Lowpass type |Bessel

Coupling |AC

Output offset 0

| Reset |

General

Measurement  Charge

Range 2000

U

Lowpass filker | 100 kHz

Lowpass type |Bessel

Coupling |AC

Output offset O

| Reset |

CA

Input range can be selected from a predefined list, or
entered manually.

Measurement  Charge

2000

Range * " pC

Enter sets
Esc (re)sets

2000 pC
2000 pC

Filters should be set to 100kHz and Bessel
characteristic.

High pressure sensors are exposed to heat shocks,
which can cause the signals to drift, but AC coupling
will reduce this drift, and avoid the signals exceeding
their input range.

The high pass filter frequency is connected to the
input range. In the range from 100 to 2000pC it is set
to 0.07Hz. Above 2000pC the high pass filter is about
0.005Hz.

After connection the input could be overloaded, caused by a static charge during connection.
Reset will eliminate this and set the amplifier back to 0.

4 Channel setup for channel 2

Channel name Ignition

Units \

Color I

Min value Auto Max value Auto

Sample rate divider 1 * | Skip

by two paints. ” by function

0 10 v
equals equals
a 10 v
Calibrate Calibrate
| from average ‘ | from average ‘
[ from ACRMS | [ from ACRMS |
Version 1.4

= . . ,
1| For all other input channels setup is done in a
m similar way. The DAQP-LV low voltage amplifier
e is used for ignition. Ignition uses 10V range and
e 300kHz filter. Scaling is not required because it
Cons (o - will only indicate the ignition start.
Input value Scaled value
pUAY 1wV
Average ]l AC RMS |[ Min / Max ]

Page 6



& Channel setup for channel 7 3
= [Sesa v -
Channel name Inlet pressure Measurement | Bridge |
Range 5,0001 » " mVjmA
Units bar Lowpass fiter :mukﬂz v:
i D Lovwpass tpe [Bessel -
B e ¥
Min value Auto Max value Auto Bridge shunt Internal 175 kohm > |
Sample rate divider 1 [ sk Excifation 3 -|ma -
Outputoffset 0 - %

Sensor unbalance  -200 <= 0 v <=200%

[ Balance sensor |[Balance ampifier] [Set short on|[Set shunt on|

passed
by twoponits. || by func
S > - | e e
5 mv/ma 2,381 bar
0 ] 2.1 mv/n 2,0816 mV/mA 0,913 bar
& 5 2,0792 mV/mA 0,9901 bar
i s 2,0769 mV/mA _ 0,9890 bar
o 1 bar
Block
Calibrate Calibrate - ‘m
from average | [ from average | B ey o
[ from ACRMS | [ from ACRMS |
Average || ACRMS | [ Min/Max
_<<:‘7>>‘i ok | | Cancel |

CA

For piezoresistive absolute pressure sensors,
The DAQP-STG amplifier is used, typically with
full bridge, and with excitation set to current.

The sensor datasheet will provide the required
calibration current, typically 4mA, and the
sensitivity at this calibration current in mV/bar.

The input range of the amplifier is scaled in
mV/mA, and must be considered in the scaling
process.

Example Datasheet of sensor:
Sensitivity at Ical = 8,4mV/bar

Reference current = 4mA
Input impedance = 3kOhm

We get 8,4mV/bar @ 4mA, which equates to 8,4mV/4mA = 2,1mV/mA/bar.

The scaling is set to 2,1mV/V equals 1 bar. The sensors input impedance is about 3000 Ohms. If
we were to set the excitation current to 4mA, this would require an excitation voltage of 3000R x
0,004A = 12V. The DAQP-STG compliance voltage is limited to 12V. Therefore, to avoid the
compliance voltage limit beyond which current cannot be regulated, the current is set to 3mA. This
results in a compliance voltage of around 9V, which should give enough margin to regulate

compliance current effectively.

After setting this we should see ambient pressure if the engine is stopped.

Version 1.4
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3.1 Engine, Channel Setup

After the analogue input setup, we have to select the Combustion setup, and add the calculation
template.

=

;A/J Aoq.-sm::n kldy\ﬁs Seu.pflu || Ch. setup Measure

| = = fop | 2N st P e m :
E Q E s

Store Save Saveas  File Hlﬂalls Storing Analog CAN A!-arl.'ns Combustion| CANOut

&

The calculation template is split into 5 sections. The engine section where all engine parameters
and measured channels are applied. The angle sensor section, where the CDM sensor and top
dead centre (TDC) is defined. In Calculation, Thermodynamics, Knock detection, and the
calculation results are defined.

- a e DEWESoTt - Setup: CA.d7s

CAD v wjm wm  Error: Reference pressure is unassigned.

“; Anle sensor [é‘ Calaulations IJ‘ThEmodynamics ﬁiknod(detedmn

Basic parametes

Engine type Cyiinder count: Compresson oo - IRod frm]
45troke - Standard x| 1 ~ s 73 73 76 131
el by Polytropic exponent Volume per cylinder Engine templates

Min Max

0,5657
e

Cylinder Ref. coyl. 1 m
Pressure channel <Unassigned >

Tgition misalig. [7CA] 0

Piston offset -PO [nm] [0

Engine, Channel Setup

0 e In the Engine setup the engine
T Angle sensor [Q' Calcuiations MMEmodynamits g Knock detection parameterS’ pressure Channe|S,

additional channels and also
start of injection - end of
injection (SOI/EQI) signals are
defined. Also ignition

[l Bare [mm] [¥]Rod [mm)
92,8 92,8 84,5 154
Volume per cylinder Engine templates
Min Max

0,5657
e

Fuel type Polytropic exponent

o Jowons  Blons Jovs | misalignment (firing order) and
Pressure P1 P2 P3 . .

ntonntg, (o0 |o P reference cylinder will be set up.
Piston offset - PO [mm)] 0 0 0

Crankshaft offset - CO [mm 0 0 0

501/E0I channel <Unassigned:> <Unassigned:> <Unassigned:>

No. of injections 0 0 0

S0I trigger level 0 0 0

EOI trigger level 0 0 0

Additional channels | <Unassigned: <Unassigned: <Unassigned:

Version 1.4 Page 8



Engine type Cylinder count: Compression
4-Stroke - Standard - 3 - 12,5
4-5troke - Standard i )
2-Stroke - Standard Polytropic exponent

4-5troke - Custom V
2-5troke - Custom v

v]

1,35
Suggested: 1.32

Engine type Cylinder count: Compression
[4—'St'oke - Standard v] 3 - 12,5
Fuel type Polytropic exponent

‘Gasdi'le v' 1,35
Suggested: 1.32

Gasoline - Direct Injection

Diesel

for diesel and gasoline fuel types.

CA

In the basic parameters the Engine type is defined.
4-Stroke and 2-Stroke, with either standard or custom
volume calculation can be selected. If standard
volume is defined, the volume calculation is done
according to standard volume (see section formulas
for further information).

If custom volume is selected, a user defined volume
calculation can be entered.

Fuel type defines the fuel of the engine. Depending
on this setting a polytrophic exponent which is used
for thermodynamic calculations is suggested. The
defined value must be entered manually into the
polytrophic exponent field.

Start of combustion (SOC) and end of combustion
(EOC) are provided as results. EOC is defined where
integrated heat release reaches 95%, which is valid

With gasoline, SOC is defined when the integrated heat release reaches 5%, and with diesel,
SOC is defined when the integrated heat release crosses 0% (Due to the injection of diesel fuel
the integrated heat release goes negative first).

Compression defines the relation between swept volume and clearance volume. For more

details see the formulas section.

Cylinder count defines the number of cylinders which are indicated. The cylinder template will be
expanded automatically, and the analogue pressure channels can be applied.

Cylinders
Cylinder Ref. cyl. 1 !|c1,1. 2 lel.S |
Pressure channel  ([P1 > P2 P3
Ignition misalig. [°CA] 0 630 450
Piston offset - PO [mm] 0 0 0
_&m&nmtACOMD 0 0
Geometry
Sh’okla_[l_'ru'r!] _ Crankpn [mim] Bore [mmI_ || Red [mm]
92,8 92,8 84,5 154
Min Max i -
0,0453 0,5657
|[_Add |[ Delete |[ save |

[dm*3]

Under Geometry the engine parameters are added, and the template will automatically calculate

the min and max volume.

Version 1.4
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Geometry
Stoke frm) 12010 11 [¢]Red frm]
52,3 |
Vattusme per cyRadar e s L
Min Max ‘ | H
0,0453 0,5657
[dm~3] ,l—'——n—-—-—r'r"—'-—l'
Geometry
Stroke [mm]  Cr=nkpn [nm] - Bore [mm] [¥|rod [mm]
73 |92,8 | 78
Volume percyiinier Engine templates
Min Max =
0,0414 0,3726
[dm~3] q Add ] Delete H Save ]

Cyfinder llil.ef.cvi.l (ﬂl}ylz » |Cy|. 3

Pressure channel P1 P2 P3

? Ignition misalig. [FCA] 0 .530 450

i Piston offset - PO [mm] 0 .U .U

:Crankshaft offset - CO [mn] 0 0 P

I S0I/EOQI channel Ignition . <l Inassigned > l <lUnassigned =

ENo. of injections 1 .U ll.'J

; 501 trigger level 3 .U ll.'J

ECI trigger level 2 .U lD

; Additional channels Ignition . <lnassigned = <lnassigned =

I <Unassigned = . <Unassigned > <Unassigned =
Cylinder oyl 1 |Rd.qu.2 'lc 3
Pressure channel P1 P2 P3

CA

The engine template can be
used to store engine
parameters, number of cylinders
and ignition misalignment, to
save time for future CA setups.

To create a template, add a new
template first, rename it
according to the engine, and
then enter the engine
parameters. At the end Save it
to create the template.

In the cylinder template the
analogue pressure channels are
applied. Also the reference
cylinder is defined here in this
section. The reference cylinder
is indicated with a piston, and
could be applied to any cylinder.
Simply click on the target
cylinder, (Cyl.2) and it will
become the reference cylinder.
Ignition misalignment is related
to the reference cylinder, and
will be entered in degrees.

Additional channels can be applied to specific cylinders. These channels will be available in the
CA- Scope diagram, and are aligned with the corresponding cylinder. This can be very helpful for
signals which require angle based investigation. If the ignition signal is also applied to the
additional channel, it can be used in the CA-Scope. See chapter 6 - Display Setup.

Version 1.4
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¥|Rod [mm]
131

[VIRod [mm]

131

Cylinder

Ignition misalig. [°CA]
Piston offset - PO [mm]
Crankshaft offset - CO [mn

Additional channels

Pressure channel

S0I/E0I channel
No. of injections
501 trigger level

EOQI trigger level

Ignition
1
3
2
Ignition

<Unassigned >

<Unassigned >
0
0
0
<Unassigned >

<Unassigned >

<Unassigned>
0
0
0
<Unassigned>

<Unassigned>

CA

If the engine has a crank offset, this needs
to be entered in the piston and crankshaft
offset of each cylinder. Here it is very
important to consider the running

direction of the crankshaft. Depending on
which the values must be entered with the
correct '+’ or *-* sign.

Info: If PO or CO is entered, stroke is not
available any more, crank pin must be
entered!

Start of injection (SOI) and also end of
injection (EOI) channel is also applied to
the cylinder. The setting is called SOI/EOI

but can handle various signals. The result will be the start and the stop position [deg] of the
applied signal.

In this example an ignition signal is applied. The Number of injections is set to 1, and the trigger
level for SOI is set to 3V, where EOI trigger level is set to 2V. If the ignition signal crosses 3V it will
return the angle position, related to the cylinder where it is applied [deg].

The same for EOI, if the signal crosses 2V (neg. edge) the position will be returned[deqg].

The unit of the trigger levels are related to the channel scaling on the analogue input.

In this case Ignition is scaled in voltage [V].

If multiple events occur, for example on a injection signal, the no of injections must be set, and the
function will return the start and stop position for every event.

