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Focus:

» Automotive Battery Testing ( functional and safety )
» Electric Vehicles Powertrain Components Testing ;

> Inverter for Energy Storage Systems Testing ;
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Battery Life Cycle Prediction Challenge -

UsSABC FUDS TEST CYCLE

Drive Cycles Simulations or Real Drive Cycles Test have shown to be a N — ;egen Power
more accurate and more reliable method for life cycle prediction than ™
Standard Constant Current ( CC) Constant Power (CP) cycling Tests. ¢ ||| . | 1. Hl 1
It is fundamental for Carmakers or Cells Manufacturers to have the : N
Capability to repeat In the Laboratory the real stress conditions of a ol Fast Current Dynamic
Battery Pack with Drive Cycle Simulation . 00 . I . &
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Accurate Measurement of rTop—
c o u I o m b i c Effi c i e n cy NH Conference Cantre Kaningshal '”."
The accurate measurement of Li CE is a critical factor The Area on the Top Side
to predict the cycle life of Li metal batteries. Is my error in the Capacity
¢+ Calculation ( repeated for all the Cycles )
Measurement of CE is affected by various factors . /
one of them is the accuracy of the Measurement It || 7ys ,” Samplingrate: 20us
Battery Testers . ' /
PR T
71 ¢t e
SOC, (1) = SOC, (0) t — jol(t)dt}l
QT el
4
Data acquisition rate: 10ms
10ms
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Electrical Safety for ESS —T

The topic of Safety has a Top Priority in ESS system where Batteries Are used either for stationary
( Energy Storage Systems in Your home ) as well as for Mobile applications ( or Your car)

Why Lithium Cells fail or explode after passing the Insulation Test ?

» cells catch fire or explode during charging processes in production line, but the insulation test
can not detect the defects in the insulator ;
» There are still cases that the cells explode during normal operation after the LIB are shipped

to the customers ;
Internal Short Circuit between ANODE and CATODE material is

— the major cause of fire and explosion ;
- camm— Anode Material keeps Inflating during CHG/DCHG

N
* Process and the rise in temp will cause fire ;

2/9/2019 6
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Flashover Detection During Hi-Pot

It is not enough to just measure the leakage current in the test.
Flashover detection is a must for this issue, for the entire testing
duration is closely monitored for flashover detection.

VA Charge - Dwell - Test VA Charge - Dwell - Test
CcC
< < > Ccv Ccv
‘\ Discharge Discharge
NG!
> =
Time Time
i\ A
Charge current
B
< \ "
= — > A %
4P Time —=
/P Time
LC Measuring

LC Measuring

Flashover detection is a must for the entire testing duration

2/9/2019 7



EV Powertrain Environment Complexity

Test systems
must Precisely
emulate reality!
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.. Test System -
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Test System === -

Hybrid Control Unit/ [==F
DC-DC Converter ATS |~ 4
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EV Testing can support Electrification

Challenges and the Goal is to achieve Zero-Emission Mobility
To reach a zero-emission mobility goal , the electrification of vehicle powertrains is
necessary. This fact leads to new challenges for car makers and suppliers:

»To make powertrain components more efficient to extend the range & reduce
the charging time;

» To introduce compact and lightweight high-power electronics without
compromising passenger safety ;

» To fit new technologies ( New Semiconductors GaN) for e-Drive applications to
extend functionality and maximize the performance;

» To ensure safe operation in every environmental conditions for each component
of the EV Powertrain ;
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OBC in the EV Powertrain 2febrer 209 g
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OBC and DC-DC Converters High Power Density B RbraaaES

On board Charger - OBC  power Rating: 3.3kW~6.6kW up to 21kW
- Change AC power to DC power to recharge the EV's battery pack.

i,

e e i

DC/DC Converter - LDC  Power Rating: 1.6kW ~ 3.8kW

- That converts voltage from high-voltage batteries to low-voltage batteries (12V typical),
recharging the batteries and supplying power to electric components as lights, audio,
wipers, power windows and ECUs.

THGRI1000-14
2/9/2019
The rights of above referenced trademarks belonqg to each reqgistered company.

