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AC Charger, Onboard Charger and AC Motor

* The main components that run on AC power are:
- AC Charging Station or EVSE AC-AC, Onboard Charger and AC Motor
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EV Charging System
IEC and SAE standards

EV conductive charging are classified in levels or modes depending on the standards

Level 1 Mode 1 AC slow charge:
Standard AC output, 16A
Each EV typically comes with a 12A EVSE charger.
The slowest and least expensive, mainly for overnight domestic charging.

Level 2 Mode 2 AC moderate charge (7.4kW to 22kW):
Domestic or home charging station up to 32A
Mode 3 AC fast charge (7.4kW to 44kW):
Commercial or public charging station up to 80A.
Level 3 Mode 4 DC fast charge (50kW — 300kW):

Capable of charging a 24 kWh battery to 80% in roughly 30 minutes.
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EV Charging System

SAE standard

Level 1

Level 2

Level 3

AC wall

EVSE
AC-AC

EVSE
AC-DC

charger

T
1
A

AC 16A max

AC 32A/ 80A max

DC
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Onboard Charger

» Onboard charger is the built-in AC-to-DC
converters in an EV that convert AC power
from the grid to DC for charging the EV
battery.

 To reduce charging time, OBC power has
increased and evolved from 1-phase to 3- ’_f
phase, as according to the IEC61851 &
standard.

2 On-board |
Charger "[

BMS
Li-ion battery

AC Charging DC Fast Charging
3.7kW — 22kW ~270kW

« OBC usually has an output in the range of
between 3.7 kW and 22 kW.




EV Charging Time

* EV charging time is determined by:

Battery capacity (kWh)

Charging time (h) =
arging time (h) Charging Power (KW)

» Estimated charging time using different charging station
for an EV with 24dkWh battery, and 6.6kW OBC

 Home charging station of 3.7kW = 6h30m  (24kWh/3.7kW)
* AC charging station of 11kW = 3h40m  (24kWh/6.6kW)
» DC fast charging station of 50kW = 30m (24kWh/50kWh)




AC Motors In Electric Vehicles

* AC motor in EV:
— Typically 3-phase,
— Running at 240V,
— Covering 20kW — 30kW range.

» 3-phase AC motor is commonly used in EV because of:
— Higher efficiency

— Less maintenance
— Wider range and is readily available

— Regenerative capability: can work in reverse and return the
braking energy to the battery
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AC Test Challenges _

'KEYSIGHT IntegraVision Powar Analyrer PAIZNA 7 Channel, T Fhase

As EV charging are connected to the grid, | m 120

K0

power can be noisy, unstable and
unpredictable.

 Typical power quality disturbances are:

— Voltage deviations
— Frequency deviations

— Phase imbalance

— DC superimposed with AC signal
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AC Sources in an Automotive Ecosystem

Use an AC source to: AC source challenges:

« Simulate voltage and frequency » Performance & Accuracy.
disturbances « Built-in simulation and sequencer

« Simulate phase imbalance features

* DC superimposed with AC signal « Execute quick power disturbances
. from the front panel.

« Write code to develop tests.

* Not having 1-phase and 3-phase
configurations

 No DC output capabilities.




EV Charging System Testing Using 3-Phase AC Sources

AC 16A max

AC wall charger

EVSE ? AC 32A/ 80A max | ‘[Ij
AC-AC !
¥
EVSE
AC-DC !




Onboard Charger Testing Using 3-Phase AC Sources

AC

ACB900 3-phase On-Board EV battery
AC source Charger (OBC)




AC Motor No Load Test Using 3-Phase AC Sources

The no load test

Apply different voltages, below
and above the value of normal

voltage.

Measure power input via two

wattmeters, W, and W.,.

Use voltmeter and ammeter to

measure voltage and current.

