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High Power EV Battery
Test Solution

Part 1. GK’s experiences working with
European automotive manufacturers

Part 2: PBT 1000 Series (ITS system)
hardware and feature introduction
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Your Partner for all aspects of power supply equipment - worldwide
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Power Supply Solutions
" ... wmade iw Gowmany & rustvia’

Factory Schongau Factory Inzing/Tirol
approx. 160 employees approx. 60 employees
milestones:
battery simulation
Foundation IGBT 10 ... 1000 V expansion
GK Inzing UPS 800 kw Greifenstralle
1970 1997 2013
1948 1969 1996 2007 2010
Foundation first mains backing expansion
GK Schongau first switch system with battery GK Schongau
mode units storage

Innovations, Awards, Prices

BEST OF
100 Innovative small firm sector Germany : Awarded companies with high economic, social,
Cachet Top 100 technological and environmental benefits:

Predicate BEST OF

Hessian State Price for intelligent Energy: Initiative small firm sector:
category Energy-IKT - SEM Smart Energy Award 2012 category Innovation award-IT — certificate Best of 2012




Actual Target Markets
s N N

Stationary power supply
for urban traffic and

railway lines j

Test- and Power stations and
- Simulation systems‘/‘ Power lines

7 s \ 7

Chemical Industry / _
Operation theaters oil and gas High power storage

A/I ' systems A/A
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References R&D sector
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EUROPA p ASIA
France Switzerland China
Equipment Scientifiques UPSMeier Power Systems AG Beijing Balfour Technology
RS Italy Bulgaria Hong kong
DELO Instruments srl Stratex Full Link Technology
Great Britain Bulgaria C ; Thailand
Dale Power Solutions Ltd. Valbis Trade Ltd. =i CBC International Co. Ltd.
Ireland & Great Britain Bulgaria Korea
ETPS Limited NRG Source Ltd. NeoScience
Netherlands Serbia Taiwan
e-Power Enelps d.o.o. Chen Tech Electric
Netherlands & Belgium & Luxembourg Czech Republic Indonesia
ar Benelux B.V. IBG Prahas.r.o. PT Guna Elektro
Singapure
Petracarbon
14. October 2016
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Partner companies

RUSSIA MIDDLE EAST

Russia
DISSOLT Iran
Pars Kavir Arvand Co. P.K.C.
Oman
Trade Links and Services Co. LLC.
Qatar
KEMCO Trading Company
Saudi Arabia
Core Team Global
United Arab Emirates
Power Economy Middle East Co. LLC.
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Certifications / Audits

TUV SUD : DIN EN 1SO 9001
TUV SUD : DIN EN ISO 14001
Deutsche Bahn : Q1-Supplier
L4 October 2016 SIEMENS : Outstanding Supplier "




Fair program for 2016

WGRLDFUTURE
SUMMIT

18-21 JANUARY 2016 22. - %4.06.2016
ABU DHABI NATIONAL EXHIBITION CENTRE Miinchen

Internationale Fachmesse
fur Verkehrstechnik

25.-29.04.2016 20.-23.09.2016
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High Power EV Battery
Test Solution

Part 1. GK’s experiences working with
European automotive manufacturer
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Products — DC-Source/ Sink - I-TS

Infeed Test System — power up to 1000 V/1000 A DC/AC

Inverter with wide input range for solar feeding

o Protection diode for safe sink operation

v

Inverter for fuell cell
» Protection diode for safe sink operation

DC-Source / sink as battery-tester
e Currentrise time < 1,5 ms (10 — 90 %)

« Output contactor for separation under load (optional)

* Current range switchable for smaller current range

(optional) DC-source / sink for battery simulation
* Increased accuracy up to 0,05 % with control software e Regulation time < 2 ms (0 — 100 % load change)
(BaSyTec) e Optional protection of the DUT via discharge
resistance

"

I-TS as ,, Battery Simulator*

Mode DC source and sink

Adaptation of the basic system

» Filter (increase in the capacity to stabilize the output voltage
and reduction of the "ripple"

« Control ("U" voltage control)

«  Stop function (safety controller opens the output contactors
after a period of 5 sec)