NH Corference Cantre Koningshof “\H

Testing Challenges

Higher Power Density;

Higher Switching Frequency

Hardware Safety Protection

11
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On-Board Charger ATS Test Bench Aol
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3. Battery Simulation

1. AC Input Simulation . P———— - —
Connecting | Scope :
Interface - :
[wmmm - :
|

|

|

|

|

|

|

|

|

|

Function generator & S b ‘ -
1/0 card ~ E QJ / card DC source

2. Control Pilot Simulation 4. CAN Simulation 12
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Key areas to be tested e

AC/DC Power Conversion -> Power Module ;

Communication with EVSE ( PLC or CAN ) -> Control Pilot Signal and CAN emulation ;

Vehicle Plug Control ( Proxy, Lock , Pilot Signal ) -> Proximity Sensors;

Communication within the ECU ( CAN, LIN, Ethernet ) -> Communication ;

EVSE EV

Charging Interface Management ( LEDs, Pumps , Relays) -> 1/0 ;

AC and DC Charge Management -> Software/Firmware ;

Water Cooling System -> Temperature Sensors / Power Derating ;
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HIL OBC Test Bench Configuration 12 februari 2019
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Power Analyzer

"

Actuators

i

LVvDC ElectE'nic Load

Chiller When OBC and DC/DC
HIL Simluator Are packaged together for space

And costs reasons
2/9/2019 14
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HIL OBC Test Advantages

Deterministic Execution :
we will always have the same output from the same starting conditions;

Automation of the Process :
Using Scripts numerous tests can be easily developed .This Process can be fully automated using
recursive methodology ;

Test Execution without Human Presence :
Test can run 24hrs without human presence ,improving ECU software quality and saving time ;

Perform Regulation, safety and Failure Tests without risk :
With HIL simulation, all tests can be performed without risk for the UUT or for the People
during all stages of the Design ;

Reduce the Time To Market for Our customers :
With HIL Simulation errors can be found at early stage of the development and corrected ; HIL is therefore an effective
technique to reduce commissioning :

* Reduce Working Time for Testing :
HIL simulation usually requires more time at the beginning, but at the End can reduce your total time for
testing ;
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DC-DC ATS architecture EVENT
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Mono & Bi-Directional DC/DC Converter (12V-14V) Test : 1.6kW - 3.8kW. i Conerzoce canrs kaningeat \3
* Consumption in Sleep Mode Must be limited to 100uA ;

=) .

Determining the Power Consumption at different
operating conditions is a challenge , together with
validating the functional Specs and Safety Requirements

l
l
DC Power Supply HV OP Range : :

= - [
+375V,550V e mm - o i PowerDCload |
—( I ‘Connecting Interface I I
| _a LV range : : -—! I
| N +10.8V-14.5V | !
Relay . I
I = l

- |
" . e |
R '4'-——'§ ————— - ! [
EmEEE - } | DC source !
-lIllll - I - ol = BT :
iAW L 1 k :: .1 A 4d : a " - |
Battery Emulator ,Power meter:, Digital .

T I Oscilloscope

2/9/2019 Pre-charge Ramp Requirements : 2mF in 200mesc ; iy



DC/DC Converter Real
Dimensions

 gallium nitride (GaN), offer better thermal
conductivity, higher switching Frequency and
physically smaller devices than silicon ;

e Carmakers have been more demanding
in testing to validate their new designs ;

* Physical Dimensions : 70 mm x 182 mm x 270 mm
( 3 Liter)

2/9/2019

1 x 182 mm x 270 mm

17
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Battery Charger Functional and Safety Requirements = e 27

No Name Regulations
1 |CAN Bus Read/Write _ Charger QC/T 8956.1.6; Industrial
requirement
2 |CHARGER LINE REGULATION TEST QC/T 895 6.3.1, 6.3.2
3 [CHARGER STATIC TEST QC/T 895 6.4.1
_4I_CHARGER OVER LOAD PROTECTION TEST QC/T 8956.4.2.2
5| CHARGE OUTPUT UVP/ OVP (CV MODE) TEST QC/T 8956.4.3.1,6.4.3.2 |
6 [CHARGE INPUT UVP/ OVP TEST QC/T 8956.4.3.1,6.4.3.2

