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Overview EMI Automotive Band Evaluation

Overview EMI Automotive Band Evaluation

EMI Automotive is the solution for a special measurement task. EMI disturbance
signals generated from car components have to be measured with on-board
communication antennas in their frequency bands. The frequency bands as well as the
bandwidth of the antennas may overlap in the frequency domain. This short description
shows why the task is not solvable by a standard EMI Scan, EMI Sweep or EMI Auto
Test template.
Sequenced definition of frequency sub ranges in hardware setups and Scan/Sweep
templates cannot overlap. This task is EMC32 Sequencer related.
EMI Automotive Band Evaluation Test Template now is optimized to generate the
particular kind of test demanded by the standards with extreme flexibility in
configuration of the test and the related test report without usage of the EMC32
Sequencer.
EMI Automotive Band Evaluation Test Template

o defines sub ranges correspondent to the Band related frequency definition and

e uses the appropriate antenna specified for this Band per sub range in a

dedicates hardware setup called Test Setup;

¢ includes a simplified data reduction from auto test to find maxima, and

e extends the report to show a separate graphic for each sub range.
The extension “EMI Automotive Band Evaluation” or short “EMI Automotive” therefore
matches two different demands:

e itis closely related to automotive and avionic needs, and

e itis a kind of sequencer for EMI Tests.
The standard applications are on-board EMI measurement sequences in broadband
and communications frequency bands for automotive and aerospace applications.

1.1 Test Method

The tests are intended to provide protection for receivers installed in a vehicle from
disturbances produced by components/modules in the same vehicle.

The receiver types to be protected are, for example, broadcast receivers (sound and
television), land mobile radio, radio telephone, amateur, citizens' radio, Satellite
Navigation (GPS, etc.) and Bluetooth. The test method is described in CISPR 25 in
chapter 5: “Measurement of emissions received by an antenna on the same vehicle”.
EMI Automotive Test is based on devices in the Device List and an EMI Automotive
Test Template. To achieve a maximum in flexibility the test template editor allows all
kinds of settings and changings which in all other tests are subject to the Hardware-
Setup. EMI Automotive test template works comparable to a test sequence, so it is
possible to do sub ranges with overlapping frequency ranges.

1.2 Standards related to EMI Band Evaluation

CISPR 25: “Vehicles, boats and internal combustion engines — Radio disturbance
characteristics — Limits and methods of measurement for the protection of on-board
receivers”; Edition 3.0 2008-03. CISPR 25 describes the test method and gives a set of
limit lines.
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Configuration of EMI Automotive Band Evaluation Test

Frequency Antenna type
MHz
015to 6,2 1 m monopole
26 to 54 Loaded quarter-wave monopole
68 to 1 000 Quarter-wave monopole
1 000 to 2500 As recommended by the vehicle
manufacturer

Figure 1: Antenna types

) a Frequency Terminal disturbance voltage at receiver antenna terminal in dB (uV)
Service / Band
MHz Peak Quasi-peak Average

BROADCAST

Lw 0,15-0,30 26 13 3
Mw 053-18 20 7 0
sw' 59-62 20 0
Fm" 76-108 26 13 6
TV Band | 41-88 16 6
TV Band Il © 174 - 230 16 6
DAB Il 171 - 245 10 0

Figure 2: Example for limits of disturbance — Complete vehicle; CISPR 25

EMV-Anforderungen: Erstellt von AUDI, BMW, Daimler (Mercedes-Benz Cars),
Porsche und VW; Edition V1.01: 2009-04-07

GMW3097: General Specification for Electrical / Electronic Components and
Subsystems, Electromagnetic Compatibility (EMC); February 2004

Ford Motor Company, Component and Subsystem, Electromagnetic Compatibility:
Worldwide Requirements and Test Procedures, ES-XW7T-1A278-AC; Date Issued:
October 10 2003

2 Configuration of EMI Automotive Band
Evaluation Test

The above referenced standards define several test methods to prove EMC to be
compliant with the standards:

e Conducted emissions from components/modules:
e Voltage method with Artificial Network (AN-Test)
e Capacitive Voltage Method with Capacitive Coupling Clamp (CV-Test)
e Current Probe Method (CP-Test, optional)
¢ Radiated emissions from components/modules:
e Radiated EMI Measurement of emissions received by an antenna on the
same vehicle
ALSE method, (Absorber Lined Shielded Enclosure)
TEM cell method (TEM-Test, optional)
e Stripline method (SL-Test, optional).

Though the test procedures are divided in conducted and radiated emissions we can
concentrate on one test method to show how to use these new kinds of templates. We
select the test procedure for on-board emissions measured with build-in car antennas
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Configuration of EMI Automotive Band Evaluation Test

(Radiated EMI Measurement of emissions received by an antenna on the same
vehicle, Figure 4). EMC32-K51 provides a conducted and a radiated emission test with
the same icons in the Test Setup as we know from other EMC32 extensions. The
difference is that the hardware setup is not found in the System folder below the sub-
folder Hardware Setups but is integrated into the EMI Automotive Test Template itself.
To configure a test we have to start as usual with the Device List, where we have to
define all devices we need for the new test. As we said we will concentrate on radiated
test

@ Lewvel Lnit
dB
<no devices <ho path: <hio devices
Figure 3: Hardware Setup for conducted EMI Automotive test
Level Unit

r
K dB

<ho devicer <no path <ho devices

Figure 4: Hardware Setup for radiated EMI Automotive test

2.1 Populating the Device List

Radiated EMI Automotive tests need the following devices:

e EMI Test Receiver or Spectrum Analyzer

e Antennas (given as car antennas or antennas acc. Figure 1)

e Switch Unit to connect automatically the band related antenna with the

receiver.

¢ Signal Paths between antennas and the receiver.
The Device List opens via Menu: “Extras > Device List ...” or function key “F9”. An
example of a properly filled Device List is shown in Figure 5. Some of the devices need
further configuration. The path configurations of the switch unit have to be done in the
properties of the switch unit in the Device List itself, the settings of the EMI test
receiver are only accessible in the EMI Automotive test template editor.