L1 L2 L3

14. October 2016 Chentech Forum - Michael Reith 14



DC-Source / Sink for
Battery Simulation

= To Test Electric Driven Accessories in
Agriculture Technology

Darkking3 CC-BY-SA-3.0 (http://creativecommons.org/licenses/by-sa/3.0/)], via Wikimedia Commons

14. October 2016 Chentech Forum - Michael Reith

DC-Source / Sink for
Battery Simulation

= To Test Inverter In
Electric and Hybrid Venhicles

15

Von unbekanntFerrari S.p.A. - Eigene Vektorisierung, Logo,




DC-Source / Sink for
Battery Simulation

= Formula 1: Testing KERS
Kinetic Energy Recovery System

eeeeeeeeeeeeeeeeeeeeeeeeee

14. October 2016 Chentech Forum - Michael Reith

DC-Source / Sink for
Battery Simulation

= Testing of Components, like Dashboards

HLW (Own work) [CC 0 (http://cre: es/by-sa/3.0)], via Wikimedia Commons
14. October 2016 Chentech Forum l\/IlchaeI Reith
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DC-Source / Sink for
Battery Simulation

= Supply of Electronic Circuits of
High Speed Trains during Maintenance

Von Martin Lechler - Eigene Aufnahme mit Handy, Gemeinfrei, https://commons.wikimedia.org/w/index.php?curid=44976930

14. October 2016 Chentech Forum - Michael Reith 19

I-TS as , Battery Tester”

e Mode DC-source and DC-sink
Adaptation of the basic system
« Control ("I +" and "I-" control)

»  Stop function (safety controller opens the output contactors
after a period of 0.5 sec)

L1 L2 L3

14. October 2016 Chentech Forum - Michael Reith 20



DC-Source / Sink as battery-tester

= Prototype Tesing of Li-lon Batteries for
Manufacturers of EV

14. October 2016 Chentech Forum - Michael Reith 21

DC-Source / Sink as battery-tester

= Testing batteries for electric vertical takeoff and
landing (VTOL) aircrafts

14. October 2016 Chentech Forum - Michael Reith 22



DC-Source / Sink as battery-tester

with BaSyTec EIS (Enhanced Impedance Spectroscopy)

= Modulation of AC voltage to
DC Voltage and Current
= Measuring of AC Impedance
= Comparing with models
of battery type
= Information about

Von Ph h taken by: Thomas Wolf (Der Wolf im Wald) Retouched SOC (State of Charge)
n togr: 1 n N m. r m it
’ by:0 LivbChacolate ('I){alk)?Fﬁ::Auc:ji é-t?on.jgg, cc BaY-)SAe;(;J,C © SOH (State of Health of battery)

https://commons.wikimedia.org/w/index.php?curid=9111586

14. October 2016 Chentech Forum - Michael Reith 23

Inverter for Testing Fuel Cells

 Mode: inverter (DC-sink)

L1 L2 L3
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Inverter for Testing Fuel Cells

Bild: BMW

14. October 2016 Chentech Forum - Michael Reith

High Power EV Battery
Test Solutions

Part 2: I-TS Hardware and Feature introduction

14. October 2016 Chentech Forum - Michael Reith
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SLD of Infeed Test System

Adjustable DC- voltage Analogue
Rectifier CHOPPER with fow ripple nstruments
Power part Power part l

Isolation =
transformer

v _v ) CI:
AC main -l
supply @ I '( Q )_ = |:|:, = _|_ = f——— oothgm
PWM

Rectifier Chopper low - pass filter

Intermediate DC-link PWM
voltage

» Bi-directional DC power supply
e High dynamic performance
« High control accuracy

Field of Application

e Test stands and test facilities

e DC supply for "battery testing"
e DC supply for "battery simulation®

* High dynamic load in 2-quadrant operation
for testing of:

» Batteries (charging and discharging)

* Inverters with wide input range for solar feed
* DC electric motors

* Fuel cells

e Super capacitors



, TWO major types of I-TS"

Battery Tester

Output filter with lower
capacitance

Control mode: current

Special feature:
High dynamic in current
change

Current rise time of <1 msec
(standard system 800V / 600A)
(40 - 60% of the rated voltage)

Current ripple <0.1% fs rms at
Udc>10VDC

Battery Simulator

Output filter with higher
capacitance

Control mode: voltage

Special feature:
Low voltage dip at current
transients

Orginal Measured Curve
, Battery Tester”