G CIRCU TECTION TEST

Wﬁ&_______

N2

8 |CHARGE START UP & INRUSH CURRENT TEST QC/T 895 6.5.1
9 |CHARGE OUTPUT VOLTAGE ACCURACY TEST QC/T 895 6.5.2
10 |[CHARGE OUTPUT CURRENT ACCURACY TEST QC/T 895 6.5.3
11 |CHARGER RIPPLE & NOISE TEST QC/T 8956.5.4
12 |CHARGER INPUT OUTPUT TEST QC/T 895 6.5.5
13 |CHARGER CURSOR MEASURE TIME QC/T 895 6.5.6
14 |CHARGE CURRENT HARMONICS TEST QC/T 8956.7.3
15 |CHARGER HOLD ON ADJUST TEST Industrial requirement
16 |CHARGER PEAK CURRENT TEST Industrial requirement
17 Industrial requirement

CHARGER WAVEFORM MEASURE TEST

2010
ZOUT

NH Conference Cantre Koningshof %,

With HIL testing , these
Tests could be performed

In HIL environment without
High Voltage instruments

18
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Electric Vehicles Supply Equipment 12 februari 2015
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» AC & DC EVSE Functional testing
» AC & DCEV Charging For Interoperability Validation

SAE J1772 Has three Level of Interoperability Testing

Tier 1

* Mechanical Interoperability
e Charge Functionality

e Safety Feature Functionality
Tier 2

* Indefinite Grid Events

* Dynamic Grid Events

Tier 3 (Not all EVSE are capable)
e Ampacity Control

e Scheduled Charge

e Staggered Scheduled Charge
e Charge Interrupt/Resume

2/9/2019

19



ENERGY STORAGE

EVENT
EVSE leferent Charglng MethOds 12 februari 2019
HH Corferencs Cantre Koningshol
EVSE : Electric Vehicle Supply Equipment (SAE J1772)
Charge Nominal Max Cont. Duration Locations
Methods Supply Voltage current Of Charge Of EVSE
AC Level 1 120V AC , 1-phase 16A 8Hrs Home , Wall Charger
AC Level 2 208 to 240V AC ,
feeeeeeo___Mphase __________ <80A ! adbrs Public Places _ ___ _
s T oy
DC Level 3 480V AC , 3-phase >200A ! §Omins} Transit Corridors
SAE J1772 AC Level 1 SAE J1772 AC Level 2
= |[EC 61851-1 Mode 2 = |[EC 61851-1 Mode 3= IEC62196 Type 1

Vehicle coupler

S For Level 3 Charging in DC, also Called Fast
o Charging, there is no standardized protocol yet .
1-Combined Charging System (CCS) ,
2- CHAdeMO System ;
3- Tesla SuperCharger ;

Vehicle coupler
(SAE J1772)

& \
.
[

EVSE
(Safety device)

2/9/2019 i 20
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RLC Load

5 ¥ EV AC/DC
Regen Grid Charging Station
Simulator

Emulator
2/9/2019 )



DC EVSE with Control Unit 12 ebrueri 2019
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EV SE Side EV Testing

DC EVSE Control
Unit
i} Battery Slmulator

o s

_\ ; DC Load

> I
I
Grid Simulator I \Ej",:; IPC
I [LIE
I
I

Different DC Control Unit . CANBox For ChaDemo OR
ChaDemo, CSS or GB s PWM Emulator for PLC
Communication

2/9/2019 22
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AC EVSE with AC Emulator 12 februari 2019

NH Conference Cenre Konigshat

Designed to Emulate the PWM Control Signal
And mechanical Interface for Different AC EV SE