W, W, I, & C
O A, Pk an Motor on Ay
5 W (V) MNo-load W,
E i - - { —
= ¥ o | "
e ¢ .-!_0., - --..._JI.F . T
b g W, . |8 Stator
o ) ¥ g C N - " :F_ Cu Lioss
A N=N_ e e O — o — = — —r=Normul
g B !]'?d_____-' Voltave
] - »
Violuage
D heet for thr hase irrel-Cage-Motors
Ordering data: 1LE1001-1AA42-2AA4
Client order no.: Item no.:
Order no.: Consignment no.:
Offer no.: Project:
Remarks:
u ALY f P P I n M MOM. EFF at ... load [%:] | Power factor at ... load LA, | MM, | MJM, | IECL
™ Mz | pw) | el | [min] | [Nm] 44 | s | e | wa | a4 | 2a | W, | T | T,
230 | & | 50 | 3.00 . 10,61 | 2005 10 | 846 | 846 | 836|084 080 | 071 | 70 | 23 | 33 | IE2
400 | Y | 50 | 3.00 - 6,10 | 2305 10 | 846 | 846 | 836 | 084 | 080 | 071 | 70 | 23 | 33 | IE2
460 | Y | 80 | 345 R 580 | 3505 9 875 | 875 | 865 | 085 | 081 | 073 | 73 | 22 | 33 | IE2
{A) IM 33 Fs100L 21 kg IPSS IEC/EN 60034 |EC, DI, IS0, EN
Mechanical data ‘ ‘ Terminal box

Sound pressure level 50 Hz/60Hz (no load)

67,00 dB (A) | 71,00dB (4) Terminal box position
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Simulate Voltage And Frequency Deviations

» Use built-in sequencer to create voltage or frequency steps,
easily generate voltage and frequency transients to simulate
complex power conditions.

DEFALLT

Advance Functions\Sequence

Outp Stat  Trig
Step  Freq ACV DCV Time On Out In Out
001 |/ 50.00| 1}/ 120.0| /T 0.0/ T7/00:00f/01!,0000
002 | 60.00| /11| 120.0/ T 0.0/ LT |/00}:00f05//0000
003 | 70.00| /1| 120.0| /T 0.0/ T7//00:100f/10., 0000
004 |/ 80.00| /1| 120.0| /I 0.0/ 1T7//00::100f05!, 0000
005 |/90.00 71}/ 120.0| /T 0.0/ 1T7//00:100f/01/,0000
006 | 100.0| 1}/ 120.0/| /I 0.0/ 1T7//00::100f05!, 0000
007 |/ 80.00| 1]}/ 150.0| [/ 0.0/ 1T7//00:00f/10., 0000
008 | 60.00| 1}/ 180.0// 0.0||1T7//005: 00f/05!| 0000
009 | 40.00/ T}/ 230.0| ./ 0.0/ T7/00:00f/01!,0000
010 |/ 50.00/ LT/ |{120.0| | I 0.0/ T7//00:/00f/00.,0100

RIKIKKIRIKNKIKIRIK
KIRINRIRINRKKIRK

Add Delete Clear All $Pmper1ies Run SEQ 4 Back
Slep2
Slep "
StepD o l l Lﬂl “ |‘ | ‘ || || | ‘|
VOLT level - NIRRT 'n‘||| l| HlH [||| “ M
A
"|'||\|| | \‘”' ‘ | i
| | | i
VUV kF|..|||||\|\|\||| || | | IV
1 || Iy H‘ ‘ .
l List
TR oo t ‘ L' |||‘ ||L- = complete

FREQ TRIG
FREQ %'ﬂ"“ "I‘u fl“”‘ ‘IIHH‘ ‘/‘- ‘I\' ‘”\ "Ii‘ll“'w‘”"“l"\ﬂ"\\“w "
'l‘l“\l‘lwl".‘\‘ yaEa Ml‘\l"“‘.‘ JI|‘| f‘f"\‘lu
AR SVRVRYARARRIRA
] U Uy v Jl U V v [} LI V V \-/I I‘.a‘ v I vy
=< vidth
Trigger

bfi



Simulate and Measure Phases Imbalances

* The phase angle in a 3-phase system is always ‘ |
120 degrees for a symmetric balanced system. = - M

| Set Voc

degao

* In a real-life power supplied from the grid, an
imbalance condition may occur.