¥

Injection
. Ignition/S01 0
- Ignition/ECI 0
. Ignition/SOI 1
- Ignition/EQI 1
= Ignition/SOI 2
= Ignition/EOI 2

CAlgnition/S0I 0 [deg]

ACT

CANgnitien/ECI 0 [deg]

ACT

Version 1.4
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Derivates
MEP
Heat release
Wark
Power
Torgue
Zero correction
Injection
= Ignition/S0I 0
— Ignition/EQT O
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3.2 Angle Sensor Setup

The angle sensor setup defines the sampling type as Time domain or Angle domain (internal or
external clocking), and also the various CDM sensors which can be used.

For Angle domain sampling, the CDM sensor is clocking the A to D card of the CA. So every pulse
which comes from the CDM sensor is clocking the A to D card. In other words an analogue value
is acquired at every pulse, which results in a constant angle recording. The sampling rate is not
constant, because engine speed is changing, and therefore also the sampling rate.

In comparison, time domain CA measurement records the pressure signal and angle signal
coming from the CDM sensor with a fixed sampling rate 200kHz. This has the advantage

that all time domain related functions are not influenced by changes of the sample rate due to
shaft speed, and will stay the same. For example a power calculation is only working in time
domain (fixed sampling rate). Of course CA is still calculated in angle domain, and the CA data will
be recalculated into the angle domain.

The only disadvantage is that very high calculation power is required to recalculate time based
signals into angle based. For more information also check chapter 4.2 - Measurement Modes in
CA-Noise setup.

3.2.1 Angle Domain

Ao v o First the sampling type is
= : _ s _ selected.
B oo RS ol LT i onk s This can be either Angle domain

e e e

Sampling Angle sensar type: Gear+Zero-360 Connected to Resolution or Time domain.
[angedomain  ~|  [com-3s0 v [coma,Re | [1deg;3s0piev:  ~|
CA-CPU tracking —
CDM Sensor:
Connected to If Angle domain, then the CA-CPU is shown if it
[coma,TRG -] is installed in the CA system. The Angle sensor is
CDMA TRG selected and connection is chosen. In this

example a CDM-360 sensor was selected. The
CDM sensor provides 2 signals, CDM (360p/rev)
- and TRG signal. These signals are connected to CDM-A and TRG of
=2 the CA instrument. On the encoder connector CDM-A and TRG is
also provided. If CDM B and TRG is selected, CDM-B is only accessable on the encoder input.

‘\@@@@@

6)CDMA
7) TRG Encoder AUX1 AUX2 CDM-A TRG CA
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If encoder is selected, CDM-A,B, and TRG must be

Angle sensor type: Encoder-1800, X1 Connected to Connected to the enCOder connector.
CA-CPU tracking [l

A CDM sensor with missing teeth (60-2), can be

ol Sl R Connected to connected either to CA or CDM-A input of the CA-
60-2 -] CA ~J CPU. If the 60-2 signal is an analogue signal (green),
e ™ = it must be connected to the CA input. The CA input

can handle voltage up to 60V and has 2 trigger levels
available. In comparison CDM-A can only handle TTL (0 to 5V) input. Some conditioned sensors
provide a TTL signal on the output.

Angle sensor type: Ms teeth-55-2 Comected to Resdlution In the properties of the CA CPU the trigger level
fjjmm - = & - B and the signal edges and also the filter can be
: & CACPU setting: = l=lEsl| defined. Trigger level is only valid for the CA
e M el e e - ¥To=——— | input connector. Here an analogue signal is
' oo e e e | €XPected, and for this the trigger level can be set
e [Positve ] {H_; (default value 0,4V). If a filter is set, the signal
- ~ | must be high or low for the defined duration that
- it is valid. In harsh electrical environments where

spikes could disturb the signals, this can be
used to filter the input signal. The signal edge defines the direction of the input signal, and
depending on the input sensor this can be set for signal and zero pulse. In the case of a 60-2
signal (green), the negative edge must be set, to detect the gap correctly. The picture below gives
an example why positive edge will not work. During the gap, positive slope is undefined, negative
slopes are defined. If the 60-2 is not detected in the right way a simple change of the edge usually
solves the problem. If this does not help, connect the signal to an analogue input, and record it
with sufficient sampling rate, 20 times the signal frequency and check the signal to find out why
detection doesn’t work. Below the angle sensor setting, messages will indicate possible errors.

=u

Angle sensor type: Miss teeth-53-2 Connected to Resolution

80-2 | |ca v| |0,2 deg.; 1800pjrev =

Wrong hole in gap detection | |
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Under resolution the angle

Connected to Resolution Angle sensor type: Gear+Zero-360  resolution can be set. The ¥
| coma, TG v| |1 deg. 360 pirev= | [com-zs0 ~| indicates the native
e-' plrev_ Encoder-350 resolution of the sensor.

20.; 2 =" _ . .
o deq.; 720 pirev ‘ gﬂz;gé& | Higher and lower resolutions
e S— 0,4 deg.; 900 pjrev | Encoder-1024 are achieved via

0,2 deg.; 1800 pfrev Encoder-1300 o, t lati dividi
R R shscrutc interpolation or dividing,
60-2 done by the CA-CPU.
36-2
CDM-720
Tape

For angle domain measurements, Dewetron CA supports 4 kinds of sensor.

Encoder: CDMA,B,TRG 3 signals digital
CDM Sensors: CDMA, TRG 2 signals digital
Geartooth with missing teeth: CA, CDMA 1 signal analogue, digital
Geartooth with double teeth: CA, CDMA 1 signal analogue, digital

The major 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 DEWESsoft.

: -8 x
& Counter sensors editor
| (y ot + - =
| @ Help || Sethings | £ | 1 I: I EXIT
el 1 3 M
| Project y new sensorl T Add sensor  Remove sensor  Save & Exit Cancel
=8 Hardware setup ... Sensor type Signal level
| i Project setup ... [Encoder "] Signal type ol flter
452 Global setup ... Encoder satup
4 o e - Signal edge
EI Sensor editor ... Pulses per revolution Default encoder mode
=
™ Counter sensor editor ... IJ Zero pulse edge
51 units editor ...

Here a new counter sensor can be defined. Add sensor will create a new sensor, and the sensor
can be renamed, and settings can be applied depending on the selected sensor type. For every
sensor type signal filter and signal slopes can be defined.

g ‘Signal level in encoder mode pulses/revolution and
s ;) e _ % counting mode must be set.

Encodersetop [

P_u]sesper revolution Default encoder mode

360 X1 =

Zero pulse edge
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Sensor type Signal level r CDM + TRG sensors only require the
nal ignal filter .
[Geartoch ith zero, COM + TRG al e - pulses/revolution.
.
=50
Zero pulse edge
Sensor type Signal level A 60-2 sensor is defined via the geartooth
[Geartooth with missing te<h o] Feneie — S'glm e ] with missing teeth. Here the number of
Digital (1T leve) teeth and the number of missing teeth are
alog voltage . . .
s T sl e defined. Additionally signal type can be

58 2 0 0 0 0

defined for this sensor type, and the signal
can be digital or analogue. Depending on this setting, the sensor is only available for selection if
the input can handle the signal type.

For a geartooth with double teeth, the

nal Signal filter
[Gearmwﬂwdwuew D e ——— e .| number of teeth and the number of double
e Sope e teeth are specified
EP R
3.2.2 Time Domain
Dynamic acquisition rate For time domain sampling sensor settings are similar. The only
mpling
100 |} M difference is that the sampling rate must be defined in the
TeHzieh] (- analogue channel set up first.
Sensor and sampling
Sampling Angle sensor type: Encoder-512, X1 Connected to Resolution  (Upper speed limit is 8333 RPM)
| Time domain v|  |Encoder-512 - |coMa,B,TRG v| b5 deq. 720pfey | |
CA-CPU tracking E]

Beside the selected angle resolution the maximum engine speed is shown which could be
achieved with the set sampling rate and the selected resolution.

Depending on the selected angle sensor, it can be connected to various inputs.

Encoder can be connected to
Sampling Angle sensor type: Encoder-512, X1 Connected to Resoluton  {Upper speed limit is 333 RPM)
[Txmedomain v] [Enmderfslz v] E 0,5 deg.; 720 pfrev - CDMA,B,TRG On the CA'CPU
CA-CPU vrackng ™ input, or to counter inputs if they
e — O :
TR | Na. of cydes Thermo. loss angle Eg:gﬂg Cylinder must not be fired for TOC detection! are avallable on the CA SyStem'
The same with CDM sensor.
[T - | g:a”“‘* St o ] i e m“":e'mf‘““m“”"“ This could be connected, at
ime domain = = =i 3 OEg.; pjrev -
e T CDMA and TRG input of the
e ST s CA-CPU, or to a CNT input.
Trigger offset | Ho. of cycles Therma. loss angle E0_CNTG ] Cylinder must not be fired for TOC detection!
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For the Geartooth with missing teeth , or double teeth, the sensor connection depends on if
sensor has analogue output or digital output.

If a 60-2 sensor (geartooth with
missing teeth) is defined as a

Sampling Miss teeth-58-2 Max. speed: 25000rpm Connected to Resolution  (Upper speed limit is 8333 RPM)

Time domain v| |6E|-2 - [ v] |U,5 deg.; 720 pfrev -

@ digital sensor, in the counter
oo sensor setup, it can be

Trigger offset No. of cyces Thermo. loss angle E0_CNTS Cylinder rust not be fired for TOC detection!

connected to CDMA, or to any
counter input.

_ : : _ . If it is defined as analogue, it
Sampling Angle sensor type: Miss teeth-58-2 Connected to Resolution  {Upper speed limit is 8333 RPM)
|ﬁmedomaln v‘ |6E|-2 VI v] |E|,5 deg.; 720 pjrev vi mUSt be ConneCted to an
# 7 analogue input channel.

Trinner nffest L e Thormea lams mals

e pEssNE = e
5L0T QONIOFFEI C NAME AMPLIFIER (011) 5]
o s [ ouar cuces
a4 B e, e T
S| -
RSl =
o Y
e [T ==
B e -
7 F%I““P’E““’E g?:\z:;.EmUkHz[EE];Exc3mA S
] il b cmecedto  Resbion (persesdin  Jnder properties, the trigger levels
Mo o)l > = T passeEmeE_ Tl must be set up. First the trigger edge
P e - 1 Is defined, according to the signal
Trigger g — — (see c_hapter 3.2.1_ about 60-2 s_Iope
[ — T (e ) detection). Also trigger and retrigger
7 nevigerteve level are set. It is recommended to
- coor [ Er— & use retrigger level to avoid false
, . Ty 0> B triggers. False triggers will disturb CA

operation, caused by incorrect angle
information.

Retrigger: After a trigger occurs, the
retrigger level must be crossed, after
which the trigger is armed again. So
noise around a trigger will not cause
any false triggers.

Min value

Templates

s ]

‘ | Cancel
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The possible routings for angle and time domain are shown in the table.

e Angle domaini Type i CACPU i _____.NMOCACPU

Encoder CoTTL CDMAB,TRG R S
! ! | ext.Clock, ext.Trg. on DIO-

CoM i TTL . CDMAOrCDMB,TRG i comector

Gearthooth with missing, double | 5 5

teeth L TTLG CAorCDMA  © *

Gearthooth with missing, double ! | !

teeth | Analogue | CA ! *

e Time domain: Type i CA-CPU_ i ... noCACPU_

Encoder L TTL CDMAB,TRG or CNT-Input = CNT-Input

COM i TIL | CDMA,TRGOrCNT-nput | CNT-lnput

Gearthooth with missing, double

teeth 4 TTL CDMA or CNT-lnput ___ » CNT-lnput

Gearthooth with missing, double ; ;

teeth . Analogue ! analogue Input : analogue Input

3.2.3 TDC Detection

Top dead centre detection is used to shift the

RS R = |on.2 | reference cylinder pressure to 0deg. An angle sensor
Pressure chamnel ™ i can rarely be mounted, so that Top Dead Centre
oo mesle Al |° (TDC) of the reference cylinder fits to Odeg of the

angle sensor.

The offset between angle sensor zero and TDC position of the reference cyclinder is called trigger
offset. This can be entered manually, or it can be measured.

Trigger offset No. of cydes Thermo. loss angle TDC detection Cylinder st not be fired for TDC detection!

