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Power and efficiency measurements

Charging system HV/LV DC/DC Converter

Electric heater

Powertrain

Electric motor Electric water pump

AC Compressor

DC/AC Inverter

Additional consumers

HV battery

CSM Xplained: Power and efficiency measurements
2022-03-23 Slide 1 poweredby V ECTOR > www.csm.de

&S CSM


https://www.csm.de/en/

Power measurement between HV battery and inverter

PC, measurement computer

XCPoE

XCP-Gateway

DC

DC

AC

HV battery HV Breakout Module 1.2 Inverter Electric motor
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HV Breakout Modules HV Breakout Modules

on www.csm.de

Measurement of high currents and voltages
» All in one compact solution
» Easy installation directly into the HV power cables

» Plug-in system for easy installation on test vehicles

HV Breakout Module 1.2
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HV Breakout Modules

Measurement of high currents and voltages

» Current measurement with shunt modules
= |nner conductor current I,,,,, : 50 Ato #1,000 A
= Shield current

» Voltages up to 2,000V

» Data rate up to 1 MHz per channel with EtherCAT,
additional CAN interface

» For vehicle and test bench applications

= |P67, operating temperature range: -40 °C up to +125 °C

DC

DC

l_ IA—«
¢ ..
\\“’ 1

HV Breakout Module 1.2
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PC, measurement computer

Slide 5

vMeasure exp - Data acquisition software

» eMobilityAnalyzer Power analysis harmonized with CSM measurement

modules

vMeasure exp

» Multithreading functionality

on www.csm.de

» Time synchronized data acquisition from
= CSM measurement modules (HV BM, ECAT, CAN)
= Vehicle busses =
= Control units
= Video, GPS

» Online calculations

and scripting

» Multiple visualization

poweredby VECTOR > www.csm.de
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Basics Electrical Power

Electrical power
Instantaneous power

Active power

Active power
Apparent power

Power factor
Power factor = Displacement factor

Reactive power

Efficiency

Efficiency

CSM Xplained: Power and efficiency measurements
2022-03-23 Slide 6

P=UXI

p(t) = u(t) x i(t)

1 (T ,
12 = 7,]; u(t) X i(t)dt

P =Upmns X Irms X 4

powered by V E CTO R >

Direct current (DC)
Non-sinusoidal signals

Non-sinusoidal signals

Alternating current (AC)
Total apparent power

Any curve shape
Sinusoidal signal

Total reactive power

General

Electric motor

CSVm
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eMobilityAnalyzer

PC, measurement computer

DC

. & £ ts
B @ @ *rs
DCf™ ’i i oi”v' |

HV Breakout Module 1.2
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Power analysis with eMobilityAnalyzer and HV Breakout Module

eMobilityAnalyzer

Short measurement chain for power calculation on WWW.csm.de

@

» HV Breakout Module supplies the digital instantaneous values (samples)
of voltage u,, and current i,
» Real-time calculation of interval-related quantities such as active power

P in the eMobilityAnalyzer

1 (T 1w
P:?fo u(t) X i(t)dt P=NZ)uninAt
n=
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eMobilityAnalyzer

PC, measurement computer

DC

= .. -
‘ or-

DC

HV Breakout Module 1.2
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eMobilityAnalyzer - Function Library

The eMobilityAnalyzer enables a real-time analysis of

>
>
>

v

AxlePower
ChargerEfficency
DCAnalysis
DCEfficency
eMotorPowerAnalysis
eMotorYdelta
Harmonics
InverterEfficency
PWMPowerAnalysis
Ripple

ShaftPower

powered by V E CTO R >

Mechanical power and work of an axle

Efficiency charging system

Analysis of a direct current signal

Efficiency of a converter

Electric motor power analysis

E-motor star delta transformation

Harmonic analysis (fundamental and harmonics)
Inverter efficiency

Pulse width modulation Power analysis

Ripple of a direct current signal

Mech. Power from torque and speed
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eMobilityAnalyzer

]