01.00
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Configuration of EMI Automotive Band Evaluation Test

Devices: Corfigured Devices:
| Arnplifiers Marne | Device | Type | Interface | Addr/SH | State |
Arternas SMEBT004 Generatars ShBT004 GFIED 26 irtual
!E‘ AntennaT owers [F]Manopole HFHZ 26 Artennas Antenna Nane - -
Awglenerators Edesr 7 Fecsivers ESA 7 GPIED 20 Virtual
i FieldProbes [F]Radéntenna Artennas Antenna Nane - -
2| Gienerators CarAntenna_‘I Antennaz Antenna Maone
Interlack P e - e
LISN Antennas Antenna Mone
Monitsnrin LogPer Antennas Antenna Maone
morng UIlraLog Antennas Antenna Mone
MultiFigldFrobes
Dsciloscopes [Tl Cartnterna_2 Antennas Antenna MHone - -
| Positioners DSP SwitchU rits osp WISA TCPIP:-..  Wirtual
] Powerteters AN Transducers Tranzducer Maone - -
Recaivers current probe Transducers Tranzducer Mone
Slidebars
SwitchUnits
= Cuckaranbrals

Figure 5: Device List with example devices used in this App Note

The switch unit (Figure 6) should have all paths needed prepared It depends on the
switch unit whether the user can edit the paths directly or he has to import them, like
OSP. After that we can use them in the hardware setup placed behind the tab “Test

SetuE” of the EMI Automotive temglate editor.

Command
SIb K11 NE 1100101
SIM K11 MO 1100001

Sl K12 WC 1100110
SiM K12 NO 1100111
SIM K13 NC 1101000
Sl K13 WO 1101001

SIM Throug 1111111

Add Path | Remove Path | Impart Paths ..

oK | Cancel |

Figure 6: OSP with settings for paths as an example for a switch unit

2.2 EMI Automotive Test Template Editor explained

In order to create a new test case a Template Editor shall be configured according to
the test requirement.
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Configuration of EMI Automotive Band Evaluation Test

2.2.1 How to open a new EMI Automotive template in the editor

Follow the steps mentioned below in order to create a new EMI Automotive Test
Template.

Open an existing EMI Automotive Template Editor via the EMC32 file explorer. i.e.
System Folder >> Test Templates >> EMI Automotive:

EMC32 Explorer o

(e EMC32
=1 System
----- [ Calibration Sequence
----- [ Calibration Setups

----- [ Comection Tables

----- 1 EUT Irformation

..... 1 Frequency Lists

..... 1 Graphics

----- [ Hardware Setups

----- [ Limit Lines

----- [ Reference Calibrations
----- 1 Report Setups

----- 1 Reparts
----- [ Tables
- lest Tem

a3 Ltomoire
----- ol 2012_Automotive_DR_PE-&W
el 201 E_ﬁ.utnmcutia:-e_F'K-.ﬁ.‘-.f

plates

ol

Figure 7: A mouse click on an existing file open the template editor with this EMI
Automotive Test Template

Or create a new template by either of the following steps:
1. Create a template from the main template folder “Test Templates” in Explorer,
this is the only way to create template if the sub folder “EMI Automotive” exists
not yet (top of Figure 8).
2. Create a template from the sub template folder “EMI Automotive” in Explorer
(buttom of Figure 8).
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Configuration of EMI Automotive Band Evaluation Test

EMC32 Explorer 3

NewFile Test Template @ —
P

@IJEMS Auto Test radiate
FEMI Scan radiated $EuT tonitoring

@ EMI Sweep conducted B8 Test Sequence [~ Danot check Receiver Settings g
» EMI Sweep radiated ﬂ AP Maco

General Setting
23 System

----- (] Calibration S equence
----- (] Calibration Setups

----- E] Carrection Tables

----- E] EUT Infarmation

----- 1 Report Setups
----- 1 Reports
----- ] Tables

=43 Test Templates m— e

B[] EMI Automative
] Tests \
E‘ Eml conduct[} Test Setup I Subrange

| <no devices |

Device Mode
’7 (¢ Scan Mode

No Name Subrar

4 EMS Scan radiated
1) EMS Auto Test conducted

|

o

EHEJ:s"?a B A %S

Add Subrange Delete Subrange

Figure 8: Two possibilities to create a new empty test template

3. Creating template from the main Menu Tool Bar
Creating template from the main Toolbar
@ emcaz E=]=]

File Test Report Table Extras Window 7
|62 EES B8 -8 X%%
R

| .F\acentl Evisting Mew |

2] Calibration Sequence Path: LAEMC32\System' Test Templates\EM| Automative oK |
1 Calibration Setups ﬁ . % %
-] Comection Tables ﬂl
nfarmation acio zimut art wta Test ko Test

1 EUT Inh i APLM, Azimuth Chart EM| Auto Test EMI Auto T Hel

(2] Frequency Lists conducted radiated a&p
-] Graphics

2] Hardware Setups g@ g@ @ @
L0 i Lines EMIS EMIS EMIS EMIS EMS A EMS A

ot =" =] WEED WeED uto uto
L1 Reference Caibratons conducted 1adiated conducted radiated Test con. Test radiated

~{Z1 Report Setups

aum ) ) B

&4l Teat Templates EMSScan  EMSSean  EuT Test
B[] EMIAutomotive conducted radiated M onitaring Sequence
] Tests

EBEJ? 1B A e
[

[va.12.04-EMC32

Figure 9: Generation a new template viaicon "Test Template new/open ..."

After following the above steps a Template Editor window will be opened.
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Configuration of EMI Automotive Band Evaluation Test

General Setting T Report

[~ Do not check Receiver Settings during Loading of the Template

Device Mode
’7 % Scan Mode " Sweep Mode " Single Measurement

Mo Hame Subrange Receiver Detectors Bandwidth

Test Setup T Subrange T Graphics T Data Feduction T Actions
o Levwel Unit
| <rin devices | <nno paths <nn devices
Add Subrange Delete Subrange | QK | Cancel

Figure 10: EMI Automotive conducted Test Template Editor
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Configuration of EMI Automotive Band Evaluation Test

General Setting T Report

[~ Danat check Receiver Settings during Loading of the Template

Device Mode
’7 % Scan Mode i Sweep Mode " Single Meazurement
Mo Mame Subrange Receiver Detectors B andwidth

Test Setup T Subrange T Graphicz T Data Reduction T Actionz
rW Lewvel Unit
L
i dB
| <no devices | <no path <rin device:s
Add Subrange Delete Subrange | kK Cancel

Figure 11: EMI Automotive radiated Test Template Editor
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Configuration of EMI Automotive Band Evaluation Test

2.2.2 Configuration of an EMI Automotive radiated test template

EMI Autometive Template - [EMI Automotive radiated] [EMI radiated] x
General Setting T Repot  UPPer FPart
[~ Danat check Receiver Settings during Loading of the Template
Device Mode
’7 * Scan Mode i Sweep Mode " Single Measurement
Mo ame Subrange Hecerer L etectars Eandwadth

Middle Part

Test Setup T Subrange T Graphicz T Data Reduction T Actionz
Lower Part
rW Level Unit -]
L
&t dB
| <nno devices | <no path <rin device:s
Add Subrange | Delete Subrange | QK Cancel

Figure 12: The three parts of the Template editor

2.2.2.1 The upper part of the template editor

The upper part contains a tab structure in which the general settings, valid for the
whole frequency range, that means for all defined sub-ranges are done. This part
consists of two tabs; General Settings and Report.

