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Vector & CSM Partnership

u Vector :industry leader in automotive tools and software engineering

u Specialist for vehicle networks, communication and embedded software

u CSM: German manufacturer of outstanding measurement
technology for data acquisition in the automotive industry

u Specialist for distributed measurements in mobile applications

u Specialist for HV measurement

u Sales and R&D Cooperation with Vector Informatik GmbH since 2014

u Goals:
u Joint Developmen t: vMeasure exp, CAN Interface Module, HV Function Library in vMeasure exp
u Toolchain  from sensor and vehicle bus to data recording, analysis and data management
u Highest performance and flexibility
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Most Common Topics of R&D

u Battery Testing
u Temperatures of each cell
Aging of cells
u SOC and single cells
u Environmental conditions
u Behavior during crash
u Thermal runaway
u Test of the BMS functionality
HV safety

c

c

u E-Drive Testing
u Power, efficiency
u Extensive test bench tests
u Temperatures
Inverter ECU functionality
u Communication of E -drive

c




More Components
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E- Motor

HV Battery
Power Electronics
HV Distributor

Compressor

Quickcharge Unit

OnBoard Charger
PTC Heater

DC/DC Converter



Most Common Topics of R&D

u Auxiliaries Testing

u

u

u

u

Test of chargers
Consideration of Power net fluctuation
Evaluation of charger efficiency

E- Drive Testing

u

u

u

u

Second e -motor

Drive scenarios

Cost vs performance vs weight and size
Bigger battery systems
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Fast HV Automotive Measurement
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Most Common Topics of R&D

u

u

u

u

HV Electrical Network Compliance

What is the effect of high current pulses and peaks?

What DC quality does a component need?

How does a component modify the DC quality?

How do 2 e -motors interact on the power lines?

How does the HV network behave under real driving conditions?

How big are the currents on the shielding of the HV cables and
I s guaranteed that they donot

As an OEM, how can | guarantee that the overall
system works? Is it robust?

How is Arobustida? defined?

burn?
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LV123

u Problem: many components from many different suppliers lead to unpredictable behavior
u German OEMSs release LV123 norm which might soon become official regulation

) @
(D
ANEl ectri cal properties and electrical
of high -voltage components
Il n motor vehicl es: requilrements and t
J
—/
u Purpose:
u Focus: HV components only
u Requirements on operating ranges, test specification and criteria
u Dynamic criteria, limits and deviations
u Covers:
>Static and dynamic tests, ripples on power | ines, volt
>Safety: touch, I sol ati on, mar Ki ngs, connection to exteé

>Charge and discharge, additional tests for battery, D (
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LV123 Examples

u Generated HV voltage ripple

u Purpose: The aim of this test is to prove thatthe generated HV voltage ripple (ripple) of a HV
component is within the specified limits  and their HV  functional state not changed by the self -
generated HV ripple.

u Requirement: Voltage ripple caused by normal swing at low load, z. B. at 5% to 10% of rated load,; -
Voltage ripple when engaging fast control algorithms , €.g. to the jerk -damping of mechanical
vibrations in the drive train; - Voltage ripple at maximum acceleration from standstill or from lower
Number of revolutions; - Low temperature operation of a clocked / PWM controlled heater.

u Applied HV voltage ripple

u Purpose: The robustness of HV components compared to the HV voltage ripple occurring in the HV
system (Ripple) is to be proved. During the test, attention must be paid to resonance phenomena
between the test setup and the test object. All overshoots and dips  in the AC component of the HV
voltage and the HV current at test items are to be documented for the respective frequency.

u Requirement: Any functional state must be observed in the regular HV operating voltage range with
superimposed ripple . no resonance -related amplitude changes of more than 3 dB
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Todayos questions

u Overall EV validation, verification and compliance

u

u

u

As an OEM, how can | guarantee that the overall system works? Is it robust?

What is the effect of high current pulses and peaks in real driving scenarios  ?

How does a component modify the DC quality worst case ?

How do 2 e -motors interact on the power lines in real driving scenarios  ?

How does the HV network behave in real driving conditions? In accidents? Under water?

