-Test Systems &



Today’s Agenda

Internal

Current Automotive EMC Norms

Overview of EMC Norms for Vehicles and Components

Typical EMC Component Test System Setup
Basic Test System Structure and AVL EMC Load System Solutions

Advanced EMC Analysis Automation Interface
Data Synchronization and EMC Test Cycle Automation

Outlook on EMC Tools
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Automotive EMC Standards

Manufacturer:

Global:
GS, MB,

TL,GMW, ISO
B21, etc. CISPR

Automotive
EMC
Standards

Europe:
UN ECE

Regulation
No 10

Internal

Operating behavior according to EMC Norms:
» Radiated emissions CISPR 25
The EUT shall be made to operate under typical
loading and other conditions as in the vehicle such
that the maximum emission state occurs.
» Radiated immunity ISO 11452-2
The DUT shall be made to operate under typical
loading and other conditions as in the vehicle.

AVL approach:

EMC testing in early development stages from component
level to vehicle, step by step.

Goal:
Avoid expensive redesigns in later stages.
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Conditioning Unit Control }

'AVL Test System Automation System
3 ' ” lu 4

Demand / Current Values

AVL

Evaluation / Reportin

CAMEO™

Trigger Measurements

Calibration

Application

XCU Connection

Control HV DC Supply

Control Load System

PC
&

- Demand-, Actual Values
Temperatures E-Motor Stator, IGBT's

Line
LISN
= Filter

S
]
I
I
I
I
I
-

I/0

20KW Coolant Power
Water/Glycol or Oil

Internal

Monitoring AC

EMC Chamber

HV DC Supply

Speed
Torque
Voltage
Current
Vibration
Temperature

AVL E-Motor TS™ EMC - fixed

Water/Glycol In/Out

AVL
CONCERTO™
Calibration

EMC
Measurement

System

R&S Elektra
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AVL E-Motor TS™ EMC - fixed

Setup according CISPR25 Setup of mechanic and EUT

,\// Multllevel shleldlng attenuatlon - Dyno outside chamber
P A | . ..
,%/ " EUT insulation = Long shaft supported inside the

157, \\\ C

= Shaft through wall

— Multilevel shielding attenuation
— Shielding with structure born
noise damping

= E-Motor insulation

| = Monitoring of EUT unbalances
/__ h Shaft support » Distances of EUT, Cables and
- \ Antenna according to CISPR25

E-Motor support

Internal | | 04 Oktober 2021 |



AVL E-Motor TS™ EMC - fixed

A wide range of dynamometers for

high speed applications are available

Power: up to 700kW +
, up to 20000rpm (Up to
Speed: 22000rpm on demand) . + T .
IABLE ANALYSIS| | | L
Torque: up to 4500Nm ——+—' > —~i 1 =
Batterie Emulation: < 1200V, <1600A /‘|/ | | — -
Mounting: Flange/Foot available —
— X

Internal =il | | 04 Oktober 2021 |




AVL E-Motor TS™ EMC - mobile

Mobile testbed for EMC testing of high-voltage
components

Full range high precision speed and torque control mobile in
one System

Upgrade your existing EMC chamber with minimal effort on
facility side

signed for time-efficient EMC testing of high-voltage
components during entire development process

Supports latest EMC Standards

Internal
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AVL E-Motor TS™ EMC - mobile

\

\ l

Setup according CISPR25

E-Motor

‘ 1 T

\
I‘\
-k
v .
\

Mounting bracket

= Dyno inside the load system

= E-Motor mounted on top

= Measurements at different

Turn Table

Internal

angles possible (turntable)
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Dimensions, Weight and Scope of Supply

Basic Scope:

* AVLE-Motor EMC — mobile
* Power cables and plugs

* Communication cables

Options:
EMC Table
EUT Mounting Bracket
EUT Adapter Plates
UUT Shaft
Shaft Burst Protection

Automation Options:

« Standalone Trolley with AVL
EMCON 6™
Full Automation Integration with
AVL PUMA 2™ & AVL EMC Tools