General Setting T Report

[~ Donot check Receiver Settings during Loading of the Template

Device Mode
’7 {* Scan Mode " Sweep Mode " Single Measurement

Figure 13: General settings for all sub-ranges listed in the middle part

In the General Settings tab (Table 2-1) Receiver Check and Device Mode can be
defined. Never change the Device Mode in a given Template, otherwise all sub ranges
in the middle part of the template will be deleted. The template offers three device
modes but one of them, the “Single Measurement” mode is very specific, it is a
customer solution which description is not part of this application note.
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Configuration of EMI Automotive Band Evaluation Test

Table 2-1: General Settings

Receiver Check If untagged the Receiver Settings will be checked during
Loading of the Template. This improves the loading speed
but reduces the security.

Device Mode Here the operating mode of the selected measurement
device "Test Receiver" or "Spectrum Analyzer" is chosen:

Scan Mode: In all sub-ranges the receiver is in Test
Receiver Mode

Sweep Mode: In all sub-ranges the receiver is in Spectrum
Analyzer Mode

Single measurement: This is a customer specific mode,
which expects additional requirements (customer specific
devices and / or actions referencing the frequency list) In
this mode the frequency steps are not defined by the
receiver device (like a scan mode) but by an additional
frequency list, that is not referenced in the template itself.
One measurement value will be done for every frequency of
the frequency list. In the case there is no frequency list
given this mode works like Scan Mode.

The next tab allows some setting for the report.
General Setting

R t Setti .
FRon S EngE EUT Infarmation |<n0ne>

%-,i Yigible Calumng in the Report |\/ B andwidth j

Figure 14: Report settings

Detailed setting like configuration of content and design are possible in the report
generator, which is described later.

Table 2-2: Report settings

EUT Information An EUT Information file can be referenced and so included
into the Report.

Visible Columns in The drop down list allows to select and de-select columns

the Report of the result tables in the report. Only checked columns will
be shown.

Report Settings A click on this icon pops up the standard setting for reports

01.00 Rohde & Schwarz EMI Automotive Band Evaluation with R&SOEMC32-K51 — 1SP07- 13
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Configuration of EMI Automotive Band Evaluation Test

"B Report Settings (*) [

Output Farmat

Fiepart Template [Fiepiert S stup EMI Autometive sngine tests

[ Print Report

v Create Electronic Repaort

q & @

[~ RTF [~ HTML ¥ PDF

Document Name  [EMI Report

Cancel ‘ oK

2.2.2.2 The middle part of the template editor

The middle part contains a table, which gives an overview over all defined sub-ranges
for the EMI Automotive measurement. It is used for displaying a list of sub-ranges. The
settings of the currently selected (active) sub-range in the sub-range list can be
changed in the lower part of the editor.

Mo Hame Subrange Receiver Detectors B andwidth -~
1 A 1MHz-1.73MHz ESR 7 tanPeak; dwerage 9 kHz
2 Fhd1 76 MHz - 108 Hz ESR 7 tanPeak; dwerage 120 kHz
3 FM2 76 MHz - 108 MHz ESR Y MauPeak; Average 120 kHz =
Average 1 MHz 1
5 Move down ESR7 Average 1 MHz
B TW3- Maove up ESR Y Average 1 MHz —
T Tw4h- ESR Y Average 1 MHz
g Ty3.n|  AddSubrange ESR 7 fuverage 1MHz
9 Tv4AR Delete Subrange ESR 7 Average 1 MHz S
Test Setup T Subrange T Graphics T Data Reduction T Actions
EW Level Unit
0y -
< Tt
| Cardintenna_1 | ESR 7-Cartntenna_i | ESR ¥
"RF Input" =10DC -
"Mo. of Repetitions' =1
"Meazurement Mode"' = i
Add Subrange Delete Subrange 0k Cancel

Figure 15: The pop-up menu and the two buttons allow basic changes

2.2.2.3 The lower part of the template editor

The lower part is the most important one and consists of five tabs: Test Setup, Sub-
ranges, Graphics, Data Reduction and Actions. The parameters for each band related
test (here: sub-range) need to be configured with appropriate setting in all five tabs as
required by the test case.

How to configure the test cases in the lower part of the template editor is topic of
chapter 3.
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Configuration of Test Cases in the Editor

3 Configuration of Test Cases in the Editor

Now we will do all the settings in the lower part of the EMI Automotive Test Template
editor which define an individual test case. The tab structure in the lower part of the
editor is used to display the settings of the currently selected (active) sub range in the
sub range list.
The setup shown in the Test Setup shall be configured prior to the other tabs of this
sub range.
In the Test Setup tab, the following can be defined in sequence:

e Define the Transducer from the available list

o Define the appropriate Signal Path

o Define the Receiver and it's parameters.

3.1 Function of the mouse buttons in the editor

The functionality of the mouse buttons is the same as we know from the Hardware
Setups for other test types.

@ Q A right click when the mouse pointer shows a hand symbol on a

device icon opens a selection of all available devices. The currently selected device is
marked with a tick.

@ Q A left click when the mouse pointer shows a hand symbol on the

icon opens an editor window with the properties of the device.

:[ : Stopping mouse movement in a text box when the mouse pointer

forms an insert symbol shows a pop-up with the full content of the parameter set of the
device.

The following procedure can be used to configure the device. A device is displayed by
means of an icon and a text box containing the selected device's name. If the device
has to be programmed in the context of the template, the mouse pointer changes when
passing over the device icon and a corresponding help text ("Tip Tool Text") appears
below the mouse pointer.