330 A/ 600uF
(Basic unit equipment)



Orginal Measured Curve
, Battery Simulator®

330 A/ 7200uF

14. October 2016 Chentech Forum - Michael Reith 31

Mode , Battery Simulator®

14. October 2016 Chentech Forum - Michael Reith 32



Current rise time
mode , Battery Tester"

€— <Ilms —>

current 90%

current 10% | AN
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Current rise time
mode , Battery Tester*

current rise time
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Control Modes of I-TS 3870

« 3 independent "control modes"

» Voltage control (U)
« Current control (I +)
e Current control (I -)

14. October 2016 Chentech Forum - Michael Reith 35

Working of DC Source / Sink
!

Max power
Mlax. sink

IWlax, source
current
1
I- current contral i
) “oltage contral i
operating ares . !
operating ares i /

|

|

| I+ current contral W range
|

I operating area 1-100%
|

|

|

| %

|

|

|

|

|

|

|

current

Sink operation Source operation

_ -0,2 bis -100%
|- range= T 2770

I+ range = +-100%
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Description Voltage Control "U"

« Constant output voltage at
e System open circuit
e Current flow between the two current limits ("l +" and "I")

» Setting operation mode “DC-source”
e 0to 100% of the rated voltage

» Setting operation mode “DC-sink”
e 3V to rated voltage for systems with nominal voltages < 100V
* 4V to rated voltage for systems with nominal voltages < 400V
* 5V to rated voltage for systems with nominal voltages > 400V

Description current control "[+"

e Limits the current flow to the rated current
* by lowering the output voltage

e Setting of "+ 100% to" -100% "

» Direct transition from the operation mode DC-
source to DC-sink (charge or discharge)

e Transition from the source to sink operation is
"seamless" within normal response time



Description current control "[-"

» Limits the negative current flow
* by increasing the output voltage

» Setting of “-0,2% to -100%”

 Priority of the “current controller I-” is higher than the
“current controller I+”

* Protection of the load (battery) from deep discharge

 Active if voltage level of the connected load is higher
as voltage level setting of controller.

* For battery discharging not required (but can be used)

Description "power limitation®

 If the operating point of the device is greater than
the maximum power of the device

* Dynamic adjustment of the current level when "I +" or "I" control
active

* Dynamic adjustment of the voltage level when "U" - Control
active



Protection features

(included in the basic system)

Overvoltage protection (OVP)
* At the output
* At the mains input
Under Voltage Protection (UVP)
* At the mains input
Over temperature protection (OTP)
* At all power units
Current limiting (OCP)
o Static "l +" control

» Static "l -" control
* Dynamic using ,transistor current limit"

14. October 2016 Chentech Forum - Michael Reith 41

Safety concept
EN ISO 13849 / EN60204

EN ISO 13849 EN 60204 - 1
= Safety of machinery = Safety of machinery
= Safety related parts of control = Electrical equipment of machinery
system = Demand
- Part. 1: general principles for = Definition the color of wires
design = |dentification mark of component
= Part 2: Validation = Relay with auxiliary contact incl.
= Demand of Performance Level monitoring

= Main switch

= Safety components for emergency stop
= Sensor- and actor loop are redundant

= Confirmation of functional safety

= Achieved Performance level ,d“

14. October 2016 Chentech Forum - Michael Reith 42



Risc flow route acc. EN ISO 13849-1
to achieve different performance level

> a
2 +|:
+| P, <
P, >
+["' 4
P
P, >
Pz - e
« S1: slightly, reversible injury
e S2: severe injury, death
e F1: rarely till less frequently and / or short takes exposition
* F2: frequently till constant and / or long exposition
* P1: avoidance of danger under certain conditions possible
e P2: avoidance of danger rarely possible

Safety control unit for
performance level , d"

(included in the basic system)

All input and output signals
are through two channels.