* The phase angle of an 3-phase AC source output
can be configured to a different degrees to easily
simulate this imbalance condition.

* A power analyzer with a phasor graph can be used

to capture the phasor window of the imbalance
condition.

|ceeriomes

B —— ]

220.0] Vac
Set [ 0.0] Vi




AC Source Capabilities
DC + AC

Produce DC power or DC + AC waveforms

Some basic AC power supplies do not have DC
capability.

AC power supply with built-in DC capability can 2

be used as a DC source. v

High performance AC power supply can
produce DC power at the same maximum
power rating.

Useful for testing automotive loads that are not
pure resistive and also immunity tests that
involve both AC and DC.

1V AC (peak) + 2V DC offset

1V AC (peak) ... with no DC offset

Time




Demo -1S016750-2:2012, section 4.4

Superimposed alternating voltage Table 3 — Test values

Test voltage L' (see Figure 2) 1EVhL}q-12Vsystems
’ 32V ior Uy, = 24 V systems
* Test conditions: ac. voltage (sinusoidal) Severtty 1 Upp = 1V
Severity 2 Upp =4V
- 1-phase Internal resistance of power supply = 100 mL2
— 24V dc superimposed AC 4Vpp Froquency range (see Figwre 3) R
Type of frequency sweep (see Figure 3) Trianguiar, Nrear
— Frequency sweep from 50Hz to 5000Hz Sweep duration (see Figure 3) 120
. . Number of 5
— Sweep time = 2 minutes — '
b |
Advance Functions\Sequence |
001 |[(5000]11) 1.4]00 [ 240|000 |oo=00:00.0100)| &1 | &2 | 1| T Vg -
002 60008 7| 1.4/ T | 24.0| T [00-02-00 0000 ¥ | - | [\ ﬂ ﬂ ”M" ” ” ” f i
003 (500071 1.4/ 240/ |00:02-00.0000]| & | &~ | U U U uuUUUU U U \ &
Add Delete Clear All Properties Run SEQ Back '
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Agenda

Onboard Charger Testing

OBC Charger Testing
AC test challenges
3-Phase Motor Testing

Battery Testing

Power Consumption Analysis
Battery Modeling/Emulation
Battery Charging/Discharging/Cycling

DC-DC Converter Test

Common Tests for DC-DC Converters
Tests for Automotive Power Converters




Battery Testing

* How to perform current drain analysis on batteries & EVs

* How to accurately generate a battery model

* How to accurately emulate a battery

« How to validate battery capacity / cycling / capacity loss




Power And Current Drain Measurement Challenges

I

—

Wide dynamic range & current resolution

DC measurement accuracy

R

wn\mf&im

Measurement sensitivity and noise

[/ |

Bandwidth

Measure AC variations on top of DC rails

High speed digitizing & datalogging for high voltages and currents

PowerElectronies & Energy Storage
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Current Drain Analysis With A DC Power Analyzer With Power & Control
Analysis Application

Current Drain analysis System Set Up

12500V 400.00A 4
fcv lo BEEN - ool | ] ]

' Power Analyzer E-Vehicle
Controlling Software

FOWErEIBCIFaRICS S E nergy Storage event
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Battery Model / Profile
What is a battery Model?