Clicking with the left mouse button on the icon at this point will open the device specific
Settings Dialog. Finally, closing the Settings Dialog with OK will show a summary of
the settings in the text box below the device icon. When opening the template editor
again later on, the fact that such a settings summary text is displayed will proof that
valid device settings have already been defined.
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Configuration of Test Cases in the Editor

EMI Automotive Template - [2012_Automotive DR_PK-AV] [EMI radiated] (*) E
General S5etting T Report
I Carmtensa 1 - Amdenas - Antensas @
W Donotcheck Bl Firpeiti |
Device Mode [ RE Paramelcis) T Plessummen| Comeclon ] Animrna T ovass Conlal
* Scan Mode rement
Mir. Frequsrey 1000 MH:z
Mas. Frequercy RIOND GHz
Mo MName I Limits 3y Fie B andwidth -
m Dweroad Level [ b w a K 1
2 FM-I ELELL
Max. ¥SWT [ =i
3 FM2 - | @ Esr7
sisrcy Factor (. 0
4 Dag Band 3 | "RFInput"=1DC
5 DAB L-Band "Mo. of Repetitions”" = 1
B TV3-Antenne "Measurement Mode" = Scanlin
Antenne L "IF Bandwidth" = 9 kHz
anibe "Meas Time" = 50 ms
ENNE 4 ok, |t | "Step Mode" =0
"Linear Step Size" = 4,5 kHz
Subrange T Graphics T Data| "CISPR Bandwidth” =0

"Murmnber of Sweep Points" =1
"Preamplification” = 20 dB
"RF Attenuation” = 10 dB
"min. RF Attenuation” = 0 dB

Moncpole HFH2-Z6

RodAntenna "Auto Ranging” =1
"Auto Preamp” =0
CarAntenna_l "Reference Level” = 90 dBpY
BiCon "Demodulation” = Off
"Demodulation Velume" = 0 %
LogPer
UltraLog

Carfntenna_2

Add Subrange | Delete Subrange K Cancel

Figure 16: Mouse functions in the editor

3.2 Setting in Test Setup tab

Figure 17 shows the Test Setup tab with settings.

Test Setup T Subrange T Graphics T Data Reduction T Actions
EW Lewel Unit
" -
& E}
| Cardntenna_1 | ESF 7-Cartitenna_1 | ESR 7
"RF Input''=10DC -

"Mua. of Repetitionz" = 1 M
"M easurement Mode'' = —

Figure 17: Test Setup tab
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Configuration of Test Cases in the Editor

Table 3-1: Icons of the Test Setup tab

Transducer

fw)%_

Cardntenna_1

Right click:

Available are all transducer and antenna devices
depending whether this is a conducted or
radiated measure.

Note: the antenna does not support polarization
settings.

Left click:
The properties editor of the transducer pops up,
the dedicated dialogs are shown in Figure 18

SignalPath

dB

| ESR 7-Cardntenna_2

L=

ESR 7-Carbintenna_1

Right click:

The name of the SignalPath will be automatically
generated after choosing both a transducer and
a receiver by right-clicks of the mouse.
Alternatively an existing signal path may be
selected.Left click:

The properties editor of the SignalPath pops up
(Figure 19).

Receiver

ESH 7

"RF Input" =1 DC
"Mo. of Repetitions" =1
"Meazurement Made" =

Receiver parameters can't be configured before
defining the other devices). After selecting the
receiver, the parameters (e.g. IF BW, step
size...) of the receiver can be set here by clicking
the mouse button on the receiver.Right click:
From the pop up list of receivers an appropriate
device is chosen.Left click:

The properties of the receiver has to be set as
shown in Figure 20.

Lewvel it

This read only icon shows the Level Unit, the
unit of the measured signal. The setting is done
in Measurement Correction tab in Figure 18

Rohde & Schwarz EMI Automotive Band Evaluation with R&SOEMC32-K51 — 1SP07- 17




Configuration of Test Cases in the Editor

RF Parameters T Measurement Comection T Anterna Tower Control
Min. Frequency 1,000 MHz
Max. Frequency E.000 GHz
[~ Limits By File
Overload Level 200,000 W
Max. WSWH 5.0
Efficiency Factor 0,75
RF Parameters T Anterna Tower Contral

Additional Cable Attenuation [Antenna Cable]

Horizontal |<none>
Wertical |<none>

Antenna Factors [dBpy or dBm @ Receiver > EMI Lewvel Urit)

Set the Source Unit in the Antenna Factor Table to dBpY or dBm.

Harizantal | CartntDummy

Wertical | CartntDummy

R E

[~ Message on Antenna Change for EMI Auto Test

RF Parameters T Measurement Comection T Ant Tower Control
Supported Tower Movements Tower Device
r 1585 om
r 155 cm " Manual Tower [Position Motification]
Jv Horizontal v “ertical
~
Optional Device for Tower Positioning | J
Usze a special Positioning Device
for the Antenna Change -
| =] wl | 5

Azimuth for thiz Antenna 90 deg

Figure 18: Three dialogs to define the antenna(s)

Dialog defining the switched signal path from test receiver to the antenna.
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Configuration of Test Cases in the Editor

"Gereral  Properties |

—Attenuation

" Constant ¥ Tahlz

IELEIEIEI dB

<hone:

AddTable |
Delete Table |
Calibrate. .. |
— Switching Path
Switch Lnit Fath Statuz
addPath |

Remove Path |

Sl el Pells |

Ok |

Figure 19: Dialog to define the signal path

=
o bt Tt T/ it G Ao Orw /76, " General| Input / Repeliion Time / Bandwith | Gain / Ateustion | Demod /T.6. |
San Hodal Scanlin v Sweep Mode [Snees =
IFBW T — ResouinBendidth [Ty =]
CISPR Bandwich CSPR Bandwidth |
Video Bandwidh P 7] (single mess. n analyzer mode) Video Barwidh [14Hz -
o Vitual Step Size
— s [ 10001 ~| 538900 | kHz
| inear [4500 Kz o /et
DaaRedcionfocs [T 1] Preselection on -
logantheic 01% - oo Tiw - -
" T A = ‘ Sweep Time Coupled
_ | \ _« | =
\ General Selting 1 Repot
v Donot check Receiver Settings during Loading of the Template
Evice Mode
(¢ Scan Mode (¢ Sweep Mode | ]

Figure 20: Receiver settings according to the chosen mode
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3.3 Settings in Subrange tab

In the Subrange tab, the following parameters can be set:

Test Setup T Subrange T Graphics T Data Reduction T Actions
Frequency Detectors

Start Frequency 76 MHz [+ MaxPeak |MaHF‘eak j

Stop Frequency 108 MHz v Average |.-’.'a.\-'erage ﬂ
Properties Detector Mode

Subrange Mame |FM2 W Cleatwiite

| Bzt ™ MasHold

Figure 21: Settings of the Subrange tab

Table 3-2: Setting in the Subrange tab

Frequency Start and stop frequency for this subrange. The
stop frequency must always be higher than the
start frequency.