Calculation Processed Results

Raw Data

PC, measurement computer

DC 800V

DC

T
ﬂ*‘:

& -4 L

(4D ]

Power analysis on a DC signal

arter

HV Breakout Module 1.2
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Mame Comment Base data type

v % DCAnalysis STRUCT(112)
[¥]e* DCAnalysis.Ah Total charge [Ah] DOUEBLE
[v]” DCAnalysis.ldc Average current [A] DOUBLE
E DCAnalysis.max Maximal current [4] DOUBLE
E DCAnalysis.min Finimal current [4] DOUBLE
[¥]” DCAnalysis.lpp Peak-to-peak current [A] DOUBLE
[¥]o? DCAnalysis.lrms Root mean square current [A] DOUBLE
[¥]” DCAnalysis.P Active power [W] DOUBLE
[¥]” DCAnalysis.S Apparent power [VA] DOUEBLE
[¥]e” DCAnalysis.Udc Average voltage [V] DOUEBLE
[v]h” DCAnalysis.Umax Maximal voltage [V] DOUBLE
[¥]” DCAnalysis.Umin Minirnal voltage [V] DOUBLE
[¥]” DCAnalysis.Upp Peak-to-peak voltage [V] DOUBLE
[v¥]” DCAnalysis.Urms Root mean square voltage [V] DOUBLE
[¥]o” DCAnalysis.W Total energy [KWh] DOUBLE

£ >

K Cancel Help
=
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eMobilityAnalyzer

E-Motor 7T
Power Analysis = L

Raw Data Calculation Processed Results

PC, measurement computer

DC 800V

HV Breakout Module 1.2 erter

CSM Xplained: Power and efficiency measurements
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i DCAnalysis_
~ General
% Extended

Description

DC Analysis

Configuration

Power analysis on a DC signal

This function analyses a DC- or AC-phase. It calculates the
effective power, apparent power, total work and the total
charge for a predefined time interval.

Voltage: |CSM.HVBM_U_Bat

Current: |C5M.HVBM_I_Bat

o | =

Parameter
Integration interval [ms; (100

Output

‘Dmnalysis_.Udc | ‘Dmnalysis_.Umin | ‘Dmnalysis_.P |
|DCAnaI1rsis_.Idc | |DCAnaI1rsis_.Imax | |DCAnaI1rsis_.S |
|Dc.&na|ysis_.Urms | |Dc.&na|ysis_.|min | |Dcnna|ysis_.w |
|DCAnaIysis_.Irms | |Dmna|ysis_.Upp | |DCAnaIysis_.Ah |

| |

|DCAnaI3rsis_.Umax

|DCAnaI3rsis_.Ipp

Cancel Help

E1ecTtric motor
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Power measurement on a powertrain (in real time)

eMobilityAnalyzer

Raw Data Calculation Processed Results

PC, measurement computer

XCPoE

XCP-Gateway

EtherCAT

DC

DC

AC

» S ) O a
L-""—";l Y
S0P
T r
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HV battery HV Breakout Module 1.2 Inverter
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Power measurement between inverter and electric motor (in real time)

XCPoE
Optional synchronisation via PTP
AC, 3p, 800V ‘
. DC
—
—
—

AC

HV Breakout Module 3.3

CSM Xplained: Power and efficiency measurements
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HV Breakout Module 3.3

on www.csm.de

HV Breakout Module 3.3

» Measurement of 3-phase currents and voltages
» Performance analysis with the eMobilityAnalyzer

» Output of measurement data

at a rate of up to 2 MHz
per measured variable
via XCP-on-Ethernet

ECAT CAN PWR IN

D@ ee

CSM Xplained: Power and efficiency measurements
2022-03-23 Slide 13 powered by V ECTOR > www.csm.de

&S osm


https://www.csm.de/en/
https://www.csm.de/en/products/hv-breakout-modules/hv-breakout-module-3-3