] [eca] 2 o7 start TDE will be performed on reference cylinder 1

_180 b 180

This picture shows the offset when the engine is cranked (not fired). The offset can now be
entered manually or automatically measured and applied. For automatic measurement (START),
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 No. of cydes Thermo. loss angle TDC detection Min Ave Max st Cyde

42,9 [ecal 20 0,7 [ Start =39 42,9 421 0,5 0 [=cA]
I =

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

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.

Instead of a pressure sensor, a TDC sensor can be used, whereby the TDC sensor will be
connected to an analogue input and applied to the reference cylinder in the CA 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 applied to the CA setup.

sLoT| onforFE ¢ NAME AMPLIFIER (011) =
P1 DAQP-CHARGE-B SN: 396993
0 | Unused 2000 pE . 100 kHz [BE] Cylinder Ref. cyl. 1 =yl 2 ‘
2 P2 DAQP-CHARGE-B SN: 356554
1 e 3000 pC . 100 kHz [BE] Pressure channel TDC_Sensor |z| P2
o P DAQP-LY SN: 403905 — —
2 | Used |2 25 100 kHz [BE) Ignition misalig. [*CA] 0 0
I3 @ B TDC_Sensor DAQP-LY SM: 403505 Piston offest - PO a 0
used |3 10 .. 100 kHz [BE) iston offset - PO [mm]
Trigger offset Mo. of cydes Thermo. loss angle TDC detection Cylinder must hot be fired for TDC detection!
12,9 [FCA] 20 0 Start TDC will be perfarmed on reference cylinder 1
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3.3 Calculations, Zero Point Correction

In the calculations section the derivation, MEP, statistic values and the zero point correction

of the pressure signal will be defined. Also the pV-diagram, pressure curve, and derivation of the
pressure signal is shown here., where on the right side of the display the major parameters are
indicated, for a fast check during set up.

B mone ng egessnssr (1% cakatotors ||/ Memmedinamcs gy mnok detecson

+ | Derrvation from |5tatistics ] Dertvaton ¥ 5eatistis

e “E0 x| e /| Hest release Amace.

| Derivation from [¥] statistics [¥] Derivation | Statistics

[v|meP -360 tg 360 ecaj| [¥Imep [/ Heat release |_“"""'Er-5‘5|E v|

Under Cycle values for each cylinder, the result channels for mean effective pressure (MEP), and
also the derivation can be selected for calculation.

If MEP is checked: IMEPg, IMEPNn, and PMEP will be calculated for each cycle.

Indicated mean effective pressure g (IMEPQ) = gross [bar]
Indicated mean effective pressure n (IMEPN) = netto  [bar]

Pump mean effective pressure (PMEP) [bar]
v IMEFh (K = /MEPg + PMEP = IMEPn

= P1/IMEFg

= P1/IMEPn IMEFg [I:n-ar]

= P1/PMEP FMEF RS [bar]

= P2/IMEPg 5

~ P2/IMEPn

= P2/PMEP

-~ P3/IMEFg

- P3/IMEPn

~ P3/PMEP
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If Derivation is checked, it will calculate the derivation cycle based parameters for every cylinder.

¥  Derivates Max D [bar/deq]
-~ P1MaxD Max D Pos [deg]
= P1Max D Pos
= P2Max D
— P2Max D Pos
= P3MaxD
— P3Max D Pos

[#] Dexivation from Derivation provides a FROM — TO range selection. In this case the

—_ maximum derivation will be searched in the area which is specified.
-120 to 120| [°CA]

AL

| K 'W».-W”‘HNWMW“W‘WWNWW"&WW”

MMHWW,-.'M'MwHW-WEW‘W--W

- — -T-----
1
4 T
plesseteapanssenns

The upper example shows some noise on the derivation of the pressure signal, caused by an
opening or closing valve. The range selection will exclude this area for the derivation result.

Total Average:

¥ Average values Total Average will calculate the overall
— P1fAve Max P
/ 7 Statistics | Derivation average of the cycle based values, and

- PUfAvettaxE Pos will return 1 value at the end.
= PifAve MaxD /| MEP | Heat release

— P1fAve Max D Pos
= P1/AveIlMEFPg

= P1/AveIMEPn o

P 1/AvePMEP Statistic: Ave Max P, Ave Max P Pos

MEP: AvelMEPg, AvelMEPNn, AvePMEP
Derivation: Ave Max D, Ave Max D Pos

Heat release: Ave Ixx, AveSOC, AveEOC

= P1fAvels

= P1fAvel1D

= P1/Avel50

= P1fAvelqn

= P1fAvelXX

= PifAvesOC

= Pi/AveEOC

= P2/Ave Max P

= P2/Ave Max P Pos
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Cycle based average of engine:

¥ 88 cao

Max pressures
Derivates

MEP

Heat releasze
Work

Power

Torque

Zero correction
Average values
Injection

= Cyde count

— Pulses per cyde

Y Yy YYYYYYYY

— PMax sum

— IMBPg sum

— PMEP sum

— IMEPn sum
- 150 sum

- Speed

— Time

Version 1.4

If this option is checked, statistic values are
calculated over the cycle based results of each
[/] Statistics cylinder. The result channels are indicated
lm,erage ,] with NAME + sum.

Average . ) .
_EQ‘_ The picture on the left of the display will show

these results.
If Average is selected, PMax sum is the average over all cylinders.
(P1/Max P + P2/Max P + P3/Max P)/3 = PMax sum = 1 value/cycle

If Aligned is selected, PMax sum will output the maximum pressure of
every cylinder aligned to create a single channel.

P1/Max P, P2/Max P, P3/Max P, P1/Max P, P2/Max P, P3/Max P,
P1l/Max P,...... = 3values/cycle.

In this case the maximum pressure of every cycle and every cylinder is
applied to one channel, this could be visualized in the recorder to see the
maximum pressure fluctuation of each cylinder in one channel.

For MEP and 150 values it is done in the same way.
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Pressure channels which are used for indicating, are typically charge based sensors. These
sensors can handle high temperatures up tp 200deg, but they cannot measure the absolute
pressure, and the offset changes with temperature (engine load).

k)

_________________________

e

1
G

=
2
=
4
=

2
M
i
b
b}
4

33400 2

However, the absolute pressure is required for all the CA calculations, so the offset must be
corrected.

Dewetron CA provides 3 different correction principles:

Thermodynamic zero:

Carrection principle First ref. point Second ref. point
[Thermudynamic ZErD - ] -100 [*CA] 65 [*CA]

With this method, two points (default -100, -65deg) of the pressure curve, the volume and

CA

pressure are measured. Out of the volume and pressure difference, and the entered polytrophic
coefficient, the inlet pressure is calculated. The pressure curve is shifted (offset only) to get the

right pressure at bottom dead centre.

¥ Zeocorecion | he zero correction offset is also provided as a result output, for each
~ P1/PCarr cylinder.
= P2{PCarr
= P3/PCarr
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From Known value:

Correction principle Correct To
[From known zero value v] -130 [FCA] 1 [bar]

Using this method the pressure curve is set to a defined (static) value.
“Correct” specifies the position related to TDC where it should be corrected.

From Measured Value:

Correction principle Correct at To measured Measured of (relative to TDC of ref. cylinder; 0-720 deg)
[From measured zero value v] -180 [I.r'detpressure vl B

Finally if selecting ‘From Measured Value, 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 centre).

“Correction at”, defines the position on which the pressure should be corrected.
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3.4 Thermodynamics, SOC, EOC, I50

In the thermodynamic section, the temperature and heat release calculations are set up.
Temperature over crank angle, heat release, integrated heat release, SOC, EOC, and also the

burned mass fraction levels are calculated.

5| Engne " Anglesensor [ calaatons | [/ Thermodynamics | g Knock detection

Vol. effidency

TQ unit TIunit
F [Omades ~| [imts -

For the Temperature calculation the gas mass is required. This can be either manually entered,
or calculated. If 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 corrected high pressure curve.

+ | Temperature
Gas mass (effident)
0,5567 [al

Calculated

o Engine ' Angle sensor & Calculations _fThermodynamics i_g Knodk detection

J| Temperature
Gas mass (effident) Intake pressure Intake temp. Vol. effidency

10,5567 lal 1 [bar] 20 [=C] 0,9
¥ Calculated Measured

| Temperature
Gas mass (efficdent) Intake pressure Intake temp. Vol. efficency

0,21025 [al 1 [bar] 20 [°C] 0,9
| Calculated /| Measured
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For the heat release calculation, the start and end positions for calculation must be defined. The
typical range is from -30deg to 90deg, an earlier injection start angle must be set according to
injection (-65deg).

+|Heat release
Start angle End angle User point: TQ unit TI unit
30 a0 75 e/ [om~3des ] [% -

SOC, EOC and also the burned mass fraction (BMF) points 15, 110, 150, 190 and

1 Ixx (User point) are calculated if heat relase is activated.

ECC EIE [Tl

Depending on fuel type (Diesel/Gasoline) selected in the engine setup (4.1)
SOC is defined differently: Gasoline where BMF =5%, and for Diesel BMF
110 L8 Wl crosses 0%.

[ 15.5 [Ca)

5 ['Cal

Burned mass fraction is calculated out of integrated heat release Tl. The
maximum of the integrated heat release corresponds to 100%, and the angle
g 1.7 §=3l positions for 15%, to 190% are extracted .

| /\/‘ 190

EhN 3.6 [T

100

1
s
-

\
\_
/

- ,%f|5 ! ]

P15 [deg] AST PAASO (deg] ACT P1/ISO [deg]

09 | 136 | 268 |

TQ unit TI unit For heat release (TQ) and integrated heat release (TI) various

|n,-r, «~| output formats are available.
I?l"rﬂ .I_-I I?l"rﬂ

IJﬁ:Ieg ]

T10:

kJ/m3/deg related work[kJ] to 1m?3 per 1deg volume is related to Vs = swept volume

%
J/deg

Version 1.4

scaled to sum of 100% (integrated signal =100%)
related work[J] per 1deg
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TI: Integrated heat release

kJ/m3 work[kJ] to 1m3 per 1deg volume is related to Vs = swept volume
% scaled to maximum of integrated value = 100%
J related work [J]

Thermodynamic Result Channels:

¥  Cydedats Angle based results(-360, 360 deg) are heat release (TQ) and integrated
— P1/Pressure heat release (TI).
= P1/Derivative
= P1fVolume
= P1/TI
= P1/TQ

¥ 29 can Cycle based results (1 value/ 2rev.) are:
| 3 Max pressures
B Derivates Ixx, 15 to 190 burned mass fraction, and also SOC and EOC.
> MEF
¥ Heat release

= P1I5

= P1110

— P1/1I50

= P1/120

= P1/IXX

= P1f50C

= P1EOC
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3.5 Knock detection

3.5.4 Knocking Basics

Knocking is an uncontrolled burning of fuel in gasoline and gas engines. In normal operation, the
fuel-air mixture is ignited by the spark plug and burns continuously. When the engine is knocking,
a self-ignition starts in the outer side of the combustion chamber causing high pressure transients,
which will overload the engine mechanically and thermally. This can seriously harm the engine’s
parts, especially the piston. The knock detection algorithm indicates this knocking, so that the user
can react to this abnormal condition.

The pressure signal is the input into a knocking filter which lets the higher frequency components
pass around the maximum cylinder pressure to be investigated further. The knocking frequencies
are typically between 5 kHz — 12 kHz.

Here the maximum pressure value is one indication for knocking.

F The example shows a standard
internal combustion pressure
. curve.
£z The high-pass (HP) filter (red)
& 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 extracts frequency components
A & which are above the cut-off
: & frequency.
- sanadt bty -M

i In comparison to the upper
curve, we can see pressure

e e o fluctuations on the falling slope
z | - \\ of the pressure curve (blue).
A R Y L N The combustion pressure curve

can reach very high pressures
>>100 bar, so sometimes it is

CADP_ZYL4KnockHP; [bar]

CANP_7V 4/Pres:
S

I S ............................ ................................ hard to observe it on top of the
: main  combustion  pressure
N ’W WMM curve. If we only extract the high
o : . PR, A N N

frequency components above
5000 Hz we can analyse knocking much easier. The high-pass filtered pressure signal (red line)
indicates now the pressure fluctuation around the maximum of the pressure curve.
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Another important value is the maximum pressure of this high-pass filtered signal (red), which can
be extracted and visualised in a recorder display, immediately reflecting the pressure transients of
the previous cycles.