Insulation — monitoring

(included in the basic system)

= |nsulation monitoring in the DC output circuit
= When falling below R,,, <100k the system will be stopped

= The Insulation monitor will be switched over or off in parallel
operation of two systems with relays on A70.
(2 Insulation monitors cannot be active)

= For fixed parallel operation the Insulation monitor the 2nd
unit is not necessary (Insulation monitor can be switched off)

Power supply

Standard System:
380-480V (£ 10%) 3/(N)/PE, 50/60Hz (£ 6%)

Input voltage range of 500V and 690V with additional price
depending on the power of the system

Input voltage range of 208V and 220V with additional price
depending on the power of the system



Efficiency

o Standard System 800V / 600A
o Typ. 92-95% (depending on the system power)

Caution:
» Low output voltage reduces the efficiency

14. October 2016 Chentech Forum - Michael Reith

I-TS 3870 display and
operation elements

Remark: ,emergency off* button is optional
14. October 2016 Chentech Forum - Michael Reith
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CAN-Bus interface

(Standard is not galvanic isolated)

A23 CAN - Standard Interface with CAN-Repeater with
- B . - H CAN-B
Interface board  [€——"| galvanic separation ey separation —>
- digital output (optional) - Isolationsvoltage 4kV

e |-TS 3870 has two CAN bus — Interfaces (named A23)

» Control of the system using two different control systems are possible
(eg tester control and Simulator - control)
» Switching the CAN bus connection via relay on the "A23"

» By default, only one interface active
* Transmission speed CAN bus = 100Hz (1Mbit)

Caution:
* Max. Distance = 30m
(for longer distance the "baud rate" has to be reduced)

14. October 2016 Chentech Forum - Michael Reith 49

Output contactors for
"Disconnect under load"

(I-TS-3870-DC-xxx)
* Output contactors with positively driven auxiliary contacts

* Output contactors for operation "disconnect under load"
e Max. 1000 A /1000 V

14. October 2016 Chentech Forum - Michael Reith 50



Discharge Unit
for operating mode , simulator*

(I-TS-3870-DCU-xxX)
Operates according to the closed circuit principle
Sinks the "residual energy" of the DUT after System-Stop
Installation in the PDSB possible
Only for "simulator" usable

* Activation after "stop" or "emergency stop" or overvoltage
(eg >850 V with Standard - System)

* Resistor is connected to the DC output (after the output
contactor) -> always active

e  Customer has to ensure that max. Energy is not exceeded
(1sec @ nominal power)

14. October 2016 Chentech Forum - Michael Reith 51

Increase output capacitor
for operating mode "simulator”

(I-TS-3870-O-CAP-xxX)
» 3 different capacitors can be selected at the control panel.

6600uF, 13200uF and 19800uF
Automatic integration into the control loop for optimal performance

* Advantage:

* Reduction of downtime due to voltage dips at special DUT
(installation of an additional capacitor-box)

» Customer specific test conditions for optimal performance
+ 1 1

J_ uuT

\ 6600 UF 13200 uF )

14. October 2016 Chentech Forum - Michael Reith 19800 pF 52



Protection diode for "safe" sink operation
(I-TS-3870-Diode-800A)

e Cabinet with wheels

* Protection diode for 1200 A and 800 V

| |
| !
- |
| ;
DE‘f_ALEgang | X1 ‘\:'rl,lz _)(2" DC-Eingang
» Signal lamp as status display e - T
| |
|
« Voltage display : |
I !
. |
5 |
o o |
- - 600
14. October 2016 Chentech Forum - Michael Reith 53

Protection class IP21

(I-TS-3870-1P21)

14. October 2016 Chentech Forum - Michael Reith 54



14. October 2016

14. October 2016

Protection class IP23

(I-TS-3870-1P23)

Chentech Forum - Michael Reith

Protection class IP53

(I-TS-3870-1P23)

Chentech Forum - Michael Reith
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I-TS 3870 single — standard system

Optional if I-TS can’t
be placed directly next
to or DUT.

20 —500kW / DC
100 - 1000V / DC
200 -1000/DC

380-690V I-TS 3870
50/60Hz

PDSB PDU Test - object

PDSB Options for equipment necessary
e For multiple test cells
e Toinstall the discharge Unit
* For changeover operation mode tester and
simulator

14. October 2016 Chentech Forum - Michael Reith 57

I-TS 3870
Changeover test cells / DUT

Test — object
PDU BT or BS

380-690V
50/60Hz PDSB Test — object
— PDU BT or BS

o cumemtor

14. October 2016 Chentech Forum - Michael Reith 58



I-TS 3870 parallel — system

(I-TS-3870-parallel)