HV Breakout Module 3.3

>

Voltages up to +1,000 V
Measurement range for transients
up to 2,000 V

Currents up to 800 A
(nominal value shunt module)
Measurement range for peaks
up to +1,400 A

Optional PTP Sync (IEEE 1588)

Optional "XCP Gateway" function
for connecting additional

CSM CAN and EtherCAT®
measurement modules

CSM Xplained: Power and efficiency measurements
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3-phase power measurement (3¢p3L, 3V3A)

» Phase-synchronous measurement of current and voltage

DC
“ @m
= $¢
= O
AC
Inverter HV Breakout Module 3.3

CSM Xplained: Power and efficiency measurements
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Calculation in the eMobilityAnalyzer

For the 3-phase power analysis, the eMobilityAnalyzer calculates the period
length and frequency in real time from the sampled values to the phase-
synchronous currents and voltages of the HV breakout module.

[|[Name L A R A A A R I

3811 =-659.0A | - R T SO T e S T o S
2812  =12003A 1000 -+ AN Y 4
1813  =-5369A1 | | .

s00{ /X 4

o

1,2,3: Current-[I_3,1_2

5004t VAR W W R N T/ T

L1 ié >10007 i -“l o ‘----:r----:----: ----- :r----fr----

1500 | i R N
1000 T i

3B vz =-7810v]

2 B u23 =117v 1]
L2 18w =7797Vv |

i ‘. pTa pr 1
500 ' | w- v
I

H* :

Measurement on
3-phase electrical motor

1,2,3: Spannung - [U31, U23, U17]

26213 Fh

t=501.836131ms i T
1ms(200us)/Div

[
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Easy configuration in the eMobilityAnalyzer

... @ =]

&k eMotorPowerAnalysis Description

n f General E-Motar Power Analvsis This function calculates the effective power of a 3-phase
%4 Ewtended y system based on a detected period in the current signal. It
- uses the 3 phase voltages and the 3 phase currents as input.

Configuration

e |c5M.HvBM_3_3_u1z | EI f \

uz3: |c5M.HvBM_3_3_u23 ||I| _
; CSM.HVEM_3_3_U31 —_
o | | III — |eMntannwerAnaly5is
11 |C5M.HUBM_3_3_I1 | EI — —
12 |c5M.HvBM_3_3_|z | EI — @ star

L1 13 |c5M.HvBM_3_3_|3 ||I| = i) Delta

Parameter Qutput

Smooth: Period max. [ms]: 100.0 Irms min, [A]:

\I DreaKkoutr vroauare s s rrecrreTmmoron

CSM Xplained: Power and efficiency measurements @ e~
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3-phase power measurement (3¢p3L, 3V3A)

» with Y-A transformation

» Active power motor = sum of active powers of the individual motor windings
> P=P1+P2+P3

DC
I-’I
L2
L3
AC
Inverter

P o
& I,

HV Breakout Module 3.3

CSM Xplained: Power and efficiency measurements
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3-phase power measurement (3¢p3L, 3V3A)

» with Y-A transformation
» Active power motor = sum of active powers of the individual motor windings

> P=P1+P2+P3

DC
) @m
= $¢D
= 1,
AC
Inverter HV Breakout Module 3.3 Electric motor

CSM Xplained: Power and efficiency measurements
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Power calculation in the eMobilityAnalyzer

-

\

Inverter

Mame Comment Base data type
W 'E eMotorPowerfnalysis STRUCTI(Y2)
[#]* eMotorPowerAnalysisf  Frequency of current [Hz] DOUEBLE
[¥]h” eMotorPowerAnalysis.L... Effective power factor |P|/S DOUBLE
[¥]* eMotorPowerAnalysis.P  Total active power [W] DOUBLE
[#]” eMotorPowerAnalysis.P1  Active power of winding 1 (star/wye) or 1to ... DOUBLE
¥l eMotorPowerfnalysis.P2  Active power of winding 2 (star/wye) or 2 to ... DOUBLE
[#]” eMotorPowerfAnalysis.P3  Active power of winding 3 (star/wye) or 3to ... DOUBLE
[¥]” eMotorPowerfnalysis.Q  Total reactive power [var] DOUBLE
[¥]” eMotorPowerfnalysis.5  Total apparent power [VA] DOUELE
[#]” eMotorPowerAnalysis. W Total active work [KWh] DOUBLE
£ >
CIk, Cancel Help
4
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Star-Delta Transformation in eMobilityAnalyzer