How big are the currents on the shielding of the HV cables and
Il s guaranteed that they dondét burn?

u  Optimization
u  Which Vehicle Control Unit algorithm and which inverter function increases the efficiency and with
that, the range? 2% better efficiency can result in 4% more range!
u  What effect have new technologies for heating and cooling on increase in range?
u What is the effect of  new semiconductor materials (Siliziumcarbid , Galliumnitrid ) in power
electronics , on board chargers or DC/DC converters?
u What temperatures are presentinreal -life in the windings of the e -motor, in the power electronics,

in cables and plugs and under which conditions?
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Conclusion

Challenge
u Electric engines are an established technology. Little surprises.
u The battery is crucial both for range, weight and safety

u The by far biggest complexity comes with
u Dynamic effects on the power line that all consumers share
u Fast switching of power electronics
u Induced currents, the resulting distortions and temperatures
u Sophisticated control mechanisms of the ECUs

Consequences
u You need analog measurements (t emperatur es, pressur e,
u You need high -speed measurements of currents and voltages (at least 1 MS/s)

u You need many of these high -speed measurement points (between all components)

u You need the capability to analyze efficiency, peak -to-peak, deviation etc.  during runtime

Not as post processing

u You need ECU measurement and Bus Signal measurement on the same timeline.
Absolute time -synchronous

VECTOR >
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The Solution

Analog Measurement Modules from CSM
u Mobile measurement of physical values
u Robust and reliable

u High Voltage Measurement Modules from CSM
u HV safe measurement of physical values
u High voltage and current measurement @ 1MS/s
u Completely synchronous across many channels

u Bus and ECU Measurement Interfaces from Vector
u Measure values from all automotive bus systems
u Measure values from inside the ECU

u Software: vMeasure or CANape
u Collect all data from all sources synchronously with >2GB/s
u Precise onl ine calcul ation-to-pbeBk, SFFQ,
u Use calculated values for  triggering or further online analysis
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vMeasure exp

u VMeasure exp is a flexible measurement software solution for
reliable acquisition and efficient evaluation of measurement
data.

u vMeasure exp supports

u

u

u

CAN-based measurement hardware
XCP on Ethernet based measurement hardware

DAIO interface for the individual support of other
measurement hardware

Audio, video and GPS devices via USB

ECU interface with protocol XCP on CAN, LIN, FlexRay and
Ethernet

u Signal acquisition on automotive bus systems and via OBD -1

u Intuitive configuration of the connected CSM measurement
hardware

u Various options for visualization of measurement values

u Storage of the measurement data in standardized ASAM MDF
format

VECTOR >
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Application Example: Validation of the HV Electrical System

Use Case

u Check voltage ripples  (LV123)

u Validate DC quality

Challenge

u High channel count of signals with 1 MS/s

u Direct feedback to the test driver necessary

u Need for complex mathematical operations as trigger conditions

u High accuracy and absolutely synchronous to ECU measurements
Solution

u HV measurement technology, 1 MS/s per channel

u  Synchronous data acquisition and recording with vMeasure log

u  Online calculation of derivatives*, FFT*, VW 80303 criteria with vMeasure exp
u Triggering on all measured and calculated quantities

Advantages

u Efficient and reliable validation with instant feedback

u  Synchronous recording of CAN, CAN FD, FlexRay, Ethernet and ECU signals

* planned

VECTOR >




18

Feature Set Vector eMobilityAnalyzer

DC Analyzer

u Voltage and current
u DC component U and |
u RMS voltage and current (true RMS, no gaps)
u Peak-to-peak values

u Power
u Active power
u Electrical work
u Total input charge flow (Ah)
u Total output power flow (kWh)
u Efficiency P ,, / Py,

All calculated signals take input signals up to 1 MS/s
and are available for synchronous recording, triggering and
as input for further calculations or evaluations
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Application Example: AC Power and Efficiency

Use Case
u Recording power during drive testing

u Highly accurate and absolutely synchronous

Challenge
u Detection U, | with 1 MS/s necessary
u Precise determination of the electric frequency

u Triggering on calculated power quantities

Solution

u HV measurement technology from CSM, 1 MS/s per channel
u Data collection and recording with vMeasure log

u Fast and accurate determination of electric frequency

u  Online calculation with vMeasure exp ePowerAnalyzer functions

Advantages

u Fast and flexible determination of efficiency

u  Synchronous recording of CAN, CAN FD, FlexRay, Ethernet and ECU signals
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