20 - 500kw / DC
380-690V I-TS 3870 100 - 1000V / DC
50/60Hz 200 - 1000A/ DC
Communication via
CAN-Bus
|
i 1MW / DC
i 800V /DC
- 20 - 500kW / DC 2000A/BC
380-690V [-TS 3870 100 - 1000V / DC
50/60Hz . . 200 - 1000A/ DC PDSB PDU Test - object
14. October 2016 Chentech Forum - Michael Reith 59

PDSB

(Power distribution switch box)
(I-TS-3870-PDSB-xxx)

Cabinet to connect various contactors and
Discharge Unit

Standard types
e 1input/ 2 outputs (for two test rigs)
e 2inputs/ 1 output (power increase of parallelization)

Protection class 1P20
Dimensions depending on the version

14. October 2016 Chentech Forum - Michael Reith 60



PDSB
(Power distribution switch box)

PDU (Power distribution unit)

(I-TS-3870-PDU-xxX)

« Wall cabinet for connecting the device under test
(1000V / 600A)

« Wall housing for a test - cell (BT or BS)
e 800mm x 300mm b t x 2000mm h
* Protection class IP 54
e Voltmeter Cabinet Door

e Short-circuit switch (Q4) for secure connection of test
objects -> Before working on the unit, the switch Q4 is
too close (only Simulator - PDU)

e Traffic light indicates operating status

* Indicator light for status of isolation monitor
(turned off or active)



PDU (Power distribution unit)

14. October 2016 Chentech Forum - Michael Reith 63

Multi channel Infeed - Test System

MI-TS 3871

380-690V
50/60Hz

Imax =
1600A

Power performance like ITS 3870
Outputs of standard system 800V
Max. 4 x 200A (1 cabinet)
Max. 4 x 600A (2 cabinets)

14. October 2016 Chentech Forum - Mic 64



View to Future
-TS V3.0

14. October 2016 Chentech Forum - Michael Reith 65

New Mechanical Features

= Fire-retardant cabinet
= (according UL 94-5VB and UL 94-V1 for fixtures)

* Reduced noise emissions

= No distance to wall required for cooling
= Depth 800mm (up to 320kW)

= |Improved cooling concept

= Optimized positioning of components

= Ease of maintenance
= (changing fans and capacitors)

14. October 2016 Chentech Forum - Michael Reith 66



New Electrical Features

= Optimized measuring transducer

= Sustainability
= Better signal / noise ratio

= Optimized design of transformer and chokes

= Less acoustic noise
= Better dynamic performance

= Reduced reactive input power
» Advantages when using system with part load

New Controller

= TFT with touchpanel

= Earth fault monitoring device (optional)
= (newest technology, handling is integrated in TFT)

= Firmwareupdate by USB-stick

= Event-logger
= Opportunity to download the logs (CSV file)

= Data-logger (optional)
= Logging of measuring values of test procedures
= Signal generator for simple test procedures

= Parallel operation for up to 4 systems



New Interfaces

= Standard interfaces:

Modbus TCP/IP
CAN

= Optional available interfaces:

SCPI (TCP/IP)

Profibus

ProfiNet

Analogue 0-10V

High-Speed analogue for currnet

= Remote access by Teamviewer

(B&R Automation Studio and separate Ethernet are required)

14. October 2016 Chentech Forum - Michael Reith 69

D High Speed Analog / Controlling

L4
l I-TS 3870

» Ethernet / Diagnose and Debugging

Modbus

]
|

Analog / Controlling

Ethernet
y

Profibus / Controlling trolling

CAN-Bus intern N
14

Ethernet / Controlling

CAN-Bus / Controlling

v

Powerlink

Parallel-Operation

14. October 2016 Chentech Forum - Michael Reith 70



14. October 2016

14. October 2016

Chentech Forum - Michael Reith

Chentech Forum - Michael Reith

71

72



Come and visit us in Bavaria
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High Power EV Battery Test Solution