Es‘ﬂ_“r _______ i Co T N . B

2053

CADMax HP [bar]
1,408

e ————— — —
|
1
|
1
1
1
|
1
|
1
|
1
|
1
1
|

0,733

P
5]
<

— e — e ———— — —

[}
T T T =
289653 285798 285943 25008,8 200233 ¥

This value is a good indication of knocking, but in some circumstances it can show incorrect
information.

When 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.

T e — Knocking typically starts at the

: : | pressure maximum, and

5 5 3 continues on the falling slope of
R FM\ """"""""" """"""""""""""""""" the pressure signal.

’ L \\ So instead of taking only one

? value (peak), we could integrate

the high-pass filtered signal of

: ; the negative part of the pressure

R N hl ,,,,,,,,,,,, I slope.

: e
-

bar]

0
p%"

CADP_ZVL4inockHP; [bar]

CADP_ZYL4/Pressure;
A

Ilmlh‘{m%",'lmxﬁwmwwm\

This integrated value (knock integral = KI) will give a more stable value for single transient noise
peaks. The high-pass filter outputs the absolute pressure (positive values only). So if we
integrate the signal, we can reject a single transient, but will also sum up the noise which may be
present all the time. Depending on the engine speed, the noise will also increase and hence the
integrated signal also. With a single integration it will be hard to determine: Is this knocking, or
simply noise?
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. To overcome this, the integration
i 3 i can also be done before the
SR B o maximum pressure, and the

Tm 5 A4 i
2 \\ results before and after can be
& ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N compared to each other.

INT_Refe ﬁence

o ot s D U]

KnockFactor = INT_Reference / INT_Knock

So the KF will give a weighted result related to knocking.

Without any knocking present the KF is around 1.

The integration windows (reference window; knock window) will separate at the average
maximum pressure position.

s
=1

=5 e

T

A "

& e / \\\

JMM

\
Q‘H!l‘v”ﬂ‘.*J'r{\.ﬂ\hw-.=—s,««,ww,.~.w

CAOMax HP [bar]

®
2
289653 289798 289843 230088 290233 #

This example shows the pressure curve (blue) and the high-pass filtered signal (red) in the upper
diagram, and then below, the maximum pressure extracted from the high-pass filtered signal (red)
and also the calculated KF (orange). Both maximum graphs show peaks, so knocking is present
and could be detected in either way — as long as no spikes are present.
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100

[bar]
375
s

CADPZyIA_Pressure, [bar]
50

CADPZyIA_¥nockHP,
25 o5

CADMax HP [bar]
25

e = =

- -
| } !
28965.3 289798 280943 29008.8 290233 &

A bit earlier in time, we can see an error 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

obtained is close to 1.

So robust knock detection is provided, even if there are accidental spikes in the signal.
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™2
g &
3 s “MWMM%WMMHMM«M#MMML Iyl WW\WWMM&«%MMW
£ | ! !
o e !_ __________________ !. __________________ !. _________________ _
0,0 363.0 7260 1089,1 14521

If the pressure signal contains noise, the KF (orange) will stay around 1,
because integrated noise is similar in the reference (green) window and knock (red) window.
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3.5.5 Setup of Knocking (Mannesmann VDO AG)

In the ‘Knocking Basics’ section, it was described which signals can be obtained from the knock
detection algorithm.

e HP filtered pressure signal
e Maximum value of HP filtered pressure signal
e Knocking factor

To get this value, knock detection must be enabled in the CA setup in Dewesoft.

CAD - + -—
Io Engine |‘:.“‘ Angle sensor & Calculations / Thermodynamics :_.ﬁ Knock detection

+/| Knock detection (Method Mannesmann VDO AG)

Lowpass filter: 30 [taps]
Highpass filter: 5000| [Hz] -
Moise threshold: 0,05 [bar] shift reference window:

Speed Correction
Reference signal window width: &0 [=CA] 1000 [RPM] 0 [°CA]
Knock signal window width: &0 [*CA] 6000 [RPM] 0 [°CA]

Low-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 equaling angle resolution. If the angle of the
CA is set to 0.1 deg and 80 taps are set, this will create a moving average window (smooting) of
80*0.1 deg= 8 deg. Out of the filtered (smoothed) curve the maximum pressure position is the
knock and reference window separation position.

recommended value [deg]: 4-10 deg - Info TAPS = xdeg/angle resolution!!!!

01

1

758

CADPZyA_Pressure; [bar]
505

253
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High-pass filter: Here the high-pass filter frequency is set in Hz. The pressure curve is high-pass
fillered (blue) and the result can be shown in the CA-Scope. The channel is named
CylinderChannelname/KnockHP.

recommended value [Hz]: 5000 Hz

> Cyde data
> Ave cyde data
¥ Knock detection

. p_7YL1/KnockHP

= p_TYL2/KnockHP

NW{,# = P_ZYL3/KnockHP
TTT i  R -~ P_ZYL4/KnockHP

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 set threshold, then
the set 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.

recommended value [bar]: 0.1 —0.5 bar

375

50

_________________________________________________________________________________________________________________________________________

CADIP_TYL4/Pressure; [bar]

CAQP_ZVL4KnockHP; [bar]
25
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Reference, Knock signal window width: The width of the reference window and the knock window

is defined here. It is recommended to set both windows to the same length. If this is done and the
noise threshold is set to a reasonable level, the KF 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.

e.g.:

reference window size [° CA]

knocking window size [° CA]

knocking factor KF, base value

30

30

1

60 30 0.5

30 60 2

Em- Eh r'/_M\

g § \\

._«; éa ——————————————————————————————————————————————————————————————————————————————————————————— R

5 &
INT_Refer;ence Mw EINT_Knoc
- N R, NWM"&“}W‘%*»‘HWWM
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Shift_reference _window: 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 depending to the actual engine speed.

/| Shift reference window:

100

Snead Correcuur
1000 [RPM] 0 [°CA]
2 6000 [RPM] 10 [FCA]

CADP_ZYL4KnockHP: [bar]

- 3 ! | Shift reference window:

Speed Correction
o 1000 RPM] 0 [=CA]
S SN el
' 5000 RPM] 10 [=ca]

0
o

In the upper two examples, the Reference window and the Knocking window are shown at
different engine speeds with the ‘Shift reference window’ option selected.

The first diagram at lower rpm shows the separation line between reference and knocking window
exactly at the maximum pressure point.

The second diagram shows the shifted separation line (dependant on current rpm), and
accordingly both integration windows shifted to the left by 10° crank angle. 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.
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Where are the output channels of the Knocking filter located?

¥ Knock detection
- P_ZYL1fKnockHP
- P_ZYL2f¥nockHP
. P_ZYL3/KnockHP
- P_ZYL4/KnockHP

¥ Knock detection
= P1KF
= P1Max HP
. P2JKF
= P2Max HP
~ P3KF
— P3Max HP
- P4/KF
= P4Max HP

Version 1.4

If CA-Scope is selected (2D diagram), the KnockHP channel is
located in the Knock detection group for all cylinders.

If a recorder window, or a digital instrument is selected, the
KnockFactor (KF) and the maximum value out of the high-pass filter
for each cylinder can be selected.
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Background Information

Combustion Analysis is mostly carried out in angle domain, in other words, the CDM sensor is
clocking the A/D card. In this case, every sample represents a specific angle value depending on
the CDM resolution. So the pressure curve is measured at fixed angle intervals (e.g. 0.1 deg),
independent from engine speed.

If we now take a look at time, the interval between samples will change with the engine speed. So
we get different sampling rates at different engine speeds - a normal IIR filter cannot be used in
this case.

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

minsamplerate [Hz] >= high-pass frequency [Hz] * 9 /2

Example:
5000 Hz * 9/ 2 = 22,500 Hz
With the high-pass filter set to 5000 Hz a sampling rate of at least 22,500 Hz is required.

22,500 Hz / 3600 * 60 = 375 rpm
At 0.1 deg resolution (3600 pulses per revolution) we need at least 375 rpm for the sampling rate
to be high enough for proper filter operation.

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

Resolution HP filter min. engine speed
[deg] [Hz] [rpm]

0.1 5000 375

0.2 5000 750

0.4 5000 1500

0.5 5000 1875

In case the engine speed is lower than required, the HP filter will be set to a lower frequency until
minimum engine speed is reached.
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Resolution engine speed HP filter max.
[deg] [rpm] [Hz]

0.2 600 4000

04 600 2000

0.5 600 1600

CA

The tables on the left give an example of the
maximum possible HP filter frequencies,
depending on resolution and engine speed.

We see that at 0.2 deg resolution and 600 rpm engine speed, the maximum HP filter which can be
calculated is 4000 Hz, at 720 rpm the maximum will be 4800 Hz.

Resolution engine Speed HP filter max.
[deg] [rpm] [Hz]

0.2 720 4800

0.4 720 2400

0.5 720 1920

Version 1.4

So if the required engine speed is not reached,
the HP filter frequency could be lower than it
was set, until the required engine speed
(sampling rate) is reached.
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Typical transfer function of HP filter (5000 Hz)

10,000

5000HzTF

1,000

0,100+

0,0104

0,0014

0,000 T v T T — T T — — T
100 200 300 500 800 2000 30004000 8000 20000

50000

5000HzTF

1,31

1,24

1,14

1,04

0,94

08

0,74

0,67

2000 3000 4000 5000 8000 10000 20000

Amplitudes can deviate £25% depending on frequency.

Version 1.4
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4 CA-Noise Setup

4.1 Introduction and Basics

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

For the measurement the cylinder pressure is recorded and transferred using a filter, whereby this
filter reflects the transfer characteristic between internal combustion pressure and outside noise.

4.2 Measurement Modes
The Dewetron combustion analyser (CA) supports two different recording modes.
These modes are:

e Time domain

) sampling Angle sensor type: Gear +7ero-360
e Angle domain .
Time domain - |CDI‘~"I—36I:I - |
1
Time domain I_

In angle domain the AD card is clocked from a CDM (Crank Disc Marker) sensor. Such sensors
create up to 3600pulses per revolution, and clock the AD card. Depending on the engine speed
the sampling rate of the AD card changes.

Example: CDM Sensor with 360pulses/rev engine speed 600rpm/60= 10Hz*360=3600Hz actual
sampling rate. If the engine runs at 1200rpm the sampling rate changes to 7200Hz.

In angle domain mode every clock pulse represents a specific angle, so for a CDM 360 sensor
lpulse = 1deg, independent from the engine speed. So there is no need to recalculate the
acquired samples to angle data.

The disadvantage is the changing sampling rate. From the example above we can see that,
depending on the engine speed we get different sampling rates, and this is the reason why some
instruments in the software do not show [s] or [Hz] when using external clocking.

Example: Recorders x axis becomes [rev]=revolutions and FFT x axis become [Ord.]

This is of no real relevance to normal CA measurement because all results of CA are typically
based on revolutions, angles, and cycles.
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In time domain the AD card of the measurement system (CA) is set to a fixed sampling rate,
whereby the angle signal from the CDM sensor is recorded with a counter input. In comparison to
angle domain mode, the sampling rate does not change with engine speed. So we still have time
information, and all instruments such as recorders and FFT displays are referenced to time.

CA Math expects a pressure and an angle signal which is equidistant, so in 0.1, 0.2, ...1, 2deg,
which is immediately available from an angle domain measurement. Now, because of the fixed
sampling rate, and various engine speeds, the angle and pressure signals could not be captured
on this fixed angle interval.

So CA Math now gets an additional task: it must recalculate (resample) the pressure and angle
signal to the required (set) resolution. Depending on resolution and engine speed this takes a lot
of CPU power.

Nevertheless, DEWE-CA is able to do the post processing. This mode is mainly used if additional
time information of a signal is needed. So during measurement CA parameters are only rough
additional information, which can be calculated with less resolution 0.5, 1deg to save
performance. In post processing the data could be recalculated with higher resolution.