Properties Subrange Name:
Individual name can be defined here for the
subrange or band

Enabled:

o Checked: Measurement defined in this
subrange will be carried out during test
run,

e Unchecked: Measurement defined in this
subrange will be skipped during test run

Detectors If one or both detectors should be used for this
subrange. If only one detector is selected it will
be used for this subrange automatically.

Detector Allows to check ClearWrite and / or Maxhold

Mode

e ClearWrite: New measurement value
overwrites the old one, and

« MaxHold: New measurement value is
stored if it is higher than the old one
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If QuasiPeak has to be taken as Detector with a minimum measurement time of 1s it
depends on the frequency range a Band covers and the step size given in the standard
how long the test for this Band lasts. Therefore the usage of TD-Scan offered with Test
Receivers families ESU, ESRP or ESR which is switched on in the receiver settings
tab Time / Bandwidth (Figure 22) allows extremely shorted test durations.

-

ESRT - ESR 7 - Receivers @

- General] Input / Repetition  Time / Bandwidth | Gain / Atteruation | Demaod. / T.0G. |

Scan Mode | ScanLin ﬂ

IF B Scanlog
ScanFast <

CISPR Bandwidth |

Figure 22: Switching the Test Receiver to Time Domain Scan (TD-Scan: FFT
Mode) use ScanFast as Scan Mode

3.4 Settings in Graphics tab

In the Graphics tab the following parameters con be set.

Test Setup T Subrange T Graphics T Data Reduction T Actions
Lirmit Lines
Tst |12 dbp P J Dffzet l—uj dB  Max Level [45.000  depv
2nd  [<none> | Oifset [T dB Minlevel  [5oo0 ey
Additional Limit Lines for Graphic
1st [<nane> J Difzet I—Dj de
2nd  [<nones J Offset I—D:‘ de
v Dizplay tithes of limit lines in graphic

Figure 23: Settings of the Graphics tab

Limit Defines the limit lines which shall be displayed for each of
Lines the two detectors. These two Limit Lines are taken for
Data Reduction.

Lirrit Lines

Tst 12 dhy PK J Offset 0 j dB  Max Level 45,000 dBpy
2nd |<n0ne> J Offset ’—Dj de  Min Level 5.000 dByv

For each limit line optionally an offset may be applied
(thus the copy of the limit line added to the appropriate
EMI test will be corrected by the defined offset value).
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Min / Max Level: Here the maximum and minimum value
for the Y-Axis of the graphic will be defined.

Additional | Defines two additional limit lines which shall be displayed

Limit only for each of the two detectors.
Lines for
1 Additional Lirnit Lines for Graphi
Graphlc o IIUnt|3<nIDI':Ie> INes ror kraphnic J Difect Dj i
2nd  [enores | Ofsst [ 0| dB

For each limit line optionally an offset may be applied
(thus the copy of the limit line added to the appropriate
EMI test will be corrected by the defined offset value).

Display Displays the titles of the limit lines extended with the
titles of offset if different from 0.

limit lines
in g raphiC [v Dizplay titles of limit ines in graphic

3.5 Settings in Data Reduction tab

Test Setup T Subrange T Graphics T Data Reduction T Actions
| DoData Reduction
Peak Search Acceptance Analysiz b awirna Limitation
Relative Threshaold Level Fixed Acceptance Offset M axirnurn Murmber of Results
£.0 dB -3.0 dB 20

Figure 24: Do Data Reduction unchecked grays out all settings
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Test Setup T Subrange T Graphics T Data Reduction T Actions

Peak Search Acceptance Analysis b awirna Limnitation

Relative Threshold Level Fieed Acceptance Offset M axirmurm Mumber of Results
£.0 dB -3.0 dB 20

Figure 25: Do Data Reduction checked allows editing

Data reduction allows three different kinds of settings:

Evaluation part 1. Peak Search

In the first part of evaluation a peak search will be performed. This part helps
to find the highest narrowband signals in the measured frequency range.
Evaluation part 2: Acceptance Analysis

The results from the peak search algorithms in part 1 may be reduced by the
following functions: For the acceptance analysis you can (optionally) select for
each detector a limit line (tab: Graphics, Figure 23). Each limit line may be
optionally shifted by the defined Offset value (thus EMC32 will add the offset
value to the copy of the original limit line in the current test.)

The Additional Limit Lines for Graphic are only displayed in the result graphic
but are not used for data reduction or evaluation purpose.

Evaluation part 3: Maxima Limitation

In the third evaluation part a maxima limitation will be performed. This part
helps to reduce the found critical frequencies to a reasonable number for
further evaluation.

3.6 Settings in Actions tab

Action tab shows the same functionality as known from other templates.

Test Setup T Subrange T Graphics T Data Reduction T Actions

=iy Program a Device - et B T Rgh start -
A, R emote Action g E very frequency

@ LET i g Subrange 1

| Fun Macro = iaJ Leave
%‘ Check EuT [ Subrange 2
EE) Track frequency G- g ) Subrange 3
= i [ Subrange 4
B2 Frotect receivers e Subrange 5
=] Switch Path - |3 SooeE s il

m

Enter

Figure 26: Action tab in EMI Automotive template
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3.7 Close the editor and save the template

General Setting T Report

¥ Danot check Receiver Setings during Loading of the Template

Device Mode
’7 f* ScanMode " Sweep Mode i Single Measurement ‘

Mo | M arme | Subrange | Receiver | Detectors | Bandwidth | Al
I} DAE L-Band 1.452 GHz - 1.492 GHz ESR 7 Ayverage 1 MHz

B TV 3 - Antenne 1 170 MHz - 230 MHz ESR 7 Average 1 MHz

7 TVAS - Anterne 1 470 MHz - 862 MHz ESR 7 Average 1 MHz b
g T3 - Antenne 2 170 MHz - 230 MHz ESR 7 Average 1 MHz

9 TV45-Antenne 2 470 MHz - 862 MHz ESR 7 Average 1 MHz L
10 T3 - Antenne 3 - 230 MHz ESR 7 Average 1 MHz 3
1 Tvah erine 3 - 86, T Ayverage MHz