Part 3: PBT-1000 Series software introduction

Curtis Lin

cte

TE! LECTR

Outline

e Company Introduction

e Testing Technologies of PBT-1000
e Conclusion

e Demonstration



CHEMN TEGCH ELECTRIC

ABOUT CTE

CHEMN TECH ELECTRIC

Battery Research Battery Production
Material Research Formation

Battery Capacity & Life Cycle Grading

Research Learning

SOH Research Quality Check

WORLDWIDE BATTERY TESTING EXPERT



============ Worldwide Locations

CHEMN TECH ELECTRIC

TESTING TECHNOLOGIES OF PBT-1000



L - Germany

GHEN TEGH ELEGTRIG Technology

PBT 1000 Series High Power

Eco-High Power Pack Up to S00KW
Evaluation & Testing System

- ~ <2ms
EC 2 charge/discharge switch time
Scooter EV Ebus A& | FUDS. DST
4

Tt

o and customized testing patterns
. Energy
Railway S 95%
\_ ) discharge recycle efficiency
C &= nomniss
ctCE

CHEMN TECH ELECTRIC

Current Response & Mode Switch

Rapid Current Response during Rapid Switch Between
Charge and Discharge Charge and Discharge



The Features of Software - iBest

e BMS communication and data collection

e Cell voltage and temperature measurement
e Chamber control integration

e Battery testing standard integration

e Powerful data analysis function

e Abnormal charging or discharging diagnosis

cte

TE! LECTR

iBest

EEEEEEEE



CHEMN TEGCH ELECTRIC

BMS communication and data collection (1/2)

1.Can PBT-1000

2.RS-485
Battery Pack 3.Modbus

4.Uart

5.SMBus

1.BMS Data Collection
2.BMS Reading/Writing

https://www.google.com.tw/search?hl=zh-
TW&bih=770&biw=1440&tbm=isch&sa=1&q=EV+PACK&0q=EV+PACK&gs_|
=img.3..0i8i30k112.70038.75267.0.75610.7.7.0.0.0.0.130.423.6j1.7.0....0...1c.1j4.6
4.img..0.7.421...0j0i30k1j0i19k1.jRotGpagGPs#imgrc=YegHiOhS20b1tM%3A

CHEMN TECH ELECTRIC

BMS communication and data collection (2/2)

Battery 1(RS-485)  Battery 2 (CAN).

Add Cut-off conditions




cte

HEM TECH ELECTRIC

Voltage and Temperature collector - ES-100B/ET-100B

cte

TECH ELECTRIC

Chamber Control Integration

| Action |Add mAH|Add WH| Ch-T | Ch-H|&]|
CB-T/HSet| 0.00 000 [50.00]0.00
CB-T/HSet| 003 000 [50.00]0.00

CB-T/HSet| 0.05 0.00 |50.00|0.00
CB-T/H Set| 0.09 0.00 |50.00|0.00
CB-T/HSet| 011 0.00 |50.00|0.00
CB-T/HSet| 014 000 |50.00|0.00




cte

CHEMN TEGCH ELECTRIC

Battery testing standard integration

Cell

https://www.easyacc.com/media-center/best-18650-battery/

> |EC 62660-1 (CNS 15391-1)
> IEC 62660-2 (CNS 15391-2)
> |EC 62660-3

> SAE J2464

> UN38.3

> QC/T 743

> ..

Module

http://wholesaler.alibaba.com/product-

detail/XTY602020-3-7v-180mah-Small-

Lithium_60253803196.html

> UL 2580

> UN38.3

> SAE J2464

> QC/T743

> GB,Z18333.1
> ..

Pack

https://www.google.com.tw/search?hl=zh-
TW&bih=770&biw=1440&tbm=isch&sa=1&q=EV+PACK&0q=EV+PACK&gs_I=img.3..0
i8i30k112.70038.75267.0.75610.7.7.0.0.0.0.130.423.6j1.7.0....0...1¢.1j4.64.img..0.7.421...0j0i
30k1j0i19k1.jRotGpaqGPs#imgre=YegHiOhS20b1tM%3A

VVVVVVVVYVYYYYVYY

1SO 12045-1 (CNS 15369-1)
1SO 12045-2 (CNS 15369-2)
1SO 12045-3 (CNS 15369-3)
UNECE R100
GB 24155

GB 24158
UN38.3
EN15194

SAE 12929

SAE J2464
GB,Z18333.1
BATSO-01

UL 2271

UL 2580

ISO 12405-1 : Energy and Capacity ‘

] ISO 12405 : DCIR

’ 1SO 12405-1 : Power and Resistance

IEC 62660 : Cycle life test

IEC 62660 : Cycle life test

IEC 62660 : Cycle life test

HPPC

Drive Simulation: FUDS -

[ T T R I T T A T

Drive Simulation: DST |
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Summarize