For pure CA measurement, done on a test bed, Angle Domain measurement is mainly used,
because real time data with high angle resolution is required.

Angle domain: Angle information Angle Domain Pressure
Dynamic acquisition rate
CA-RIE-360 %0 . |External dock
frampesies] (<) Start on external trigger E

|

m AD card I

. Ext. CLK®
3 \ﬁ

CDM Sensor .
Time domain: Angle information Time Domain Pressure
CA-RIE-360 W - e
] Izl Start on external trigger E
e Counter |
Input
- ,".b e
N Q.# 4 .

CDM Sensor
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4.3 CA Noise Setup

The setup for CA Noise depends on the sampling method (Time / Angle Domain) of the

CA instrument.

As described in chapter 4.2, DEWE-CA is operated with a fixed (internal), or variable (external)
clock, and depending on this, the CA noise setup is different.

CA-Noise calculation requires a filter calculation (transfer filter), so we have to know the sampling
rate to apply the right filters.

4.3.1 Setup for TIME DOMAIN

To calculate the CA noise in time domain, a prepared MATH function will be used.

—2>INFO: CA Noise module will output 0, if external clocking (Angle Domain), and DEWESoft
version is 7.0.4 or higher is used. CA noise math is only allowed for TIME DOMAIN
sampling, otherwise results are wrong!

Basic Edit

Spectral -
Formula Filters Statistics Other Triggering g CAPSMeasure Rosettes v m

rurves anahesiz

| Teen Dract frequency R | SETUP |

..
Mo input H LA naise
"—\f-\ﬁ Envelope

willlk Delay channel

|
After adding the MATH we have to apply the pressure channels used for analysing CA noise.

CA naoise setup

- . ( \
Filters
U filter A filter
P3 e ———
P4
] TransferCount Weighted raw Overall value | Interval value

0,1 5

INPUT

On the left, INPUT’, the indicating pressure channels to be analysed for CA Noise are selected.
Here multiple channels can be selected.
On this channel(s) the U Filter (Transfer Filter) is applied for the CA Noise calculation.

Additionally, we can use the A filter (human hearing filter) to determine the human perception of
the noise produced by the engine.

9 INFO The unlt Of the Selected [¥] weighted raw [¥] overall value V| Interval value
channels must be [bar] or [Pa]! ot :

Input channel units must be either in bar or Pa
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CA noise setup

|| TransferCount

Weighted raw Overall value

Output o
Channels

There are 3 output channels for each selected input channel available.

Weighted raw: time domain signal with applied U- and optional A — filter.
This signal can be further analysed in the Sound Level Meter.

Overall value: calculates the CA noise over the whole measurement. At
the end of the measurement we will get one value, which is stored.

Interval value: here the CA noise is calculated in intervals. The interval
span can be set in seconds.

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 / 60=
10Hz = 100ms. So for a 4 stroke engine we have to set at least 200 or
400ms to cover 2 cycles. For higher speed engines, more cycles are
covered for the same interval and therefore the result will be averaged and
more stable.

For each input channel one or more output channels are available.

Dynamic acquisition rate

-

U filter 1 A filter

P2

P3 L [p ChE e |5

pa e e —

V] Interval value

5

P1/weighted

P1/CANDIze

. P1/CAnopise_t

CA

P2iweighted
P2ICANDise

P2iCAnoise_t

P3/weighted
P3ICANDIze

P3iCAnpise_t

Pé&/weighted

P&ICANDise

P&iCAnpise_t

Sampling LT e

The U filter and also the A filter, and human noise are located
in a frequency range of 18Hz to 20kHz, so the sampling rate
should be at least 36kHz .

For time domain CA measurements this is no problem,
because to get a sufficient angle resolution at high engine
speeds, the sampling rate is always higher than 36kHz.
0,5deg @ 4000rpm would give 4000rpm/60=66.66Hz*720=
48kHz.

Version 1.4

P1/CAnDise_t [dE]

bH |

P2iCAncise_t [dB]

g (9

P3ICAnoise_t [dB]

GEH

P4/CAnoise_t [dB]

EHA

ACT

¥ 58 math
= P1/CAncise_t
= P2{CAnoise_t
= P3/CAnoise_t
— P4/CAncise_t
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4.3.2 Setup for ANGLE DOMAIN

lonly available/allowed in Version 7.0.4 or higher! .
( y g ) \Jﬁ M . E 3 Kg%.:e nnnnn .
For Angle domain CA Noise is calculated via an FFT filter. = owoF | | weier €
The FFT filter will return an RMS pressure value L ER fter
calculated over approximately 8 revolutions. [ EFT fitter
The Angle resolution in CA should be set
— H Sampling Angle sensor type: Miss teeth-58-2 Connected to Resolution

to <_ O.Zde ! to have hlgh enough Angle domain 'l ‘60-2 " |CA 'l ‘D,l deg.; 3600 pfrev 'l
sampling rate at low engine speed. ovp— =)
The FFT Filter is located in MATH section - Filter > FFT filter
As described in the section 2, in the Angle e —d
Domain, the sampling rate changes with engine | - 9
speed, so that has to be taken into account for | % Sseshe D sl
the calculation. sec—y e -] b 3 [~
For the external clock this filter gets an EoEe
additional input to which the actual sample rate | -z== j
must be applied. e

Name P4/HL

Units T Culer-

=
To simplify the setup, 2 prepared templates for '
either LIN(Z) or A weighted filters are prepared. | s =~ oo
If this is not available, please refer to section 4 Templates
of this manual - ADD Filter Template. 1]

§ u—‘! [ o | [ comem |
These templates are available for Version 7.0.4 =
Filter type Flow Fhigh Frequency channel

and hlgher }Eé | custom... | ord|B0_CNT1/Frequ |
For previous versions this will not work and is [ Input ]mi[ FREQU. ]
not allowed. oo ST i
E:E:S(DU:PEVHE el ki |- A0 1IEST Y 7 Ampituge response

After selecting the Template for either LIN(Z) or | == e
A weighted filter, the frequency channel hasto |- = T
be applied. : .

p p Units - Color - 427,25 0,15917

. (e — =

Here BO_CNT1/Frequ(counter input channel) et = Gus  oen
must be selected.

793,46 0,8768

:I;:rage E%Eig ; 854,49 1,0463
After Input channel selection, setupis almost ||~ =
complete. EE = sl
ok | [ conce
All other settings such as 16k number of Lines,
Overlap = 0, and Window= Hanning, are set already by the template.
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DEWESoft 7.0.4

The filtered ouput value (RMS) must be recalculated D) o o e e o :
. Bz B Bl g « ~7 |28 [ :
into dB. pp el et B e s«mT RO AN ORI e S
S L Bk A k-k8 & 9
B [ o ‘e
e |
Used 2 5 Y 3| Sewn
o -:
This is done with a formula for all the e
filtered pressure channels. S
] ) o - o e
Prepared Templates will help to set this up. In case | Ssisi=s -
the template is not available it is recommended to ' _
type the formula manually. Depending on the e . — ———
pressure channel unit (bar, Pa), used in the FFT e N JEEEE e
filter, the corresponding Template or formula has to e
be used. e o e [ | e
| : [
Fommls sstup —== - — _i i —
, . e — — — —
Select the undefined channel, delete it U
and apply the FFT f|lter Va|ueS. e m.-- zo_lngml'undaaﬁra%dncuh;mal"
Repeat this with new formulas for all the S e :
pressure channels. ,
| 20 1ot ATEERTES T s0vos) 3
T Mow W
P1/H1, P1/H2,..... | o T e~
| t | | med i‘%‘g"""
=
v s [ e [ e | e
Sgnas. Feswe || Events (e
g2 g b e ::Ju |
Formuls setap B ES——_——
Formulas to convert FFT filter value into dB. ' A
&:T“:‘.:Jﬁmu oo [ 20-log10(5 |
Pressure channel unit = bar: e
0% log i ' FLAHL A0 D0e02 )
20*log10('FFTFILTERCHANNEL'/0.00002) . e L s
. i m:ﬁ ]y o] | ":E‘EL"’
Pressure channel unit = Pa: T REEE T ——
20*log10('FFT FILTERCHANNEL'/2) P [Eimisis] -
Hin walhie DA} g2 kgE N | e :i'::.
Terato '__A:-“-lbll * | G [ an | maw Ll
Jlil e |
5] [ oo
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If all calculated noise channels are set up, they can be displayed in a recorder or digital display.

ONJOFF | C HAME VALUE SETUP
& | (FFT |
E FFT filter Rms amplitude extraction of input channel
@ ' -H
: P1/HY = - 5
=i -
Used E. P2H1 5 ! 5 Setup
s -H
2 P3/H1 = [ 5
E . P4/H1 . -H =
5 a3 Formula 20%0g100P1/H1'10.00002)
veed 2 P1 Noise ' Sl SR
o 108
“ |\aib‘ Formula 20%og1 0 P2/H1'0.00002)
Used 2 o - [db{&]] Setup
. oise I 0 108 |
5 |\a=+I:E Formula 20%bg1 0 P3/H1'/0.00002)
veed 2 P3 Noise | i i
‘0 108
: |\a‘-b‘ Formula 20%l0g1 0 P4/H10.00002)
Used 2 T - [dB{A}] Setup
. 4 Noise I 0 108

¥ oo Math

= P1H1

= P2JH1

=, P3H1

= P4H1

X' P1 Noise

V¥ P2 Noise

%t P3 MNoise

VX' P4 Noise
¥ 9% cao
Max pressures
MEP
Wark
Power

Torque

¥ YyYYY¥YIYY

Zero correction
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4.4 ADD Filter Template

In section 3.2 “Angle domain CA Noise set up”, a custom filter curve has to be selected.
This is either already available in the Template selection of the FFT Filter, or has to be manually
created and stored into the Template Data base.

To get this filter there are two possibilities available:

4.4.3 Prepared Templates.xml file

This holds the defined Templates is provided
by Dewetron, and must be copied into the folder:

DEWESoft7\System\VV7_0

=>» Note if you have already stored other templates in DeweSoft, the new Templates.xml file
will overwrite the current one, and therefore delete all your previous templates.
This should be done only, if no template has been used before, otherwise proceed with
section 4.4.4 manually copy and store Templates .

4.4.4 Manually Copy the 2 Custom FFT Filter Curves

to the FFT Filter and store it into your existing Templates.xml file located in the
DEWESoft7\System\VV7_0 folder.

To do this, open the FFT filter in section MATH - Filter > FFT filter,
select CUSTOM Filter and copy the Filter coefficients into the TABLE.

=
FFT filter setup

The Filter coefficients are provided by Dewetron via two text files,

CA_NOISE_A.txt for the A weighted, and
CA_NOISE_Z.txt for the linear.

Mark all the values of one file, copy them from the file, and paste them into the CUSTOM Filter.

=D O caNeeu Edr Select all values in txt file and copy them.

Datei Bearbeiten Format Ansicht ?

16296,4 0,00104237
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> [F - = Right click to Ereq column and PASTE
- :rlanstrCuunt Fiter type Flow Fhigh It .
[custom x| |0 He |40 H
r— | —

roqi | e
20 | Copyto clipboard
0 Paste from clipboard

=>» Set Number of Lines to 16k e

= Set Overlap to 0% = —
= Window to Hanning Frstecant e - [ FREQU. ]
= + Add Template Nomberofies  Overp —
= Rename it to CA_Noise_x L o b o) o )
Where x is either A or Z weighting, ﬁ
depending on which table was
copied. S

o 305,18 |0,054023

366,21 0,098312

9 SAVE Uniits - Color 427,25 0,15917
o
With the CA Module, in external e - o _jpaers
clock mode, the Frequency channel
: H H Max 0,07711 - 793,46 0,8768
is also shown in the right upper Average S s
corner. sz Laus
Apply the BO_CNT1/Frequ counter S G

channel to the frequency channel.

More details in chapter 5.3.2.

Repeat the same procedure with the second custom filter curve.

After that both templates will be available for the next setup, and the configuration can be done
according to point 5.3.2.
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5 Display Setup and Result Output

CA

After changing to the measure screen, an automatically generated CA display is provided.
The provided display setup holds the major signals and channels for a fast start.