JdEk eMotorYdelta_ Description
j General _ A H This function calculates the phase currents 112, 123, 131 and
54 Extended E-Motor Y-A-Transformation voltages U1, U2, U3 through the star-delta transformation. It
- uses the three phase voltages U12, U23, U31 and currents 11,
/ 12, 13.
Configuration
e |C5M.HVBM_3_3_U‘IZ | EI 4 N

u23: |C5M.H‘|.-"E~M_3_3_U23 ||Z|

U3t |c5M.Hv3M_3_3_u31 ||Z| |
. — |eMotor‘|’deIta_
1 |c5M.HvBM_3_3_|1 |E| | ‘ ;!E ;!: ;!{
L 2 |C5M.HUBM_3_3_I2 ||Z| —
1 : CSM.HVEM_3 313 -
s Eweas L] | )
L Cutput
2 |eMntnr‘|’deIta_.U_1 | |eMntnr‘f‘deIta_.U_3 | |eMntnr‘|’deIta_.I_23 |
|eMntur‘FdeIta_.U_2 | |eMntnr‘|"deIta_.I_1_?—_ | |eMntnr1rde|ta_.|_31 |
L3
[ o< ]| cancel || b Jﬂ
Inverter HV Breakout moaute 3.3 Erectricmotor

CSM Xplained: Power and efficiency measurements
2022-03-23 Slide 21 poweredby V ECTOR > www.csm.de

&S CSM


https://www.csm.de/en/

Efficiency measurement at the inverter

eMobilityAnalyzer

PC, measurement computer
XCPoE
Optional synchronisation via PTP
EtherCAT
DC 800V

DC [T o f7

HV Breakout Module 1.2 HV Breakout Module 3.3
CSM Xplained: Power and efficiency measurements @“
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eMobilityAnalyzer

Raw Data

E-Motor
Power Analysis

Calculation Processed Results

XCPoE

PC, measurement computer

Optional synchronisation via P1

EtherCAT

HV Breakout Module 1.2

DC 800V

DC

CSM Xplained: Power and efficiency measurements
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Calculation in the eMobilityAnalyzer

dEk InverterEfficency _
j General
& Extended

Description

Inverter Efficiency

Configuration

Uin:
lin:

U1z
U2

U31:

Parameter

|c5M.HuBM_u_Bat

|C5M.HVBM_I_Bat

|C5M.HVBM_3_3_U12

|c5M.HuBM_3_3_u23

|C5M.HUBM_3_3_U 31

|C5M.HVBM_3_3_I1

|C5M.HUBM_3_3_IF_'

|c5M.HvBM_3_3_|3

Integration Interval [ms]:

Frequency min.:

This function integrates the active power of three power line
AC inputs and one DC output. It also calculates theaoverall
efficiency of an inverter.

- |In1.rerterE1=fi ciency_.Pin |

| |Ir|1.rerterEFfi ciency_.Win |

| — |In1.rerterE1=fi ciency_.Pout |

L |In‘.rerterE1‘fi ciency_Wout |

- |In1.rerterE1=fi ciency_.eta |

| |Ir|1.rerterEFfi ciency_.etaW |

| |ImrerterE1‘fi ciency_.Pd |

|- |In1.rerterE1=fi ciency_wWd |

- |Ir|'u'erterE1=fi ciency_.f |

4 o,
— _ e :
— = AC |

< J

|Ir11.rerterE1‘ficien o_ |

Cydes min: msmin: 0]
Frequency max.: Sync Source: D

Gancel || b

4

arter

HV Breakout moaute 3.3
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Calculation of the overall efficiency

eMobilityAnalyzer

XCPoE

Optional synchronisation via PTP

EtherCAT ‘

DC

DC 800V

DC

AC

AC, 3p, 800V

CSM Xplained: Power and efficiency measurements
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Calculation of the overall efficiency