A battery model / profile is the electrical representation of a battery characteristics

R;(T) _SoC(%) _Voc(V) Ri(ohm)
100.00 4.18 0.086

V 99.50 4.14 0.086

L 99.00 4.12 0.086

98.50 4.11 0.085

98.00 4.10 0.085

97.50 4.09 0.085

97.00 4.08 0.085

VocI(Tél— o

Voo, Ri vs SoC

45 1

AV AT AT
wial | W

- 0050

- 0085

Ri [ohm]

- 0080

- 0075

100 B B 40
State of Charge [%]

POWEEBEIFORIESESE nergy Storage event
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Battery Modeling/Profiling — Capacity Validation
Battery Profiling Test Set Up

12.500V  400.00A “
CErY - ETTEEE

DC Power Analyzer E-Vehicle battery
Controlling Software 384V 180Ah 69.12kW




Battery Emulation - Validating Battery Lifetime

Battery emulation Test System Set Up

12500V 400.00A “
CEC  ICEITEEE

DC Power Analyzer E-Vehicle
Battery Test and Emulation
Controlling Software

FOWErEIBCIFaRICS S E nergy Storage event
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How Does a Battery Emulator Work? Voc, VL, Ri vs SoC

1. Load a battery profile into the battery emulator
Voc, Ri vs State of Charge

- 0.090

chm]

ance [

2. User specifies Initial State of Charge (SoC = 90%)
Cut_off Voltage (example 3V)

Resist

3. Battery Emulator measures device charge
consumption

100

4. Based on measured discharge the Battery Emulator
modifies its output (Voltage and Resistance) to follow
the loaded battery profile

. Battery Emulator stops when V|, =V o




Why Use A Battery Emulator vs A Battery?

Woc, Ri vs SoC
Benefits:
40_\ - 0.090
; 35 A - 0.085 E’
« Creates a safer test environment 8 >'< =
- - 0.080
- Provides more repeatable results . " VS
100 &0 60 40 20 0
State of Charge [%]
g T
« State-of-charge programmed instantaneously E E i
* Reduces test setup time | i . N
Emulator Battery

FOWerEBCIraRICSNESE nergy Stora

onics Bt bfl
aca||
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Battery Cycling

[} Battery Emulator

VIand Capacity Graph

Ss6umss

C (Ah)
1.79

1.46
112
0.78
0.45
0.11
-0.23
-0.56

-0.90
01 d.02 01d.03 01 d.04 01 d.05 01d.10 01d.11 01d.12

Current Unit: AMP C-Rate Cycle Line Current Graph Voltage Graph Capacity Graph Q @\ @\ EE B m :1

Battery Cycle

Step Operation Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
i Charge 455 2.026Ah 2.027Ah 2.022Ah 2.018Ah
charg 521 02:07:38.973  02:06:59.617  02:07:03.805  02:07 327
2 Rest 585.000nAh 4
. 00:05:00.007
3 Discharge 2.025Ah
4

3 05:03:48.540
Rest 114.243pAh 624
- 00:05:00.007  00:05:00.003 :00.1 00:05:00.001  00:05:00.005

1-40f4

Run Status: A- N6705C Stopped B- No Instrument C- No Instrument D- No Instrument

° Start ° Start Al Copyright © Keysight BenchVue Advanced Battery Test and Emulation

« Combines power supply, e-load, datalogger and arbitrary waveform generator in a single instrument
« Combine several charging discharging steps to create complex charging discharging cycling profiles

» Create complex cycling steps and validate your battery aging without writing a single line of code




Agenda

Onboard Charger Testing

OBC Charger Testing
AC test challenges
3-Phase Motor Testing

Battery Testing

Power Consumption Analysis
Battery Modeling/Emulation
Battery Charging/Discharging/Cycling

DC-DC Converter Test

Common Tests for DC-DC Converters
Tests for Automotive Power Converters




Challenges In Automotive Power Converter Design Validation

l Ch | =
R Power Source & Loading
-—— - )
¥
) omoara !
(02?12?;;? i 40.000V  250.00A
T e Traction Drive (Motor) \ el e J “ L]
: K M;;tor/Genérator V 60 - 160 kWI*
bt HY 1 280vDCto
2.l — Traction —— erion | 800 vDC+
| u&: — Inverter 2
[y
I s ! === BMS
[ Regenerative Braking -
N/ (Generator) DC/DC —/ || Charge
Converter — 11 12V Battery .
<akw : Regenerative Power System
Low Voltage Bus (>60V)
= High Voltage Bus (<60V) * Match converter requirements