If CA display setup is not provided after a new setup was created, the automatic mode is not

activated.
DEWESoft - Setup: CA_Demo3cyl.d7s
LA
@/ Aoquisitiém Analgs Setup files  Ch.setup | Measure Desian

0@---

Stop Free Overview Scope Recorder

o

Store Pause

ﬂ
e

CA

FFT

2

5.1 Activate Automatic Display Generation

This can be activated in the global settings of DEWESoft under:

9 Settlngs ﬂ HE'FI {_g Settings Project settings
9 PrOJeCt Setup PrI:I_i ect » | Project folders || Starting setup ||Dq:iays || Security |
- Displays =y -

=8 Hardware setup ...

Automatically generate displays

|l Project setup ...

Below the automatic display configuration is shown. The selected instrument is the 2D diagram,

which can hold an angle based result.

~IH_ _H—i’

% PATorgee i
5 \’QJBQ

Version 1.4

L =
?5

” + < A > !
o r-yr\ ol R ,:ft:-"‘*u-cz.
\ / ' » o Y

Erene N - 7 ™

L Bt @ Hel | [y Settngs

i _¢

|43553

T PMax P Pos [deg] st ;_1

1ocnn
n} L_n_m g

227

30

| |
,v-_-ﬂ'-—-'f"'?‘\'_'ff""—\»—_-._-,ﬂl:,;,.y“ AT S i o
1
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If channels are applied or configuration is changed , automatic mode must be disabled, otherwise,

if we change back to channel setup and back again, settings are overwritten from automat
and settings are lost.

ic mode

Automatic mode is indicated through a tooth wheel. It is disabled if design mode is

@ activated once.

CA

Setup fles  Ch.setup | | Measure Design

EO =] 68 W F e W ¢ lfu

In the design mode displays can be added, removed, or modyfied.
Depending on the selcted display, angle based or cycle based channels are available.

The two major displays are the CA-Scope and the p-V diagram.

If this is added and selected, DEWESoft will only show angle based results in the channel
selector.

5.2 CA-Scope:

\ Anlge based results

100
26,075

Pressure Cyl. x

Derivate Cyl. x

Heat release TQ Cyl. x
Int. Heat release TI Cyl. x
Temperature Cyl. x
Speed related to Cyl. x

PATI; [%]
P Pressure; [bar]

The results are available for actual
(Cycle Data) and
averaged (Ave cycle data) cycles.

1,493

= | mn, | ¥ Ave cyde data
a =| "
= i' || — P1/AvePressure
earch Q. = P1jAveDerivative
= P1jAveTemperature
» Cyde data - PijAveTo
> Ave cyde data = P1fAveTl

= Ignition/Additional = P2/AvePressure
= P2/AveDerivative

= Inlet pressure /Additional R

Additional channels are also available for the CA-Scope. Additional channels could be any

analogue channel, aligned with the corresponding cylinder where it was applied to.
See chapter 3.1 additional channels.
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5.3 p-Vdiagram:

| O . - B="1 @ Inthe p-V diagram, actual and averaged
g * pressure channels can be shown.
1 = P1/Pressure
: = P2JPressure
,,,,,,,,,,,,,,,,,,,,, ! £ P3/Pressure

v Ave cyde data
= P1jAvePressure
= P2/AvePressure

T
|
|
|
|
|
|
|
|
|
|

A ——— o
|
|
|
|
|
|
|
|
|

J

= P3/AvePressure

I
|
|
I
|
|
I
!
L

Volume [dm~3]

I I I
1 | |
1 | |
| | |
1 | |
1 | |
1 | |
I | |
,,,,,,,,, A ____1L

I |
1 |
| |
1 |
1 |
1

|
|

|
|
|
|
|
|
| |
0,010 0,133 0,255 0,378 0,500

Sl = = = Properties of the p-V diagram provide Lin

or Log scaling. SOC, EOC and also

BN T Polytropic exponent can be shown.

Transparent | w |

Unified properties

Log b

v|s0c, Eoc
| Polytropic exponent

5.4 Cycle Based Results

Cycle based results such as MaxPressure are calculated for every cycle. So 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.

Setup files  Ch.setup | Measure Design

@ i Fioll i © o B E

Digital, Analogue, Bar Recorder
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C AP Max P, - [bar]
25

t= 02:51.878; PAMax P = 21 879 bar

kel
&
oy

If one of these instrument is selected or
added in the design mode, the channel
selector of DEWESoft will come up with the
cycle based result channels.

All these channels could be applied to the
instruments, so an individual measure
screen(s) can be configured.

02:50.2

02577

yYYYYyYYyYryryvyy

Average values

CAO0/P1/Max P, - [bar]

7500

ol

CAQ/P1Max P Pos; - [deg]

[

v

< Cyde count
< Pulses per cyde
= PMax sum
= IMEPg sum
= PMEP sum
= IMEPn sum

= [50 sum

= Time

CADP1 Max P, -[bar]

1711

i

LU

Typical measurement screen.

1)) Ftiid
HT HHH
535 £ :'-E_:E§§-
i3s3 L
2888 FHEY
gg
MEP EMbar) T Pme VAVEReq AT ALSOZM [deg]
1880° 3380
MEP_ZyE [bar] AT P max MAVE[bar] AT AL 5072 [deg]
| 119 |
fu 269,090722, A_S0_71 = BE§Y deg
R it grmnans L
....... TN | L R, S
] ] 1
....... B L ok e D
1 I 1
-------- o s el EE R
e N § EIPEE R
& 1 h 1 _
W R N amae &
““““ i o ST s
L L T T o e
[ :
oo 2043 4086
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5.5 Result Channels
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In chapter 5.3 and 5.4 we could already see the result channels in the channel selector depending
on the used instrument. This list should give an overview of the calculated result channels of the

CA-Plug IN.
[Cycle Based Resuits |
Name Unit Description
Px/Max P bar max. pressure of cylinder x
Px/Max P Pos | deg position of max pressure cylinder x
Px/Max D bar/deg | max. derivation
Px/Max D Pos |deg position of max. derivation cylinder x
Px/IMEPg bar indicated mean effective pressure gross
Px/IMEPn bar indicated mean effective pressure net = IMEPg-PMEP
Px/PMEP bar pump mean effective pressure
Px/15 deg position where integrated heat release reach 5 %
Px/110 deg position where integrated heat release reach 10 %
Px/150 deg position where integrated heat release reach 50 %
Px/190 deg position where integrated heat release reach 90 %
Px/IXX deg position where integrated heat release reach xx % customer definable
Px/SOC x deg position where SOI signal starts
Px/EOC x deg position where EOI signal stops
Px/Work J
Px/Power kw
Px/Torque Nm
Px/Pcorr bar calculated pressure of thermodynamic zero correction
Px/SOI x deg position where SOI signal starts
Px/EOI x deg position where EOI signal stops
Px/KF - knock factor
Px/Max Hp bar max. value after knock hp-filter
Cycle count - cycle counter
Pulses per cycle | - pulses per cycle
Pmax sum bar average or aligned max pressures of all cylinders
IMEPg sum bar average or aligned indicated mean effective pressure gross
average or aligned indicated mean effective pressure nett = IMEPg-
IMEPN sum bar PMEP
PMEPg sum bar average or aligned pump mean effective pressure
150 sum deg average or aligned position where integrated heat release reach 50 %
Speed rpm engine speed
Time S time
Version 1.4
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Name Unit Description
Px/Ave Max P bar averaged max. pressure of cylinder x
Px/Ave Max P
Pos deg averaged position of max pressure cylinder x
Px/Ave Max D bar/deg | averaged max. derivation
Px/Ave Max D
Pos deg averaged position of max. derivation cylinder x
Px/Ave IMEPg bar averaged indicated mean effective pressure gross
Px/Ave IMEPn bar averaged indicated mean effective pressure net = IMEPg-PMEP
Px/Ave PMEP bar averaged pump mean effective pressure
Px/Ave |5 deg averaged position where integrated heat release reach 5 %
Px/Ave 110 deg averaged position where integrated heat release reach 10 %
Px/Ave 150 deg averaged position where integrated heat release reach 50 %
Px/Ave 190 deg averaged position where integrated heat release reach 90 %

averaged position where integrated heat release reach xx % customer

Px/Ave IXX deg definable
Px/Ave SOC x deg averaged position where SOI signal starts
Px/Ave EOC x deg averaged position where EOI signal stops

[Angle Based Results

Px/Pressure bar

Px/Derivative bar/deg

Px/Volume dm3

Px/TI J, %, kd/m3 integrated heat release
Px/ITQ J/deg, %, kJ/m3/deg heat release
Px/Temperature K

Px/Speed rpm
[Ave. Angle Based Resuts |

Px/AvePressure bar vs. Deg

Px/AveDerivative bar/deg vs. Deg

Px/AveTemperature K

Px/AveTI J, %, kJ/m3 integrated heat release
Px/AveTQ Jideg, %, kJ/m3/deg | heat release

Please refer to storing options chapter 7 for averaged results calculation, and reset of averaged
calculation values.

Version 1.4

Page 54



6 Statistic Values, COV, Standard deviation

CA

If further statistic calculations of cycle based data are required, this can be done with the Basic

statistic function located in the mathematic section of DEWESoft.

DEWESoft - Setup: CA_Demo3cyl.d7s

i TTHITIYS
d / | —— \
4/ Acquisiton  Analysis Setup files | Ch. setup | Measure
3 ; il 1 [+1+)
H o H = L&D o e — 00
Store Save Save as File details Storing Analog CAN Alarms Math
Basic
4522 LR o ALt T ;f'»z
e & i E T Hettrénce T N - - spectral T i
Formula Filters Statistics = Other Triggering e CAPShezsure
furves anahrsis
HaX
O/ OFF ) C E fincic stasicioes VALUE
o
2 ™ Angle S€ .. =sensor calculation
e Array statistics =
g 5
= Trigger . -
Used & 1 e “[d
é. Angle Illllll, Classification [deq]
é . Frequen| ? Counting Hice
E HAX |
% E Basic st Correlation bEV, COV single value
é P1/Max PIEWE r el
Used g -oar]
o P1/Max PISTDEV =T
@ | 0 :
e -
é P1/Max PICOV o
! Basic statistics setup
[¥Icov

[ Time of Minimum

[] Time of Maximum

- CALC
[V]standard deviation Median —_—
I | ]
|_|CADP1Max D T [ s
|| CAD/P1Max D Pos
|| can/r1/IMEPG Time based Sample baged
< , AVE @ @‘Jr._r! Block size Overlap definition
Lsmﬂ P —
Output " 50 t|samples as absolute value -
Block based
Name P1/Max P/AVE = Span
! T
é s samples
Urits bar Color Riig
e T) /pe
Max value 50 bar Single value
Output
4+t e
e Al Triggered blocks
Average 0 bar e
Min 0 har S
STHRT STOF
Templates v | save Start - Stop blocks
(el
oK Cancel

In the INPUT section cycle
based results, can be applied to
the statistic module.

In the CALC area the type of
calculation is defined, for all
selected input channels.

The TYPE defines the type of
calculation. Here Sample based
calculation should be used.

Do not use Time based, as the
time based statistic module
resamples cycle based values to
the full sampling rate which
takes lot of processing power. It
is also not possible to set exact
calculation duration in this mode.

In the OUTPUT area result channels are provided, with the buttons < , - it is possible to switch
trough the result channels, in case renaming is required.
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For the calculation Type, various options are available:

6.1 Block based

Basic statistics setup -
TInput Output channels
Filter @ [Crvs ["] Crest factor cov
: %:r;‘f:ltepésj:‘-t"e o Average ] Peak [~ Time of Minimum
|| Pulses per cyde = ;
[ PMasc sem H [ Quadratic RMS | Peak-peak [ Time of Maximum
|| IMEPg sum [ Minimum || variance [ sum
|| PMEP sum
|| IMEPR sum [ Maximum Standard deviation Median
(T 150 sum
I~ speed Calculation type
|| Time:
|¥/| CAD/P1/Max P
7 i pos
|| CAD/P1Max D Pos &2 Time based
<- AVE - % Owerlap definition
owput | [Jsemples  [mschooutevae  ~
Block based
I Mame P1/Max P/AVE Span
29| samples
Units bar
P =—
Basic statistics setup -
Input Output channels
Filter D [ems Crest factor cov
A g!zt:;:ﬁre m Average Peak Time of Minimum
[~|Pulses per cyde E - ;
7 PMa sum H "] Quadratic rMs Peak-peak Time of Maximum
|_|IMEPg sum Minimum Variance Sum
|| PMEP sum o o
[C| MEPn sum Maximum Standard deviation || Median
|| 150 sum
| Speed Calculation type
| | Time
|¥|caD/P1Max P
& P
|| caD/PiMax D Pos &2 Time based
2 ave Sodesze
spa] [ oveRLe
owpue | 5 i
Block based B =
I - —— —
Units  bar Color Bunring

new result will be calculated after samples/2 .