————————————— I

AC Source : : : |
! ' | pmssss |
| | /. SI¥ ACload!
| AC EVSE ! —| Lo
| |

: """"""" ! |

I . B :‘_:__: I

1 | ES Scope pc |

| - - |

- o I

: \lsfr-.:...l i " fJ I

| |

| |

| |

| |

| |

| |

2/9/2019 23



Breakout Fixture for EVSE

Supply/Grid

2/9/2019

/ Pilot

T Proximity

I Lil"IE 2

k Ground

Breakout Fixture

( A

/

Data Acquisition

e
AR
i i 1]
i

Measurement Devices
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Battery Simulator

24
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Purpose of the Control Box B b 205 S

TROL UNIT

17040 Battery
Simulator

S, Control Pilot
Simulation

SOFTWARE

—

:

T —

——

—

i

CAN Box

25
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Typical Charging cycle = Signal Pilot . HHC::-nTm!'-::ar..‘&rm-aH-:-ruhgtsmf-~..

-
e
]
<

Vehide S2 or t

AC cumant drawn

A
e pu——

¥
L N NN

1
1
.
1
1
1
1
Modulate the PWM
I
1
1

Status A : c Status 3 : g Energy Transfer
Not Connected Connected an ( There is a delay from where To Control
Ready :
We start the PWM and start Current

Drawing current )
2/9/2019 26



Standard Items : SAE & GB

Control Pilot Signal Test

Change the Pilot Signal to different states

ENERGY STORAGE
EVENT

12 februari 2019
NH Conference Canire Konngsho! \.\H

Control Pilot Abnormal Test

Change the Pilot Signal and Check the EVSE response

Current Capacity Test

The EVSE communicates the maximum available continuous current
capacity to the EV/PHEV by modulating the pilot duty cycle

Coupler Disconnection Test

Using scope to measure the delay time from disconnect until the
contactor opens and terminates AC energy transfer.

AC Energy Transfer Test

Using scope to measure the delay time until contactor closes/open and
initiates AC energy transfer in response to S2 closed/opened

Harmonic Distortion Immunity Test

Introducing Harmonic Distortion at EVSE Input and Analyzing
the AC output Harmonics ;

Voltage Interruption & Variation Test

Introducing AC Input Voltage Surge and Sags and Variations
and see the AC Output voltage quality

EVSE Invalid Test

measure the delay time from EVSE setting invalid pilot (simulate
utility power not available) until termination AC energy transfer

Protection Tests

Short Circuit Test , Overload Conditions Tests

2/9/2019
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Control Pilot Signal Test : State B bt
EV Supply Equipment EV BOX Emulator
| .
EV Supply Equpment l &;d’ Inkertnce
| Sasay Coane
| :
0 N $2 Open
|
|
|
|
A
1. T
—  Ground L _I, --------- ._,.f'

2. State B= S2 is open, R1 series R|3 = 1kohm series 2.74kohm
+12V -> +9V* -12V, 1khz PWM
-> Vehicle connected / NOT ready to accept energy
Spec. : Min. 8.36V / Max. 9.56V

* 12V-(11.3V/(1000+27400hm)*10000hm)
= 12V-3V = 9V 2




ENERGY STORAGE
EVENT :

12 februari 2019

| m - :
co ntro' P I IOt s I g nal TeSt NH Canference Canire Konngshot i:\"'-.

TABLE 5—EV CONTROL PILOT CIRCUIT PARAMETERS (SEE FIGURE 7)

Barameter ! Symbol Units Nominal value Maximum value Minimum value

Equivalent load HZB hms
resistance - State B

Equivalent load R2C Chms @ e 2) anperp~ghicle State Designation  Voltage (vdc Nominal) Description of Vehicle State
resistance - State €1 \\ Stal 120" Vehicle not connected

26587 TABLE 3- DEFINITION OF VEHICLE STATES

Equivalent load RZD Chms @ Ei2) 2338 s (‘m Vehicle connected [ not ready to accept enengy
resistance - State D41 State C (60 Vehicle connected / ready to accept energy / indoor
Total equivalent capacitance C2 picofarads na. 2400 .. \ charging area verdiaton not reqied
R 5 Vi Valls 0.70 085 055 State D Vehicle connected | ready to accept energy / indoor

