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Electrical driven vehicles

Development task

» Develop a vehicle that sells

o » Technical superior

» Drive experience

» Ultimately, with profit

» Time

» Manpower

E > » Resources, e.g. testbenches
Challenges
(1) E-Motor (4) Power Electronics (7) OnBoard Charger @E %SM
e G ) > Charging VECTOR >
» Safety and Robustness | have solutions
> NVH to all of them!
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Knowing your electrical power

Battery Inverter

AC

Direct current:

P=Ul
Alternating current:
Complex power S=U-I
t2
Active power P=-" u-idt

51
. _ >
Reactive power Q =+S%2—PZ=UI"-|sing| 0 0 Y/ ot
3-phase effective power  Peff = P1+ P2 + P3
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Knowing your electrical power

Battery Inverter =

Direct current:
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3-phase effective power  Peff = P1+ P+ P3
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Knowing your electrical power

Battery

Direct current:

Alternating current:

Complex power
Active power

Reactive power

3-phase effective power

]
Inverter
]

h ° ° ° '
P=UI Synchronization Is a must!
[ [1] Grafik Record_Standard_2022-08-04_16-47-48.mf4
Name —_-
- aibotbedl
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S=U-1I

o BT T
0 Helss

Peff:P1+P2+P3
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Frequency Determination

Determination of electrical frequency is challenging
» Voltage is no sinus wave
» Noisy signal
» Electrical frequency changes
with driving situation

» Frequency estimation
should be possible within
one periode
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Knowing your electrical power

4 wire e-Motor. N as a common reference.
Easy to determine the phase power (P,, P, and P,).
Total power is the summation of each phase power

P 3-Phase System with 4 wires (N-Wire)

tota
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Knowing your electrical power

Typically, neutral wire is not available for an e-motor
» Measure 3 line-to-line voltages
» Line-to-line voltages must be transformed to phase
voltage to obtain the total power 3 Phase System with only 3 wires

» Transformation depends on the e-motor itself
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Knowing your electrical power

Star Connection

Delta Connection

1 T .
P1=&f0 ul'lldt

Uy #Up

11 :'tILl
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Power-Analysis with CSM and Vector

Power analyzer are typically
» Very precise
» In-lab: Limited synchronization methods to further
signal sources, e.g. ECU

» Challenging offline analysis
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Power-Analysis with CSM and Vector

Power analyzer are typically
» Very precise
» In-lab, in-vehicle, on/off road drive test use
» Support of various sensors, bus networks and
protocols
» MDF > well established offline analysis tools, e.g.

vSignalyzer

E-Motor A
Power Analysis |

Calculation

Raw Data Processed Results
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CSM Measurement Modules

The right measurement system for your application!
» Measure voltages, currents, temperatures, strain,...

» Measurement sample rates up to 2 MHz per channel

» Safe mode of operation
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eMobilityAnalyzer, a function library for vMeasure and CANape

eMotorPowerAnalysis calculates all electrical parameters of an electrical Motor online and offline

Description

> Inputs: E-Motor Power Analysis System bssed on a detected period in the current signa. 1
> Phase VO ltages Ulz’ U23’ U31 uses the 3 phase voltages and the 3 phase currents as input,
Configuration
» Currents Iy, I,, I; iz | 1= \
» Outputs: = : : =) ]
. u31: —
| g Actlve power P N | | B @ — |eMotorPowerAnal3rsis
» Complex power S z | (=)
» Reactive power Q ER I
» Efficiency factor A Parameter
> . Integration interval [ms]: 100.0 Pre-filtering current and voltage of outputs
EleCtrlcal frequency f Cycles min.: P Apply Lowpass: [:] Cutoff frequency [Hz): w
> Total work W LN
. Sync Input Motaor type
» Effective values per phase U, I 1s O Curent O Votage RMS min. O st
. L. . () Delta
» Calculation within one electrical cycle Frequengy min. (2 Frequengy max. 2]

» Calculation results are synchron to further measurement records:
» Power electronics, BMS, mech. power, ...
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Students Development Tasks

Development of a Formula E student competitive

vehicle

Starting Point: e-Motor and inverter for industrial
application
» Almost steady state operation

» Changing torque, yet constant revolution

» Low dynamic

Requisite for competitive vehicles:
Varied revolution

Varied torque

High dynamic response

Still highly efficient

vV v v VY
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Test Setup for Next Generation Automotive Engineers

XCP-on-Ethernet

XCP-Gateway 4Spro === kel
\

QPOOO 0 s:::: Of Smart Logger

VP6450
EtherCAT®

. -\
CXXXOMUleY CNT4 evo

0000 UO AD4 MC10

HV BM 11

HV BM 1.2 .
HV Battery Inverter Electric Motor
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Data Analysis and Interpretation
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Mode Scaling

1: NewConfig1
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Data Analysis and Interpretation

g [1] Grafik Record_Standard_2022-08-04_17-47-49.mf4
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Data Analysis and Interpretation

g [1] Grafik Record_Standard_2022-08-04_17-47-49.mf4 - 8 X
MName
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Data Analysis and Interpretation

g [1] Grafik Record_Standard_2022-08-04_17-47-49.mf4
MName
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Data Analysis and Interpretation

g [1] Grafik Record_Standard_2022-08-04_17-47-49.mf4
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Data Analysis and Interpretation

g [1] Grafik Rec
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Data Analysis and Interpretation

g [1] Grafik Record_Standard_2022-08-04_17-47-49.mf4
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Data Analysis and Interpretation

g [1] Grafik Record_Standard_2022-08-04_17-47-49.mf4
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Reactive and complex power are
significant - setting far from ideal
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Data Analysis and Interpretation
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Summary

CSM and Vector together have tools to tackle current and future development tasks in developing next generation
electrical driven vehicles

» Measuring devices for all kinds of physical probes
» Safe operation
» Robust equipment
» Reliable and reproducible results
» High dynamic range

» Measurement software to record and online process acquired data
» eMobilityAnalyzer function library
» Synchronous acquisition of multiple signal sources, e.g. via IEEE1588
» Optimized workstations for testing

» Not limited to the development of electrical driven vehicles
» Get in touch with us to find the ideal measurement solution for your development task!
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About CSM

CSM has been setting technological standards for decentralized
measurement technology in vehicle development for over 35
years. Our CAN bus and EtherCAT® measurement devices
support worldwide renowned vehicle manufacturers, suppliers
and service providers in their developments.

Continuous innovation and long-term satisfied customers are
our guarantee for success. Together with our partner Vector
Informatik, we have developed an easily scalable and powerful
E-Mobility Measurement System for hybrid and electric vehicles
and are constantly expanding the areas of application. With our
high-voltage safe measurement systems designed for fast and
synchronous measurements and power analyses, we actively
accompany the change to E-Mobility.

CSM GmbH (Germany, International) CSM Products, Inc. USA (usa, canada, Mexico)
Raiffeisenstrale 36 1920 Opdyke Court, Suite 200

70794 Filderstadt Auburn Hills, Ml 48326

Phone: +49 711 - 77 96 40 Phone: +1 248 836-49 95

email: sales@csm.de email: sales@csmproductsinc.com

Data Analysis and Measurement Data Management

vSignalyzer ‘ ;Muu

Hv Breakout
Modules

CSM Xplained: Electric Power- and Efficiency- Analysis in Road Tests
26.10.2022 Slide 25

Powered by V E CTO R >



For more information and the current dates
of CSM Xplained, please visit

www.csm.de /webseminars @%

CSM/VXpIained

measurement technology
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