Version 1.4
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For block based calculation, one
value will be calculated after a
number of samples, defined in
Block size, are available.

Overlap definition, defines the
start position of the next block.
Overlap can be defined in % or
via Span definition.

Running calculations will
calculate statistic values of the
last xx samples specified in the
Block size. In comparison to
block based, at every new input
value a new output value over
the last xx samples will be
calculated. Where as with block
based, the number of samples
specified in Block size must be
available to get a new output
value. If overlap is set to 50% a
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6.3 Single value

r
Basic statistics setup

Input Output channels

Filter Q [Orms [7] Crest factor cov

= Ei ; Average [ Peak ["] Time of Minimum

: Ignition £ .

I Inlet pressure U [ Quadratic RMS [~ Peak-peak [] Time of Maximum

[”| Cydle count [ Minimum || variance [F]5um

|| Pulses per cyde

|| PMax sum [ Maximum Standard deviation Median

|__| IMEPg sum

[ PP sum
|| IMEPn sum

(£ 150 sum

= f.:’;:d
[ CADJP 1/Max P 2 Time based Sample based
- e

Block based

Mame P1/Max P/AVE

Units bar Color Rurming

[[Preview | values

Max value 50 bar Single va

Basic statistics setup - -

Input Output channals

Filter @ [ems [ crest factor cov

= ;; ; Average ["Peak [ Time of Minimum

: Ignition = -

[ Inlet pressure Ll ["] Quadratic RMS | Peak-pesk [] Time of Maximum

["| Cyde count || Minimum || variance [ 5um

|| Pulses per cyde

|| PMax sum [ Maximum Standard deviation Median

|_| IMEPg sum

(] PP sum

|| || MEPR sum
I || 50 sum
= f.f‘r::d
[7] cADjP 1 /Max P 2 Time based Sample based
AVE Start trigger channel Stop trigger channel

g ovemLar

<_

o — [Cyde count '] [Cyde count
Mame P1/Max P/AVE —_—
’%‘ Vale  [Real data v Ve [Redldata -
o Mode [simpie edge ~| Mode |[simple edge -]
Units bar Color nning
TE—— Values [Pnsih've '] ansiﬁvE ']
— -
Max value 50 bar Fonoe Trig level 10 Trig level 110|
[ EmA. |
e + Mhs Ll *ﬁ. Ll *ﬁ.
Max Ot Tnggared blocks. Trig Trig
Average 0 bar P H
Hin O bar START STOP
Templates - Start - Stop blocks
J
¥ 3§ Math
= Trigger
= Angle
— Frequency
~ P1MaxPJAVE ...). See chapter 5.4 cycle based results.
= P1Max P/STDEV
= P1Max PjCOV
= P1Max PJAVE
— P1Max P/STDEV
= P1Max P/COV
¥ 9% cao
»> Max pressures
»> Derivates

Version 1.4
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For single value calculations,
one value is calculated over the
whole measurement.

In Start — Stop mode, the start
and end of calculation can be
defined via triggers. For a
trigger, any channel can be
used. In the example we can
see that the calculation is done
over 100 cycles, starting at 10
cycles and stopping at 110
cycles.

The results are available in the Math section of the channel list. Because these
are cycle based results, and channels can be shown in any instrument which
can handle cycle based results (recorder, bar graph, digital meter, analog meter,
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7 Storing Data, Averaged Results

Data can be stored in different ways. Either manually, or automatically with a trigger.
If data is stored manually, the user will define the start and stop of storing. In comparison with
triggered or automatic storing, trigger condition(s) will control start and stop.

7.1 Manually Store of Data

p- _: DEWESoft - Setup: CA_Demo3cyl.d7s
J Aciion Avls Sspfie | chseup | Mesmre If data is stored manually,
ad bl | OB+ & B (23 MW *  ALWAYS FAST is set as the storing type in

= . G i3
Store Save Save as File details| Storing Analog CAN Alarms Math Combustion CANOut

the storing option.

CA Data [] create a multifile
Folder
D:\DEWESoft7\Data\CA _Data " stop storing after
Storing type Static acquisition rate
|always fast v] Auto -
["] start storing automatically =)

Adjusted to 0,01 sec

&/}w m\- o . A P o
e 0 m m ll L At the measure screen, actual and averaged values
: T ,f” (red) are provided.
YHE
Average values are calculated from start of

measurement.

->Storing data into data file will reset all statistic
values, and calculate average values over the
storing duration until Stop is pressed.

¥ aeacevaies  CyCle- and angle-based average

= P1/Ave MaxP values correspond to stored data.
— P1/Ave Max P Pos

» Cyde data

¥ Ave cyde data
— P1/AvePressure
= P1fAveDerivative
= PlfAveTemperature
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A ORWESO - St CA_Demoseyf Do not press Pause!

-_-’:)I Acoumston N.\u Senofes Choseio | Messse | Prnt Desgn

R
Il wes = Pause will stop storing data into file, but
Y 1H| averaging of average channels will go on.
13 After Stop, averaged channel values are
B stored.
i
Sk PI_ltive Mg P fboar] et

.. AN |5 | Inthe example, PAUSE was pressed first,

prrrmesmeemw e e _and later STOP.

) Sé:'tzd | We could see that stored average was
Pl I I DO B . 7 calculated for the whole duration, and not
f _________ %&Wwﬁhﬁ\ _____________ 4 only for the stored data!
L averaged- W%WMWWM@I
. datajl stored | l B

- Manually Storing should be always terminated with STOP if average values are used in
analyse, to prevent wrong averaged data stored into data file!

7.1.1 Recalculate Average Values:

In case this was overseen, and averaged data is required, it can be recalculated in the analyse
mode.

«=~ | = .  DEWESoft - Datafile: CA Data.d7d

Ll LY
Amnuﬁ! analysis Datafies | Setup = Review  Print  Export

e
#. 2 = o |28 W

Channels Events Dat;l:aader File locking Math | Combustion|

CAD - + —
'\ s o [T e |NT e [N coiatons L/ Themodimanis gy Knock detection

Change to Offline math,
Combustion, and set

[ Calculated ] [V’lew Channel List]

calculation to from
[ Offline ] l'u"lew Channel List] Calculated to Offline.

m = = = - ChangetoReview, and Recalculate.
e After recalculation Save it into the data file.

Ve T
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7.2 Triggered Storing, Store XX cycle

Instead of storing data manually, as described in chapter 7.1, data can be stored automatically via
the trigger options of DEWESoft.

NEY & e Under storing options Fast On Trigger is
@ i B | (S - e 588 W | selected. Start storing condition is set to

T - relative time of 0s. This will cause storing
immediately after ARM is pressed in
measure mode.

- Statistic values are reset when ARM is
pressed, that’s why storing should start
immediately after ARM!

Source Trigger on
Alichs [AL | Math e = | Alchs | ar | Math data -
[[] Cyde count = . - ] Cyde count -
] pulkes per cycle K| [ Pl per cyeie 0| vobe [Redidatm -
[ PMax sum [ PMax sum
|| 5 wepg (] erg mode
O e an 7
ster ‘ |Qrean
am
s equ [ 150 sum Triglevel 100
[] spee | [] speed
O Tme o =l fTme |
[ caofpiMax P %ﬁ
[ cA0fP1MaxF Pos Trig

So start trigger is set to relative time and should start at Os[rev].
For Stop we can use any channel and select various trigger conditions.

Mostly, storing should stop if xx cycles are recorded, so stop trigger is set, if cycle count crosses
The number of desired cycles. ARM will reset all values including cycle count.

NER = e s e So that the measurement also stops
@0OO0om = = m W SRS immediately after the stop trigger condition,

G . o e s T - STOP Storing After 1 Trigger, must be
= selected. Otherwise only storing into
datafile is stoped, but measurment will go
on, and therefore also averaging of
average channels.

PR | (cosrscmeoms - SR —— + This is the standart setting how to store xxx
Co— § § '; cycles into data file.

the oo b § : : ;
e i ______________ e foreen- et After ARM, all will be reset, and storing will
e : : ; start. After 100 cycles storing and
C— [T I 1= measurement will stop. Averaged values
e - ' ' i *will fit to stored cycles.

T ar T a7 T2
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The aim of triggered storing is, to store on some events. So a channel or channels should be
observed, and in case storing should be started and stopped. The first target was to store exactly
a defined number of cycles into a data file, where also the averaged channels are calculated over

the stored cycles.

Start-trigger can be also any other channel for example Px/Max P, and in case maximum pressure
exceeds a certain level, storing should start, stop should be xxx cycles later, or on a different

condition.
N DEWLSGME - Setup: Ch_Demodcyld?:
&,{. Acamton Ansyes Sehpfies T mno | Mesmre
@ = o = - e M ;
Siare Sy Save as e detad Soneg  Laain) i1 CAN  Marms Math Comb CamDut
{ = -k

Eaider
O DEWES TPt st

ftaring fype
Tt ot o am
Startstoren automstraly

All chs | AT Math

data -

Cyde count

[ Pulses per cyde
[] PMax sum

[] MEPg sum

[] PMEP sum

[] MEPn sum

[] 150 sum

N[ speed

I [] Time

[] caopimax P

[] canfpiMax P Pos
[] canfpimax D

[] canfpiMax O Pos

[ T

[l value Real data bd

Mode Delta amplitude

[Pcsiﬁve hd ]

Delta level  100|

tehp i Chochp Pt Desgn
@ B m O m Om W ety
yeie Con -] ‘—’ ’}
) C 3 I|
I\
n
I
e o
JON -
P —— r__.’].r_.l'_ | |
ARM . [ [Trigger '}
"""""""""""""""""""""" " ﬁ" W ‘hr..-" -\:ll‘:‘*:“ j o v"“* n"ftt‘;
V}. _ H p i _;
St ———— AT #--AI ------- i R -
;i PR T stored T
] \;r;ul.-.»\.mw;'“ Idata
. | | .i .
< average duration >

Version 1.4

If start is set on a channel condition such
as maximum pressure, it is helpful to see
what was going on before it happened.

For this, pre-trigger in time or revolutions
can be set.

Optionally a post-trigger can be set, to
record for an additional period after a stop
condition.

If only a number of cycles should be stored
after a trigger event, we can set the stop-
trigger to the cycle channel.

The trigger condition must be set to Delta
Amplitude. This is required because after
ARM the cycle count will reset but now it is
waiting for a trigger, it will trigger at cycle x,
and it should stop at cycle x+number.
Delta Amplitude will do this it remembers
start and will stop after x + Delta level.

If this is done, the average channels are
reset at ARM of measurement. Average
channels will include the cycles before
trigger event.

If average values are required, for further
analysis, it must be recalculated in post
processing and stored.

The procedure is the same as described in
chapter 7.1.1 recalculate average channels.
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8 Analyse, Data Export
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In the Analyse section DEWESoft provides, data review, recalculation and also the export of the

data in various file formats.

To Analyse the recorded cycles, the black or yellow cursor is used in the recorder to browse
through the cycles. A recorder must be available on the analyse screen to do this.

Display setup can be adapted - Design or data can be exported = Export.