Capacity

SOC adjustment
Power

Energy

Storage test

Cycle life test

Energy efficiency test
DCIR

HPPC

Drive Simulation
— FUDS
— DST

CHEMN TECH ELECTRIC

Drive Simulation-FUDS

 FUDS: 20KW 100A

Data Recording using PBT-1000

rcent of Peak Discharge Power
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Drive Simulation-DST

* DST 20KW 100A

Data Recorded using PBT-1000

cte

HEMN TECH ELECTRI

DCIR - IEC 61960

e |EC 61960-2003 with 10A Current

Current Recorded in iBest Measured DCIR in iBest

DCIR-C (Ohm) | DCIR-D {ﬂhm}' a |
1.883240 2. 444087
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DCIR - 1SO 12405

e |SO 12405 with 10A Current

Current Recorded in iBest Measured DCIR in iBest

cte

—— Waveform (PWM Pulse)

* No Step Limitation
e Example: Current 0A~100A, Duration: 10ms~500ms

Voltage Recorded in iBest Current Recorded in iBest
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Data analyzer (1/3)

e Table View

— Custom field exportation
— Copy&Paste

 Curve View
— AXis type selection
— Multi-y axis
— Overlay analysis
— Custom curve format
— Copy&Paste

. CG&E FRtix
|

cte
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Data analyzer (2/3)

3 Advanced Data Analyzer
File Tools Window

|[em

Cycle Folder
Life Folder N

Step Loopl Loop2 Step time
2 Y0 00:00:00.000
1/10 00:00:10.000
1/10 00:00:20.000
1/10 00:00:30.000
1/10 00:00:40.000
1/10 00:00:50.000
1/10 00:00:59.681
110 00:00:00.000
1/10 00:00:10.000
110 00:00:20.000
1/10 00:00:30.000
00:00:40.000

1/10 00:00:50.000
00:01:00.000

1/10 00:01:10.000
00:01:20.000

1/10 00:01:30.000
110 00:01:40.000
1/10 00:01:50.000
110 00:02:00.000
1/10 00:02:10.000
110 00:02:20.000
1/10 00:02:30.000
110 00:02:40.000
1/10 00:02:50.000
110 00:03:00.000
1/10 00:00:00.000

i,

. CEG&E F@tiix
|
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e Data analyzer (3/3)

¥ Scale »
Y Scale » o . ° o
Ep=a 4 o [ B o
i —
File List m 7 None
. Interpolation » Zera
B X Scale N
Custom curve format Yo b v
- T(mA)
»

T - - - = - - Export .

p
mAh
Wh

File List
@A 15-01-120007

Interpolation
Point Style

FRR R

CHEN TECH ELECTRIC

X Scale
Y Scale

cte

CHEMN TECH ELECTRIC

Multilayer Protection Features
|| rtProtection | 2MProtection | 37Protection |

OV (0OVP) At the output Highest voltage protection Oerr (Real time output characteristic
At the mains input diagnosis (dv/dt, dT/dt, ...) )

LV (UVP) At the mains input Lowest voltage protection Oerr

OC (OCP) Static “I+” control Highest current protection Oerr

Static “I-” control
Dynamic using
“transistor current limit”

LC NA Lowest current protection Oerr
OT (OTP) At power units Highest temperature protection Oerr
Verr NA Inaccuracy protection Oerr
Cerr NA In accuracy protection Oerr

C L& =@l
|
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CONCLUSION

cte

TECH ELECTR

Conclusion

e PBT-1000 is a ready system for battery testing
— Solid hardware performance
— Integrated software utilities

* Trail use program: We welcome you to test
your battery in CTE
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Source: http://news.softpedia.com/news/Apple-and-Sony-Pay-1-3-Million-Yen-in-Battery-Fire-Lawsuit-83438.shtml#sgal_0
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Cycle Life (Cycles)

Too|narrow means wasteful thermal managemen

= {ER5E ?