CAN

CNT MiniModul

CSM Xplained: Power and efficiency measurements <§ e~
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Calculation in the eMobilityAnalyzer
Overall efficiency

Pmech Mechanical shaft power on the electric motor

Efficiencyn = Py

Electrical power at inverter input

eMobilityAnalyzer

PC, measurement computer
XCPoE
Optional synchronisation via PTP
CAN
EtherCAT ¥ SR ey
‘ DC 800 V AC, 3p, 800 V | 0000 00

DC

AC

HV Breakout Module 1.2 HV Breakout Module 3.3 CNT MiniModul
CSM Xplained: Power and efficiency measurements @“
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Calculation in the eMobilityAnalyzer

Effici __ Ppmech __ Mechanical shaft power on the electric motor
fflCLency M= P a Electrical power at inverter input
b g Sh:'ziFtli‘ower_ Description

{, e Shaft Power I funcion lcuates the curent e pouer s

total work from start of the measurement.

Configuration

Torque M: |T1;1.HP_MSG{:.M |

IH [shaftPower_
Revalution n: |T‘IZ.HP_MSG{:.|-1 |

CAN
Parameter

Integration interval [ms]: | 100 | o \
OO0 OO
s <> cnTa ovo &3}

Cutput L

ShaftPower_P | |5haftPower_.W ]

Cancel Help
r

HV Breakout modaute 1.2 HV Breakout Mmodaute 3.3 CNT MiniModul

CSM Xplained: Power and efficiency measurements
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Calculation in the eMobilityAnalyzer
Overall efficiency

Pmech Mechanical shaft power on the electric motor

Efficiencyn = .,

Electrical power at inverter input

eMobilityAnalyzer

i DCAnalysis_ Description
_/:' General H This function analyses a DC- or AC-phase, It calculates the
0 Extended DC AnaIYSIS effective power, apparent power, total work and the total

charge for a predefined time interval.

Raw Data Calculation Processed Results

Configuration

PC, measurement computer
Valtage: |C5M.HVBM_U_Bat |

ot {\/\/‘\ |DCAnalysis_
Current: |C5M.HVBM_I_Bat |

Parameter
Integration interval [ms): |10‘3 |
Optional synchronisation via P] Output
|DCAnaIysis_.Udc | ‘DCAnalysis_.Umin ‘ |DCAnaI3rsis_.P |
|DCAnaIysis_.Idc | |DCAnaIysis_.Imax | |DCAnaI3rsis_.5 |
EtherCAT
|DCAnaIysis_.Urms | |DCAnaIysis_.Imir1 | |DCAnaI3rsis_.W |
el ’3 S LI a D C |DCAnaIysis_.Irms | |DCAnaIysis_.Upp | |DCAnaI1rsis_.Ah |
e |
s -@ @ o"“ |DCAnaIysis_.Umax | ‘DCAnalysis_.lpp ‘
(o FW
DC| o7
A Cancel Help
HV Breakout Module 1.2 HV Breakout modaute 3.3 CNI MIniMoaut

CSM Xplained: Power and efficiency measurements
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Performance analysis

eMobilityAnalyzer

E-Motor
Power Analysis

Raw Data Calculation Processed Results

PC, measurement computer

XCPoE

Optional synchronisation via P1

EtherCAT

DC

HV Breakout Module 1.2

CSM Xplained: Power and efficiency measurements
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Online display in vMeasure exp

» Multiple visualization of different simultaneous eMobility analyses

e > W
o ] Live-Vie
s Me- Globaler | " Start Pause
Datei Messcursor & cheor
Messdatenarizaine Me: Datenerfassun t Acimiein
2 X | 1:eMobility Analyzer
2 9| A [1]E-Motor Voltage and Current
= Name >
xplorer [ Suchergebnis £ Spannung_00448_L1_L2
Name/Typ E Spannung_00448_L2 |
> |24 Signale Spannung_00448_L3