[ =+ ' DEwesoft - Datalke CA Data d7d

o h—-|n}= Tetafles  Sebg | Groen lml
orng started ot 38.09. 2012 1055 204685

« o b e X
iiia
Play  Replay seed: 1 Moge  Sound Offine matn &uto Recale  Save

= = H B B = ot g evert ot T8.08,2013 $0:59:29,
o | P g

Scope Recorder BT topped af 28,09 2012 101591 36,52

A
Qvervien

Ry

/| Unified preperties.
|5 e axs
[opierte O]
Feddals
e \ :
amme . =7
e - -———————— 241 | py3pg
LT
[ Vocaladiviniom &
4

| Sngle vahues as.

; 1
i
EEr—] A : VN N FDUSUV= N P S .
i . Ty
dem 7531648 T i 1 <> 1

TN

oo > | [ Setsngn | = - 5 S =

= = = My CA Data resid or
T femmatshe v | Postrat Landacice Multi page FPrint

Version 1.4

Print will print the actual screen
and values. Printer settings,

and header information can be
changed before data is printed.
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4}’ Acusmnon | m}- Datafles  Seho | Revew Bt | faport
!

","n A A - ._ Full speeddets = -
Fieors | MsBwsl  DEWESoR |Alawport | cicoosd | Relwovenme - egen
R
CADsa
I EEEEEEEEEE——S.
] o | |t st o e
«_mut'.{mzh N
DtAdem (*. Expertevents
Urevers e ot 58 ") sepaeate
o et 58 (s
FAMOS (*.dat) = L o
‘ﬁokwwi'.n-x‘ Export sy charrie with full rate
oy (*.del Interpolate async channels to hghest rate
RPCIT (i)

gr

8}
echrical Dt

CA

Various types of exports are available.
Direct export into Excel and Flexpro, as well as file
export.

For file export various file formats are provided to
export data into an appropriate format.

In the channel list, channels can be defined for export.
The default setting for export is full speed data.

In this mode the raw channels and the calculated
cycle based channels, and also math channels are
available for export. It does not provide an angle
based result, such as corrected pressure curve, heat
release, and all other angle based results.

To get the angle based result of CA
calculations Combustion data must

be selected for export.

[ A [Saten]
=0
(B DEWESaft7
O Exserts
Exporied @] Index | Tree | Acersied] Omeson Hame: |
I a0 [Combuy.. 141 tde  DEnam
=u e (Combasd... "1 Haw 150 wm
] M0 [Combums.. 88 tole tpend ch ]
_ e M @ (Combuss.. iE3 Scalar T anne S
e Va0 (Combums.. 141 e CAIPiMP
. Mah b (Cernbuss.. 1 Scalar CAQP LM  Pos
B MahDCombims. 141 flw  CAIPIMaxD
| n Mo  (Combuss 14,1 Coalw  CADPLMaxDPor
e - . DEWESoft - Datafile: CA Data .d7d
A\ ) N e
Acquisiion | Analysis Dats files  Setup | Review ‘ Print | Export |
\ [ e Full speed dat
“ e ol ull speeddata -
A 3
Flexpro MS Excel DEWESoft | File ewport | Clipboard Full speed data port

CA Data

A cton | .Ind‘\- Datafes Setp | Riww | Pt | Eapost
& Combestiondats =

o A -

Floors  MSEwd  DEWESoh |Mleeort| Cipbow | Dewweeslyordel | Egon

|

Reduced data

Combustion data |

Now angle based results are provided
for each pressure channel, as well as
for the additional channels.

| Export setup o vl Se.

o |

The results are provided in three
categories.

Cycle based data,will export angle
based results. P1, P2, TQ, TI, ...

Once per cycle data, will export the
cycle based results. P1MaxP, 150,...

Cycle average, will export the averaged

i) +| Doed ] ndec | Type

i ML
T 23 -
et PUALL IS =

arz 15

N
. < =
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Sy lgvmen

L
Scale

P2
L]

angle based results.
AVE P1, AVE P2, AVE P1 TI,...
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Angle based, and cycle based data, have various x channels and various data types. For angle
based results, the x channel runs from -360deg up to + 360deg (4Stroke),so we get a Vector for
every cycle. where with cycle based results a single value is calculated for every cycle.

At cycle average we get one vector for the whole measurements.

Vector/ cycle . o, * * *
¥ ‘_in’f ..+ ,-" ‘f‘.‘ ‘.‘.’¢ ‘f-‘ ”._
= * & 3
& Y/ / 1
I:I__2|:|- L ] -+
151
Single value / cycle
0123458723810 12 14 16 18 20 22 24
Cycles
=75
Ezu— Vector / measurement
o 151
2107
£
0 T T T
-350 -1&0 0 120 350

Some file formats do not support multiple data
formats. That's why DEWESoft reports a
massage to select only one result type.

=» Combustion data, only exports channels which are calculated in the CA-Plugin. It cannot
export any other channels such as basic math, statistic values calculated out of a statistic

function.
If this is required, data must be additionally exported with “Full speed data”.
.~ ' DEWESoft - Datafile: CA Data .d7d
A X
___/ Acquisition Analysis Data fles  Setup Review Print Export
fj::' | \:_' A .2._ | e Full speeddata = .v,-’
Flexpro M5 Excel DEWESoft | File ewport | Clipboard Full speed data port

Reduced data

Combustion data
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For the x base various formats are available at export.

Setup ‘ Review ‘ Print ‘ Export Degrees (by cycle) :

T

» Combustiondata - ‘V/ Vector: -360 to +360 , -360 to +360,....
Cycle: 0, 720, 1440, ...

Clipboard =~ Degrees (by cycle) - Export

| Degrees (by cycle) | Degrees (cont.):

Degrees (cont.)

Vector: -360 to +360, 360 to 1080, 1080 to 1800, ...

Cycles Cycle: 0, 720, 1440, ...

Samples

. __ .

Cycles:

Vector:0to1l,1to2,2to 3, ...
Cycle: 1, 2, 3, ...

Samples:
@0,5deg (720p/rev)

Vector: 0 to 1440, 1440 to 2880, 2880 to 4320, ...
Cycle: 0, 1440, 2880, 4320, ...

8.1 Multifile Export

Another option is to export several files at the same time. For this set the x base according to point
8. Samples, Cycles, Degrees by cycle, and change to Analysis.

oy

Anai:;.s Data fles &wlwiﬁht|5xm¢t.

| '-'}‘A I !‘..':* A = > Combustiondata = \V/

£ m
~ Flexpro | MSExcel DEWESoft Fileexport Clipboard | Degrees (by cyde) - Export New template  Edit template Delete template
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e P DEWESoft 7.0.5
A Ty Ul LY ¢ =
\/ Acquisifion | AnalySis ‘ Data files | sewp  Review
)3 |4 s R 2
sio v o =
Multifile export | Batch cale  Usefor measure Revertto orig AVIcompress Icon Rename  Delete

02.10.2012 13:45:19

2 ,Shift" select
o — — R
A < e
W e ¥ I | Seho
% * 83 A & @
Multifile export  Batch calc  Use for measure Revertto orig  AVI compress Load Tcon Rename  Delete Copy Cut Paste
¥ | CADats File name Start aees time \prsinn Sampia rate
| Multifile le
(=1 d: [daten] - 17;,« (. bet) ,]
|= 00 Time axis [Relative tme -

T DEWESoft - Datafile: MyFiles_0000.d7d

Y
Analysis Data files  Setup | Review | Print | Export |
=1 ; Combustiondata = /
A - » ombustiondata v
sl  DEWESoft Fileexport = Clipboard | Degrees (by cycle) ~ Export

CA

In the analysis screen, Data
files, select the first file, and the
last with SHIFT button pressed.
Files to export are now marked,
and can be exported with the
multi file export function.

The export Combustion data
must be selected, to get CA
based results at export.

The export location, can be set
up in the file directory section.
The default directory is the
Exports folder in the
DEWESOoft7 directory.

For the x-time base (Degrees by
cycle,..) in multi file export, the
actual settings in export are
used.

1@ 1 st

s
- e C—

Project settings —

Project

E 7

I Hardware setup ...

w‘ Starting setup || Displays ” Security ” Internal Variables H Data Hea:ﬁer H Memary H Storing |

(-]

Default folder for setup files
D:\DEWESof T\Setups),

| Counter sensor editor ...

SI units editor ..

Version 1.4

[ Project setup ... ‘ :
Default folder for stored data files
D \DEWESoft7\Data\CA _Datal

% Global setup ... \DEWESft7\Data\CA_Pata\ E]
Default folder for exported fles

ﬁ Sensor editor ... D:\DEWESoft7\Exports| E]
[ Remember last selected folder

£

The default folder for export
can be changed in the project
setup, project folders. Also
standard folders for the setup
files and data files can be
defined here in this section.
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9 Calculation Background, Formulas
This chapter should give a quick reference how the major calculations are performed.

e Derivative [dp/dCA]
Derivative is the first derivation of the cylinder pressure of cylinder X.

Derivative = R;*;Rzl

i ...measuring point
Rs...measurement resolution [deg]

e IMEPq [bar]

IMEPg(ross) is the indicated mean effective pressure over 360 degrees crank angle of the power
stroke. It is defined as the work produced during the power stroke divided by the displaced
volume.

Zn: P| '(Vi+l _Vi—l)/ 2

i=k
IMEPg = V.
k ... TDC pos. minus 180°
n ... TDC pos. plus 180°
Ve ... engine swept volume

e PMEP [bar]

PMEP is the pump mean effective pressure over 360 degrees crank angle of the exhaust and
intake pumping strokes of cylinder X. It is defined as the work produced during the pumping
strokes divided by the displaced volume. It is defined only for 4-stroke engines

2 P '(Vi+1 _Vi—l)/ 2

PMEP = =
VS
k ... TDC pos. plus 180°
n ... TDC pos. minus 180°
Ve ... engine swept volume

In general this is negative, except for turbo charged engines!
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e |IMEPg [bar]

IMEPnN is the net mean effective pressure. It is the sum of IMEPg and PMEP

IMEPNn = IMEPg + PMEP

e Thermodynamic zero point correction [bar]
Pcorr is the result of zero point correction. Three different types of correction are possible:

- this method uses the ideal adiabatic compression assumption between to crank angles with
a constant polytropic exponent. Therefore the absolute pressure value can be calculated
from the pressure difference between two crank angles. Both crank angle points and the
polytrophic exponent can be defined in the measurement settings. -100° for first crank
angle (CA_1) and -65° for second crank angle (CA_2), x =1.37 for diesel engines
respectively x =1.32 for gasoline engines are recommended.

PCA_Z - PCA_l
VCA_l 1
VCA_2

e Heat Release TQ [kJ/m3/°CA]

Pcorr _X =

TQ shows the heating progress over the crank angle of cylinder X. For the calculation, the
simplified procedure of the first law of thermodynamics is used. It yields the released energy per

crank angle, disregarding the wall heat and blow-by losses. Start and stop crank angle position for
the calculation can be defined in the Measurement settings setup.

TQ =[P Vo ~Vi) +V, (P =P )]

i ... measuring point

K ... polytropic exponent
V ... volume
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e Integrated Heat Release Tl [kJ/m3]

Tl is the integrated heating progress of cylinder X. It shows the summed value of TQ.
Start and stop crank angle are the same as for TQ.

Tl =TQ +Tl,,
i ... measuring point
e Work [J]
Work yields the theoretical work of the engine.

Work = IMEPnN -V

Vg .. swept volume

e Power [kKW]

Power yields the theoretical power of the engine.

_Work-2-N

Power ... 4-stroke engine

_Work-1-N

Power ... 2-stroke engine

N ... engine speed in Rpm

e Torque [Nm]

Torque yields the theoretical torque of the engine.

Torque :Work~;r ... 4-stroke engine
Torque :Work % .. 2-stroke engine
Version 1.4

CA

Page 69



e Temperature [K]
Temperature shows the temperature inside the cylinder during combustions.

T =273.15 + InputTemperature // Input temperature converted to kelvins
VE = VolEfficiency // volumetric efficiency 0..1, due to some loses in cylinder
IntakePressure = Pressure[180] // intake pressure at 180 deg

GassMass —Intake Pressure * 10000+ W/(R *T)*VE *1000

R
Volume , Pressure /1000

Temperature =
1000 100000 GassMass

The Temperature value is only valid around TDC.

e Compression ratio [-]

- V, +V,
=
VC
V... swept volume
Vi clearance volume
Moo compression ratio
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