Equivalent diode valtage drog charging area veniilation required

Stale E 0 EVSE disconnected, utility power not available, or

other EVSE problem
State F -120" EVSE not available, or other EVSE problem
1. Static voliage

2. Positive partin of 1 KHz square wave, measured afler iransition has fully seltled
3. From & transition from State A io $tate B begins 85 a staiic D wakage which iransitions i P4 upon e EVSE detection of vehicks
cannacied | nol ready 1o aooapl enaigy

State B=12V-(11.3V/(1000+27400hm)*10000hm)
= 12V-3V = 9V -> Vehicle Connected , Ready To accept Energy ;
State C=12V-(11.3V/(1000+8820hm)*10000hm)
= 12V-6V =6V -> Vehicle Connected , Ready to Accept Energy , No Ventilation Required ;
State D=12V-(11.3V/(1000+2460hm)*10000hm)
= 12V-9V =3V -> Vehicle Connected , Ready to Accept Energy , Ventilation Required

2/9/2019 29
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Energy Storage Hybrid Inverter Architecture EEEEIEERN

' IIIIIIIIIII | | -
. [ AC Line
| Main Controller
' [
I : : ) Bi-directional
T T 7 I Inverter
[ /)] DC / s oC /|
LT /| - /AC|
Solar Panels = PV Controller Or | }
| Booster . .
. DC I
DC “y
: . - - }
s = s = =g =t w2 = = - E EPS Out

Critical Loads

Bi-Directional
Battery Charger

lon Lithium
Battery Pack

2/9/2019 30
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Energy in excess Provided by PV and Not Used

How The System Works

Energy Storage in Batteries For Future
Usage

W
1600 1600
1400 140
L20x) 1200
1004 1000
| '
(1] Y Hot
) F' a4
600 1./ 600
40 400
¢ 0 200
000 W A oW PRI ¢4 00
B PV prodiction . L nergy comumption Dwn consplion Feed n B ¥V production rIy COMumplion W Conumplson Sorage

2/9/2019

Home Owner Consumption
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!

UuT

N4
F

LT

| / 3Ph Power Meter

/ \ I R5422/CAN ACElectronic ﬁﬁ:?%

Solar Aray
Smulator __I - L - BatteryPack Emulator Clee
- ~
“ - =TT N\ —
s=====| [ | | =
N ;/ Ethernet i —
~ | ———
— * —_—

[ .
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Simulate Different Solar Cell V-1 Characteristics

HH Corferencs Cantre Koningsho .\\'\

T J| DC Voltage Input

Solar Array Simulator

UUT (PV Inverter)

SAS Mode I-V Program Mode Table Mode
e . Point 12345 ] 6] 7| |128
mol .........;}?\ : -'__-'_E_:
A —— Voltage(V) 0 [30 |60 [90 [120 [150 |180 |.... | 60O
i —
_”f' Slusid nlwo|o|8|7|6|5]|.]|o0

= Built-In Mode with SANDIA’s SAS Model to simulate different Solar Cells V-I;
= |-V Program Mode: up to 100 |-V curves and dwells Intervals ;
= Table Mode : up to 4096 points array with user programmed Voltages and Currents ;

33



ENERGY STORAGE
EVENT

12 februari 2019

PV side Inverter Testing e

* Design and verify the maximum power tracking circuit and algorithm ;

* Verify the high/low limit of operating input voltage allowed ( for Different Countries) ;

* Verify the static maximum power point tracking efficiency of the PV inverter.

* Measure and verify the overall efficiency & conversion efficiency ;
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Compensation
|:|OE|||
: [IP——————— -
Tj | L1 oW =———| Unbalance Load per Phase
1 L2 SO0 W » | ===
To maximize auto-consumption E L3 500 W = =————
Inject 1kW into the grid e

\ _____ [ ACElectronic
14 1000 W,

Load

Every Year Different Rules and

Legislation entails Different Software

Reactive Power and Different testing Requirements

AN

2/9/2019 35
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Ji. B
Chroma
Thanks for your Kind attention

Contact Chroma or your local dealer for more information.

sales@chromaeu.com

2/9/2019 36