Plug-in Hybrid EV or Battery EV . .
« Bandwidth and programming speed

« Large number of tests * Meet test accuracy needs
- Hight test capacity / throughput » Easy to integrate & generate waveforms
» Safety During Test * Provide safety / protecting features

28 & Energy Storage e\

EFE‘O!CS :




Power Converter Design Validation Test Applications Using Bidirectional
Regenerative Power Analyzers

Bidirectional DC-DC Converter, High-Voltage DC to 12V DC bus (BEV or HEV) } Crarging 1

| stat ~.
| p— .
L :
B
* Use a 500V or a 950V Power System to (e il
perform the source/sink function of the EV Ve saty | £00V0C
| A
batte ry. : : Regenerative Braking —
G b

enerator) DC/OC | ™
Converter —

» Use a 20 V Power System to simulate the /

o
5
~
~
:..\
N A
20
i o o
N
g

/
: /
source/sink of the 12 V bus. 7

High Voitage High /

Battery Stimulator Voltage l,

DC/DC
RP7900 10kW Converter RP7900 5kW
500 V-40A or 20 V-400A
950-20A

POWEEBEIFORIESESE nergy Storage event
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Unidirectional AC-DC Converter, AC Grid to High Voltage Bus through
On-Board Charger (BEV or HEV)

AC Source High Voltage High Voltage
(AC Grid Simulator) DC Bus Battery Stimulator

On-Board
» Use a 500V or a 950V Power System to -\_> w7000 10k

\ 500 V-40 A or

perform the source/sink function of the EV . Se0 20

batte ry. | Charging N

| Station |""'§\

| Cnboard |

Charger
| e —

)

o
]
o

N e S -

Engine

o ————— = -




Example Tests for Automotive Power Converters Using Power Systems

» Simulate the battery with a high-voltage (500 V or 950 V) Power Supply / Analyzer.

» Load the converter output with a 20 V Power Analyzer acting as a programmable electronic
load with built-in voltage and current measurements.

12V DC
High Voltage or 48 V Battery/Loads
Battery Simulator Simulator
Converter
Under Test
RP7800 10kW RP7900 5kW
500 V-40 A or 20 V-400 A
950 V-20 A or

80 V-250 A




Common tests for DC/DC converters

 Validate that DC/DC converters operate within their specified limits
« DC/DC converters have a specified input/output voltage operating range

« Confirm the DC/DC converter works properly over the entire range of input voltages, they
are tested using an adjustable or programmable dc source to provide the input voltage.

A DC electronic load is used on the output of the DC/DC converter to set the output load
current and simulate the device that the DC/DC converter would power.

* Measure Input turn-on, input turn-off voltage levels and timing tests




Converter Input/Line Regulation — Output Stability Test

» Measure converter output voltage and
current as the input voltage is varied.

 Test output static limits and recovery
time after change of input.

DC - DC Converter @) |

High Voltage or 48 V
Battery Simulator

RP73900 10kW

500 V-40 A or

950 V-20 Aor
80 V-250 A

12V DC
Battery/Loads
Simulator

Converter

Under Test

RP7900 5kW
20 V-400 A




Converter Load Regulation

Measure the converter’s output voltage as the
converter’s output load current is changed.

DC - DC Converter G’) f

High Voltage or 48 V
Battery Simulator

RP73900 10kW

500 V-40 A or

950 V-20 A or
80 V-250 A

12V DC
Battery/Loads
Simulator

Converter

Under Test

RP7900 5kW
20 V-400 A

PoWwerElECtronIes & Energy Storage ey
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Converter Load Regulation — Stability for Transient Load Changes

Measure converter output voltage recovery time
with step change on output load current.