2 Signalquellen
&8 Messaufbau
~ (74 Funktionsdefinitionen
v (7 Bibliothek-Funktionen
£ Base Mathematics
%4 Boolean Algebra
ility Analyzer
e AdePower

e Chargertfficiency
. DCAnalysis

. DCEfficiency

fu eMotorPowerAnalysis
i eMotorVdelta

e PWMPowerAnalysis 1=2m 0.314676s

. Ripple 5(1)ms/Div

- ShaftPower = noeQs J (8] Voltage
7 Fiter N 2
#3 Prototyp

#a Signal Analysis
Fa Signal Comparison
73 Signal Generator
7 Statistics
7 Projekt-Funktionen
% Rekorderliste

eMotorPowerAnaly
B eMotorPoweranalysis S I

t=2m 0.314676s

5(1)s/DW ~

1 Projeladateien = -
scription z

& Fenstervorlagen O Senpriat ~ [6]Ripple Analysis

- 8 X
-9

"

w

% [ [4]Star-Deita-Transformation

< >

"1 [3] Power Analyzer

ellotorPowerAnalysis P

ellotorPowerAnalysis Q

ellotorPowerAnalysis S

elMotorPoweranalysis Lambda

Geloschte Fenster E-Motor Power Analysis ':”;";"b:‘;g ‘;‘j:';:;;(":;::;’(‘;7:33*{‘5,';:‘; o Name value unit Comment Measurement cursor | Diffcursor
uses the 3 phase voltages and the 3 phase currents as input. M stom ) A 100 602869
1M Ripple_1.dc A 95.6187
Contisimtion 21 Ripple_1.max A 80.6749
uiz = ipple_1.min A -100.191
w2 1l Ripple_1.0p A 0-peak value [au) 105159
&= Ripple_1.rms A Root mean square value [a.u.) |95.6982
U3t

eMotorPowerAnalysis_T

Motortype
& O Sstar
@) Deita
Pacameter Output
v ] ] o Tl
| 172 W
* ) 7 o amoas

HV Breakout moaute 3.3

www.csm.de
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Vector CSM E-Mobility Basic Measurement System - Power Analysis
a

eMobility
Analyzer

vMeasure exp

XCP-Gateways

HV Breakout HV ECAT ECAT HV CAN CAN
Modules Modules Modules Modules Modules

Voltage, current, acceleration, strain, vibration, temperature, flow, humidity, pressure, torque, speed, frequency, and much more.

E-Mobility Basic Measurement System

CSM Xplained: Power and efficiency measurements <§ e~
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Vector CSM E-Mobility

Measurement System

The Vector CSM E-Mobility Measurement System on www.csm.de

Data Analysis and Measurement Data Management

[ vSignalyzer ] [ vMDM ]
4 N\ N
eMobility vMeasure log eMobility UniCAN 3
vMeasure exp VP Family Analyzer Data Logger
\_ J J
s N s N\
XCP-Gateways [ VN Family ] VX Family
. J \_ J
g A , PO \
D
HV Breakout HV ECAT ECAT HV CAN CAN § )
Modules Modules Modules Modules Modules
\_ _J
Temperature, voltage, current, acceleration, strain, vibration, flow, moisture, pressure, CAN, CAN FD, LIN, ~ ECU CAN, CAN FD,
torque, speed, frequency, and much more. FlexRay, Ethernet Ethernet
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Features and benefits of the Measurement System
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The E-Mobility Measurement System is constantly being expanded with customer applications.

You will receive new analysis tools free of charge with each Vector software release.

New measurement modules from CSM open up applications for all areas of electromobility.
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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.
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CSM GmbH (Germany, International) CSM Products, Inc. USA (USA, Canada, Mexico)

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

www.csm.de/webseminars
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