Test Setup | Subrange T Graphics T [rata Reduction T Actions
— Frequency — Detectar
Start Frequency 1574 GHz [ MasPeak I I Pk - l
Stop Frequency |1 RT7 GHz ¥ Awverage IAverage - l

— Properties — Detector Mode
Subrange Name IGPS W Clearsrite
[w Enabled [~ MaxHold
Add Subrange | Delete Subrange | u] |\4 Cancel |
|

Figure 27: Last Step is to save the ready for testing template

When all sub ranges are filled with correct parameters we can save the EMI
Automotive Test Template by clicking the OK Button. In the Save File Dialog we can
choose an appropriate name for the template, which is now ready for use.
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4 Running an EMI Band Evaluation Test

As usual for EMC32 there are several ways to start a new test.

Ella Test Templates
Ela EMI dvtomative

Mew Test

D Tests

Mew Test Direct
Mew File

File Info

Figure 28: Several possibilities to start a new test directly or via the new test
editor

The New Test Editor gives additional freedom to change parameters of the Test
Template for one test (Figure 30).

Any setting regarding report setup or EUT Information file is no longer taken from the
settings in the template but from the New Test Editor.

New Test - [EMI Radiated]

[250] | | New Test - [EMI Radiated]

TestDefinition | Repott | TestDefniion | Report |

EUT information File
0 |BEstCar_USV

[EMI Automative -

EMI Scan

EM| Sweep

EMI Single Measurement
EMI Auto Test

Test Control Parameter

Test Name \Test

Test Method

Edit ELIT Deseription |
Auternotive Test Parameter

;]].|.|.| Template

Report Setup

2012_Automotve DR_PRAY |Heport Setup EMI Automative enging tests with DR

Edit Repart Information ... |

K ‘ Cancel ‘

oK | Cancel |

Figure 29: Start a new test choosing the Test Mode: EMI Automotive and an
appropriate Test Template in the New Test Editor
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Test

New Test Editor

Auto Test Templates

Scan/Sweep Template

Hierarchy

Hardware Setup

Device List

Test

de lower once!

Scan/Sweep Template
(includes Hardware Setup
and Data Reduction)

Settings of higher layers overr

Device List

Figure 30: Settings in the New Test Editor overrides those from template

& emcz

File Test Report Table Extras Window 7
s I 1 ) . g - S
AR 0.8 A

3 Test Open /} @

m

=l )

o Hecent] Existing Mew |

(]

L]

EI Path: c:\temp EMCI2AT empT ests\EM| radiated QK |

o

2 “’ *g ~ E Cancel }
EMS radiated EMS Te Hel

conducted conducted Hep

Azimuth Chart

Figure 31: Start a new test via the Tool Bar

To run the test we have to switch to Measurement mode.

4.1 Measurement Mode

The measurement mode is used for performing test runs and acquiring measurement
data.

After selecting a test from Test Template, the template will be open in Analysis mode.
When pressing the "Switch to measurement mode" or F4 button. It will leave the
analysis mode and will switch to Measurement Mode.
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@ wRmen
Fe Tet Reor Tabe

g | o = T Bo 0-8- T

12 dummmusice D8 PE-AY (]

dow 1

an
IO Wiz

5
Testing Froxess EM Autemtive 3 O

Suinges

g

Fir_CLRWR-PHs -
W AT * a0

Levelin dByY

1000 oo 1200 1300 1400 1500
Frequenz in kHz

presog e [ |
HnHomprrbk COIXKy m

I

Figure 32: Starting a New Test

Before we run the test only one empty graphics is shown. In measurement mode, the
file explorer and Test component explorer, which are visible in analysis mode, will be
hidden. Both explorers can be faded in when placing the mouse cursor on one of the
explorers tear off buttons. When the cursor is removed the explorer will be faded out

once again.
@ EMC32 [Test] (9 @ EMC32 [Test] ()
File Test Report Table Window 7 Fjle Test Report Table W
K | ? i Eﬁ W = ? o -
71| EMC32 Expl -
i'i'l! plorer ||| Test Components [*] El
% | Frd1 -
)6 EMC32
} —
m -3 System =
S (. [C Calibration 5 equence o
=1 - O] Calibration Setups =
Y [ ] Conection T ables E
= u""\-.__l ----- iUT Infarmation =
! Ly g — equency Lists %
----- [C1 Graphics —
----- [ Hardware Setups
..... 1 Limit Lines =4 Graphics WhF
e _ H . L . e

Figure 33: As long as the Explorer is unpinned the EMC32 Explorer OR the Test
Components is visible during mouse pointer is resting on the dedicated tear-off
button

4.1.1 StartaTest
The start of a test is a simple mouse click with the left mouse button on the start icon,
Figure 34.
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d4d4NOERPIP COEXy m®

Figure 34: Video recorder like control bar

4.1.2 Screen elements:

In the upper graphics area all measured frequency bands are shown in the tree view

style and can be shown easily by clicking on the appropriate tab. In the lower graphics
area the currently measured band is shown.

Further mode there is Frequency Test control, which shows the current measured
frequency as well as the Arbitrary Step Width.

@ PR
Fle Tet Regor Tabie Window

| = &

0-8- 14

3

VG
2 abyv P
AVG_CLRWR-AG_DR:

Levelin dBy

1452 1455 1460 1465 1470 1475 1430 1435 1490 1492

Frequency in MHz

= B 2 [ B 00 56 088 Llar 1

Fir_CLRWR-Fr
= AVG_CLAWR-AVE
12 dog PR

20

1452 1458 1480 1466 1470 1476 1480 1486 1400 1482

Frequenz in MHz

ddd4IIOEPPIP COEXE B

Ty (=T

Figure 35: During test run each subrange when executed gathers the datain a
separate table and graphic
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BD -8 %

PKs_CLRWR-PKs

Levelin dBuV

1574 16745 1575 15755 1676

Frequency in MHz

= - = o

Level in dBuV

1000 1100 1200 1300 1400 1600 1600 1780
Frequenz in kHz
S Temegproc. [

ddd<dllOEPPIP COEXyE m

=

Figure 36: Each individual Band (Subrange) is represented by one graphics,
visible after a click on the tab

Window | ? Window | ?