Internal



AVL E-Motor TS™ EMC - mobile

System Performance

- ' EMC PARAMETERS
Mobile EMC Testsystem Generator Operation
AVL E-Motor TS™ EMC - mobile Generatorischer Betrieb
) Frequency range 10 kHz
in-1 5,310min"t 9,735min-1 i issi
- 2:855min L = 300 Radiated emissions to 18 GHz
X i e
EE L X : ' =
= 500 % : i 250
< = ‘ \L\‘ : i i-\% 6 dB less than the CISPR 12 broad-
EE 450 - 1 ¢ ! ! E‘ G d no band transient emissions.
[} W i i |
3 8 i \ 1 | [ roundnoise At least 6 dB better than class 5
] o 1 | —
Ef@ 400 - - : : 200 g 3 according to CISPR 25.
|9 Q i \ i : o
350 340Nm : : 3
N 155kW ! i
300 - i = 150 400 V/m unmodulated, modulated
gt \ ! ! Immunity field (80 % AM 1 kHz) according to ISO
- o . i o St 11452-2
: : \\ \\\ ] i
 J1KW 1 ESEEH
Hh ‘\ T SUPPORTED EMC STANDARDS
L} ] T 1
' i & : 50 Radiated Emission:
: ; S | ¢ CISPR 25 fully compliant (6 dB better than class 5)
' i ! ¢ CISPR 12 in combination with a turntable compliant more
t ! : than 6 dB
: : i 0 dinted L
0 2500 5000 7500 10000 12500 15000 Radiated Immunity:
vy ¢ |SO 11451-2 (vehicles and components)
—— ——nom. Drehmoment korr. —— kurzz. Leistung korr. —— Nom-Leistung korr. SpEEd / min o SAF J551/11
Drehzah! in-t
(ehzalll v * 1SO 11452-11 (applying higher EM fields)
Overload factor / Uberlastfaktor: Power 1.7 /Torque 1.68 - Repeatability / Wiederholung: 1min in 10min - Recovery load / Erhollast : 100% nom. © 400 V/m with 80 % AM (1 kHz)

Internal / 10
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AVL - R&S / Advanced EMC Analysis

AVL CONCERTO

AVL CONCERTO 5™
Professional data
post-processing
software

Internal

Jo - e \\

AVL PUMA 2
Automation system

a,® o
go = ROHDE &SCHWARZ

AVL RoadSim EMC
(Chassis dynamometer)

-+t T T
+++4—J&r+

Vehicles (e.g.
(M)HEV, PHEV, BEV,
FCEV)

L

A
E-Motor:
Electric motor, and
power electronics




Motivation for Dynamic EMC Testing

» Load change effect - current probe EMC measurement on HV line (low torque in violet, high torque in blue)
=> Higher broadband interference emissions with torque increase

E% Legend:
“,PK+ Limit: CISPR 25 Class 5
"sAVG Limit: CISPR 25 Class 5
"\/PK+ Level: 3000 rpm / 200 N
““sPK+ Level: 3000 rpm / 100 Nm
b, AR _/AVG Level: 3000 rpm / 200 Nm
S | ' ., "“AVG Level: 3000 rpm / 100 Nm

0K Mk S0k BNk TO0k MK 11 N L3V am [ (1] THMOBEM IM WM 20w

Internal



Motivation for Dynamic EMC Testing

= Motor mode (acceleration in yellow) vs. Generator mode (braking in blue) - current probe EMC

measurement on HV line
=> Much higher broadband interference emissions in generator mode than in motoring mode

3 Legend:
"""""" "yPK+ Limit: CISPR 25 Class 5
: R "*sAVG Limit: CISPR 25 Class 5
.

""""""" e T T '\/PK+ Level: 15000 rpm / -20 Nm
2 \ . "vAVG Level: 15000 rpm / -20 Nm
e L R AT, AT " PK+ Level: 15000 rpm / 20 Nm
= T "“/AVG Level: 15000 rpm / 20 Nm

LG Bk [r k] L W L] &M M 10mM 2 3
Fragquencyin Az

Note: the measurements have been done in a pre-compliance environment, the background level interference emissions are higher than demanded by the standards

| | 04 Oktober 2021 |
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Motivation for Dynamic EMC Testing

Speed effect - current probe EMC measurement on HV line (low speed in blue, high speed in violet)
=> Higher discrete interference emission patterns at higher speed in specific frequency ranges

in dBus

_ Legend:

Lava|

“yPK+ Limit: CISPR 25 Class 5
“yAVG Limit: CISPR 25 Class 5

“/PK+ Level: 3000 rpm / 100 Nm
"“PK+ Level: 15000 rpm / 15 Nm
AVG Level: 3000 rpm / 100 Nm
“*AVG Level: 15000 rpm / 15 Nm

30k 40k W0k BME TOOKk 80K 1] im IM am 8 1" ] THOBEM SM 10M b il ]
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Automotive Trend to Real Operating Behavior

Operating Status: WLTC Class 3 \

Low Medium High Extra High

Speed £
- Torque g w20
- Voltage (Charge State) . /
Cable-type, connection impedance, " / N{
cable length, shields, ... 0 | k\W

o L\/ |

Dynamic conditions (e.g. WLTP . ﬁ | H \ a ( I I
cycle) LYW (R nUn "

» Acceleration EEREERENEEE R PEEERR RSB E LR P SRR NP RN R EEEE R
Deceleration ime, s
Regenerative braking Ci

‘ ity Country Road Free Way

Internal



Test System Synchronization

Test System Automation

Test Plan Management AVL PUMA 2™ DUT Control and
Reporting Test Engine

Test Flow Control Raw Data Exchange Measurement Synchronisation
« Create Test » Measurement Results - Test Bench State (Ready, Running)
+ Save Test « Graphics - DUT State (GO/NOGO, Running,
« Start / Stop Test + Tables Stopped)
+ Close Test » Test Templates « DUT Property (e.g. Speed, Torque)
* Reports « EMC Test Parameter (Test Level,
» Limit Lines Modulation, Critical Frequencies)
« EUT Information « EMC Test System State (RF ON/OFF,

Scan running)

Database EMC Measurement
Test Flow Control EMC Test Software Engine / Test Flow

RAS®ELEKTRA
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AVL - R&S / Advanced EMC Analysis: Summary of Benefits

Wider and more realistic test coverage

EMC test under realistic driving conditions in which the
dependencies of all variables are recognized at any time

Easy to operate

The EMC engineer can focus on his work and rely on fully
automated & safe control and monitoring of testbed and DUT

Full automation instead of individual controls

Synchronized testbed and EMC automation with automated
3 test run and post processing

The equipment can be used for functional tests and EMC
tests due high utilization rate

Risk minimization and identification of intolerances

Future Proof

4 Migration path to ADAS/AD functional testing by reuse of
radar target simulator, roller test bench, PUMA

o mema s -




Outlook EMC Toolbox

AVL Scope

PUMA
Interface
to Elektra

PUMA
Test Runs

Concerto
Post
Processing
Templates

Internal

Full-compliance testing
EMC Test Systems

AVL 3
EMS

ROHDE&SCHWARZ

AVL &g

OTA

%8
AVL &3

ROHDE &SCHWARZ

AVL &
ADAS

ROHDE &SCHWARZ

Pre-compliance testing
EMC and Performance Test Systems

L=
AVL 5

Time / FFT
RFI Voltage
(scope)

AVL &

Shaft Voltage
and Current

AVL 3

Conducted
Voltage and
Current
(receiver)

%HDE&SCHWARZ
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Contact

® 6

LOCATION PHONE EMAIL WEBSITE
AVL List GmbH (+43) 316 787-0 asmir.hrnic@avl.com www.avl.com
Hans-List-Platz 1
8020 Graz
Austria
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nk you

AVL &

WWW.avl.com

Interna



	Advanced EMC-Test Systems & Applications
	Today’s Agenda
	Automotive EMC Standards
	Foliennummer 4
	AVL E-Motor TS™ EMC - fixed
	AVL E-Motor TS™ EMC - fixed
	AVL E-Motor TS™ EMC - mobile
	AVL E-Motor TS™ EMC - mobile
	Dimensions, Weight and Scope of Supply 
	AVL E-Motor TS™ EMC – mobile
	AVL – R&S / Advanced EMC Analysis
	Motivation for Dynamic EMC Testing
	Motivation for Dynamic EMC Testing
	Motivation for Dynamic EMC Testing
	Automotive Trend to Real Operating Behavior
	Test System Synchronization
	AVL – R&S / Advanced EMC Analysis: Summary of Benefits
	Outlook EMC Toolbox
	Contact
	Foliennummer 20