A
Load
7 » Time(ms)
1 Abrupt load change
VUU
Settling
band
- - Load effect
transient
recovery time
» Time(ms)

DC - DC Converter | U

Output

High Voltage or 48 V
Battery Simulator

RP7900 10kW

500 V-40 A or

950 V-20 A or
80 V-250 A

12V DC
Battery/Loads
Simulator

Converter

Under Test

RP7900 5kW
20 V-400 A

PoWwerElECtronIes & Energy Storage ey
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Converter Power Efficiency and Output Voltage Accuracy

* Measure converter output voltage and
current vs input voltage and current for a et AR
variety of load and environmental +
y . v 2 = DC - DC Converter G)f
conditions across the operating range of .
the converter.
» Measure output voltage vs specified
accuracy limits for various load and High Voltags or 48 V BateryLoads
Battery Simulator Simulator

environmental conditions.

Converter

Under Test
RP73900 10kW RP7900 5kW
500 V-40 A or 20 V-400 A
950 V-20 A or
80 V-250 A

PoWwerEleCtronIes & Energy Storage event
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Converter Transient Response

» Measure converter output voltage and/or current with the power analyzer built-in fast digitizer to verify
turn-on times, turn-off times, and output rise/fall times for a variety of load and environmental

conditions across the operating range of the converter.

Turn-on
: 12v DC
tl me High Voltage or 48 V Battery/Loads
V /\M Battery Simulator Simulator
vout t = Converter
B 8o r Under Test
Vin RP7900 10kW RP7900 5kW
Vout 500 V-40 A or 20 V-400 A
950 V-20 A or
80 V-250 A

POWEEBEIFORIESESE nergy Storage event
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Converter Protection Current Limit Verification

* Program the converter to specific output
current limits, then program the bidirectional Input Output
power source acting as an e-load to sink +
currents beyond the over-current protection i —- DC - DC Converter G,)le
s . Current
limits. o
Limit
12V DC
High Voltage or 48 V Battery/Loads
Battery Simulator Simulator
Converter
Under Test
RP7900 10kW RP7900 5kW
500 V-40 A or 20 V-400 A
950 V-20 A or
80 V-250 A

PoWwerElECtronIes & Energy Storage ey
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Converter Protection Voltage Limit Verification

* Program the converter to specific output
voltage limits, then program the power
analyzer acting as a voltage source to the
converter output to produce converter output
voltages beyond the over-voltage limits.

Input Output
i V
v S DC - DC Converter (V) JC
- Voltage
Limit
12V DC
High Voltage or 48 V Battery/loads

Simulator

Battery Simulator

Converter
Under Test
RP7300 10kW RP7900 5kW
500 V-40 A or 20 V-400 A
950 V-20 Aor
80 V-250 A

POWEEBEIFORIESESE nergy Storage event
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DC-to-DC Converter Ripple Rejection Measurements

Voltage
500V |
400V L
300V
200V
100V
o Time
12V DC
High Voltage or 48 VV Battery/Loads
Battery Simulator Simulator
Converter
Under Test
RP7900 10kW RP7900 5kW
500 V-40 A or 20 V-400 A
950 V-20 A or
80 V-250 A

Pawer E_I.g__f:tr;un'fc-g..&_-Energ'-,r Storage event
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DEMO

Power Analysis made easy with the Keysight IntegraVision PA2200 Series Power
| ——

Analyzer

A AETRIGNT Vi Prseer it SIS e e - e

Z .

Designed specifically for R&D engineers, this powerful tool revolutionizes the way you measure, analyze, and validate AC and DC
power consumption. With an impressive 0.05% basic accuracy and 16-bit resolution, you can now confidently evaluate power
conversion efficiency, operational response to stimuli, and essential AC power parameters like frequency, phase, and harmonics.

Join us for an exclusive demo session and see firsthand how the IntegraVision PA2200 Series Power Analyzer empowers you to
see it, measure it, and prove it
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acal™ KCEanoLoats

Authorized Premium Distributor

Email: sales-nl@acalbfi.nl

Phonenumber: +31 (0)40-2507451
Address: Luchthavenweg 53, 5657 EA Eindhoven (NL)

Website: acalbfi.com/nl

Power Electronics & Energy Storage event
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