| Arrange » | - | Arrange 3 |

5 Horizontal |a Horizontal
7] Top Region 3 :D Vertical Az Top Region 4 :D Vertical
M Middle Region 3 Middle Regicn » | =y Cascade

Float

Close All Graphics Close All Graphics I

x-Axces logarithmic | x-Axes logarithmic

Explorer | T Explorer
'IIIT"I " \'TT|||'T|| AT T T

Figure 37: Configuration of the graphics display, all shown (Horizontal, Vertical)
or only one visible (Cascade), all other are in the background, selectable by tabs
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[ [E=3(EE =
Fle Tet Beport Table Window 1

B T JT
é‘_.h,"-"ﬂ‘:\‘ih SURRTR T
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5 1a
" Frqencyn
E—T) V6 | (13- Arkene 2
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Figure 38: The frequency control and the Test Process EMI Automotive are
visible on the right side of the screen

4.2 Test Control Bar

The test control toolbar is located at the bottom of the main window. It contains buttons
which look like the ones of a video player. Different functions can be performed with
the help of these buttons e.g. test can be started or stopped etc. Functions of these
buttons are mentioned below.

MO OEPPHM CHEXFw m®

Stop  Start Go to High Switch to Calculate Auto Exit Measurement
Frequency Scan/Sweep Limitand Merge Mode
Frequency Margin Copy Current
Step Forward Delete Trace
Switch to Measurement
Single Measurement
Mode

Figure 39: Test Control Toolbar before start

d(A<ITOEPIEN OCOEX¥x B

Pause

Goto Lowest  Frequency Stop Start
Frequency Step backward

Figure 40: Test Control Toolbar during test run

Alternatively to clicking on one of the symbols in the toolbar the following functions can
be controlled via the keyboard during a single measurement:
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Table 4-1: Detailed description of Control Toolbar

>

Button Description
Stop A running test is stopped by clicking on this button.
Start The test will be started, by clicking on the Start button, at the start frequency

defined in the frequency control. The measurement will be started and will
gradually increase towards stop frequency; as soon as the stop frequency is
reached the test will be stopped.

The start and stop frequencies can be defined in the Test Template as well.

A running test can be paused by clicking on the Pause button.

| 4

Pause

I I Note: This button will be used as Start button for a single measurement test.
A continuous measurement will be started at the current frequency.

Frequency Step T_he f_unctiqn of _this button_ is to in_crease the frequency step by step. The Step

Forward Size is defined in the Device Setting of the Test template.

By clicking on this button the frequency will jump to the next frequency. e.qg. if
the Step size is 60kHz then the next frequency will be 120kHz and so on.

After defining the frequency in the test template and after executing the test,
the start frequency will jump to next frequency automatically as defined but in
case to a start the test at frequency other than defined frequency then it starts
the test from the frequency, which closer to the Step size frequency.

The gradual increase or decrease of the frequency is dependent on the Step
size. e.g.

Defined start frequency in the Test Template is 30MHz.

But need to measure at start frequency of 170MHz --> the test will not start at
170MHz but it will start at 169.98MHz or if in case the start frequency is
190MHz then it will start at 190.02MHz.

This function can be utilized only for the single measurement test.

Go to High Frequency

P

By clicking this button the frequency will jump to the Stop frequency, which is
the highest most frequency defined in the Test Template e.g. If Stop
frequency is : 2GHz then by pressing this button it will jump to stop/high
frequency.

Frequency Step
backward

The function of this button is to decrease the frequency step by step. The
Step Size is defined in the Device Setting of the Test template. By clicking on
this button the frequency will jump to the previous frequency.
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4

By clicking this button the frequency will jump to the Start frequency, which is
the lowest most frequency defined in the Test Template e.g. if Start
Frequency equals 30MHz then by pressing this button it will jump to

H start/lowest frequency 30MHz.

Go to Lowest
Frequency

By clicking this button it will switch to automatic Scan / Sweep measurement.
Switching to this mode the whole range of the frequency shall be scanned or
swept as defined in the test template.

Switch to Automatic
Scan / Sweep

C

By pressing this button the mode will be switched to the single measurement

Switch to Single . .
g mode, where one measurement will be done for each single frequency.

Measurement
A o . . . . .
i t Switching to the single measurement in only possible while the test is
b L stopped.

By clicking this button, a dialog window will be opened. This dialog window
provides all necessary options to calculate limit and margin values for a result
table which will be available after the measurement.

Calculate Limit and
Margin

s The option which are available in the dialog window are:
1. Result type

o Spectrum:this is the resultant spectrum produced after the test.

o Single Measurement results: the result of a single measurement.

o From this Test: This dialog will select the table from the current
test.

2. Evaluation Column

o A detector trace column, from the resultant table (single or
scan/sweep results, evaluation results), can be selected here.

3. Limit Lines

o From this Test: Use limit line column from the limit lines table of
current measurement.
o Global: Limit lines defined from the Global Standards.

4. Output File:

o A name can be give to the output file which will be generated after
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the calculation or limit and margin.
The method is defined as followed

e A specific column, which shall be compared, can be selected from
Resultant table. This shall be done in Evaluation column dialog

e Select the pre-defined limit lines table either from limit lines table used
in the current test or from the Global limit lines. This shall be done in
the Limit Lines dialog.

e Column (from the resultant table) will be compared and added to the
pre-defined limits column in the limit line table.

e The margin to the limit line will be calculated and a new table will be
created with margin result.

e The destination file (Output File) can be used again as an input file
(select 'From this test' as the result type) if limit and margin values
need be calculated for more than one detector trace.

Delete Measurement

X

If the measurement run is stopped the current measurement result can be
deleted by clicking this button. All graphics and tables (active tables) are
cleared.

Copy Current
Trace

&

The measurement results trace(s) from a current sweep or scan
test will be overwritten when repeating the same measurement.
To save certain results you can use the function 'copy current
trace' on the toolbar. This way the current result file will
automatically be renamed to "Result Table (<time>)" or any
name can be selected and will be added to the diagram.
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. 2012_Automotive_DF_PK-AY
----- = Automotive Sequence

Subranges

Hid Subrange
e L

..... x Frd2

----- X DAB Band 3

----- X DAB L-Band

----- x ™ 3 - Antenne 1
----- x 45 - Antenne 1
----- x T3 - Antenne 2
----- x ™45 - Antenne 2
----- x T3 - Antenne 3

..... § ;‘-\;;5 - Antenne 3 [id] AM_Auta [11-20-29]
Cpd| AM_DR_D1 The resultant

table shall be stored in the Result Table folder adding the current
time in the file name.

El a Fesult T ables
] A _Aubo

Exit Measurement
Mode

—~

By clicking this button the test will Exit the measurement mode.

Store a Single
Measurement
Result

By clicking this button the measurement will be saved/recorded
at the selected frequency. Another frequency can be selected,
where measurement shall be performed, by clicking on
Frequency Step Forward Button P

4.3 Test Results

After the execution of the test, result tables will be generated for every Band
(subrange) as defined in the Test Template.
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Figure 41: After end of test all data are collected in result tables including tables
with the outcome of data reduction per Band

Table 4-2: Description of the naming convention for tables

Table name Description

<Sub-range name>_Auto This table contains the measurement values

<Sub-range name> DR_D1 | This table contains the result of the Data Reduction
acc. to limit line 1 and detector 1 (if data reduction is
enabled)

<Sub-range name> DR_D2 | This table contains the result of the Data Reduction
acc. to limit line 2 and detector 2 (if data reduction is
enabled)

Result Table Active table for the next measurement. After test stop
this table is empty.

Table 4-3: Naming convention for graphics

Graphics name Description
<Sub-range name> For each sub-range one graphics is generated
<Test template name> This graphics is ready to take over the trace of the

next measurement. It is only visible in measurement
mode, in analysis mode it can be floating.

5 Creating Reports

We start with an empty Report setup in the report generator.
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Mew File
Add Report Setup b R

Figure 42: In the Test Component tab of the EMC32 Explorer we start the Report
Generator with an empty Report

Ela Fi_esult Tahl

General
Title
EMC32 Report

Header

HTesthl#Pagst / HPageCount

Ecater

[ADateHvVerson#aTimes
Avalable Components EMC32 Re port

{0l Infarmation
(R EUT Information
- Hardware Setup
Test Template
<& EuT Monitoring
¢ Graphics
1 New Pags (Porrait]
INew Page [Landscape]
Table
Teut
¥4 image / Phata
[5] Protocal

EIET T

Selected Components

Figure 43: The empty Report Setup
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@ EUT Infarmation
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2] Test Template
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H5¢ Graphics
':‘|j MHew Page [Portrait)
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'

| Text
E Image / Phota
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&Rl W &
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2] Test Template
#5¢ Graphics
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Selected Components

E Infarmation
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¢ Graphics -

= Tahle Edit ...
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Show item in report ...

Edit Description ...

C
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Figure 44: The left side allows to select components out of the available
components and to edit their properties

—EUT Information

Template Options E

@ From the [curent] test folder

" From the spstem folder

|<nare>

Figure 45: Properties of EUT information
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Selected Components
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Selected Graphics
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Figure 46: The properties allow selecting single graphics as well as all graphics

by click on upper button
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Figure 47: Select a table
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Figure 50: Preview of the test report
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{ Additional Information

7.1 Short history of EMC32-K51

EMC32-K51 started as an EMC32-EB option. It expands the software with the
GMW3091/GMW 3097 Band Evaluation function that allows to do an evaluation on EMI
component test measurement tables and includes the results in the report of EMI
measurement data as described in the standard GMW3097; Feb. 2004.

With EMC32 Version 9.00 EMC32-K51 emerged as a bundle of EMI tests defined in a
template editor which is well adapted for high degrees of freedom in combining the
editors for hardware setups and EMI test templates in one test sequencer. So it is
possible to do sub ranges with overlapping frequency ranges.

Such EMI tests are requested by several standards (e.g. Ford ES-XW7T-1A278-AC,
GMW 3091, GMW 3097, and German Car Manufacturers EMC Standard: EMC
Requirements (OEM harmonized), Edition V1.01: 2009-04-07) . The test described in
EN55025:2008 Ed.3 / CISPR 25:2008 Ed. 3

Both EMI Automotive template editors (radiated and conducted) implement devices the
same way. Instead of referencing a Hardware Setup the user has to define device
settings with the tab Test Setup. Existing EMI Hardware Setups cannot be referenced
in the editor, they have to be described for each Subrange (Band, Figure 2) separately
(tab: Test Setup, Figure 10, Figure 11).

This application note describes the usage of the new EMI Automotive test template
based Band Evaluation.

7.2 Switching to Measurement Mode

Before executing a test the mode shall be switched from evaluation mode to
measurement mode. This can be done in either of the ways:

1 Switched to Measurement Mode Automatically on execution of the Test.
The mode will be switched to measurement mode as soon as the test is
selected, from the Test Template, for execution. This can be done if the option
"Do not Activate Measurement Mode on New Test" is not selected in the
"Option: File/Test" from the menu (Error! Reference source not found.).
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Figure 52: How to change start conditions
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Figure 53: If "Do not activate the Measurement Mode on New tests" is unchecked
the tool Bar allows to leave Measurement Mode

2 Switched to Measurement Mode Manually on execution of the Test.
The test will be started in the analysis mode and will not be in Measurement
mode. This can be done if the option "Do not Activate Measurement Mode on
New Test" is selected in the "Option: File/Test" from the menu (Error!
eference source not found.).
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Figure 54: If "Do not activate the Measurement Mode on New tests" is checked
the tool Bar allows to enter Measurement Mode

8 Ordering Information
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About Rohde & Schwarz

Rohde & Schwarz is an independent
group of companies specializing in
electronics. It is a leading supplier of
solutions in the fields of test and
measurement, broadcasting,
radiomonitoring and radiolocation, as well
as secure communications. Established
75 years ago, Rohde & Schwarz has a
global presence and a dedicated service
network in over 70 countries. Company
headquarters are in Munich, Germany.

Environmental commitment

e Energy-efficient products

e Continuous improvement in
environmental sustainability

e [SO 14001-certified environmental
management system

Certified Ouality System

IS0 9001

Regional contact

USA & Canada

USA: 1-888-TEST-RSA (1-888-837-8772)
from outside USA: +1 410 910 7800
CustomerSupport@rohde-schwarz.com

East Asia
+65 65 13 04 88
CustomerSupport@rohde-schwarz.com

Rest of the World
+49 89 4129 137 74
CustomerSupport@rohde-schwarz.com

This application note and the supplied
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conditions of use set forth in the download
area of the Rohde & Schwarz website.

R&S® is a registered trademark of Rohde &
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