Cycle Life and Temperature

Slow drop off below +10 °C due to anode plating
Fast drop off above 60 *°C due to chemical breakdown

Actual life will depend on the cell chemistry and
the percentage of time spent at the upper and
lower temperature limits

Ideal working
temperature range

| b

Too wide means lower cycle life

0 40 80

Cell Operating Temperature (Constant (°C))

Source: http://www.mpoweruk.com/lithium_failures.htm
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Temperature (°C)

Source: http://www.mpoweruk.com/lithium_failures.htm

HREMNSapRA5E
SEI - Solid Electrolyte Interface

400
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Below the 80% of SOC, the thickness changes of the
Li-ion batteries are almost constant as a function of SOC
and the values is about 10%. The thickness of the Li-ion
batteries, however, abruptly increases above 80% of SOC.

The swelling behavior of the Li-ion batteries must be
considered in terms of the distinctive two regions : one is
the region below 80% of SOC, and the other is above
80% of SOC. In case of the region above 80% of SOC,
the swelling behavior of the Li-ion batteries is expected to
be attributed to the side of cathode. In case of the region
below 80% of SOC, the reason for the swelling of the
Li-ion batteries is concerned with the side of anode.

The cell containing the cathode swells above the
certain voltage, namely, 4.0V versus Li/Li’, indicating
that the swelling behavior of the cell containing the
cathode is attributed to the oxidation of electrolytes on the
cathode.

*"-ﬁiEﬁ ,;1
RFTIRIXE) B4 EERRRE

Q Figure 2. 2.

(a)When the rate of discharging is
high, the distribution of Li in the
active particle is
inhomogeneous, which causes a
field of stress in the particle.

(b)When the rate of discharging is
low, the distribution of Li in the
particle is nearly homogenous,
and the magnitude of the stress
in the particle is negligible.

E‘E%FFH(J -

35 .
30
25
20

swelling ratio (%)
®

0 1 1 | i

0 20 40 60 80 100
state of charge

Fig. 1. The swelling ratio of the Li-ion batteries
after storage for 4hrs at 90°C

(a)

(b)

The arrows indicate the direction of Li insertion.
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a The.advanta%es we have found of flat-plate
designs can be summarized as:

- i) true flat shape that helps to keep the battery
thickness uniform and thin,

. c? inherently higher energy densities due to lesser
ead volume within the cell enclosure,

- iii) lower cell impedance resulting from plurality of
electrical contacts through electrode tabs.

O We also noticed for the stacked cells, the
manner in which each cell is folded with
separator materials dictates abuse safeties at
elevated temperatures such as hot box and
overcharge.

Q During high temperature events, it was
observedthat short circuits that may occur
around the electrode edges can trigger
safety events more easily.

Q Free stack structures without any folding
options inevitably allow the separator
materials to contract when exposed to
shutdown temperatures.

Q Although inherent thermal properties of
electrolytes and electrode materials are
important, cell designs must also be
considered for safer lithium ion battery
developments.

= = I
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https://areweanycloser.wordpress.com/2013/06/21/dendritic-lithium-and-battery-fires/

REF : DOT HS 811 573, Jan 2012,
Chevy Volt Battery Incident

https://longtailpipe.com/wp-
content/uploads/2012/01/burnt-chevy-voltl.jpg
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¢

An accurate, intuitive, comprehensive electrical model
has been proposed to capture the entire dynamic
characteristics of a battery, from nonlinear open-circuit
voltage, current-, temperature-, cycle number-, and
storage time-dependent capacity to transient response.

EERER?

Figure 1: Electrochemical dynamic response

* The electrochemical dynamic response measures the ion flow
between the positive and negative plates. A strong battery

recovers quickly from an attack whereas a weaker pack behaves
more sluggish
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Figure 2: Frequency scan of a good and weak battery

« Differences in impedances are most visible below 10Hz. The
horizontal scale is logarithmic to condense the frequency range.
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Source: http://www.illinoiscapacitor.com/tech-center/life-calculators.aspx
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AREFH, mEER#H L

FElectrical and Thermal Finite Element Modeling of Arc Faults
in Photovoltaic Bypass Diodes

AREFH, BRBEEEXE
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SOH Evaluation Solution

YM Huang

cte

HEN TECH ELECTRIC

Outline

e What does SOH mean?
e Modeling

e SOH Evaluation Suit

e (Case Study
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What does SOH mean ?

EEEEEEEEEEEEEEEE
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SOH Definition
SOH :State-Of-Health

“ The State of Health is a” measurement “ that reflects the
general condition of a battery and its ability to deliver the
specified performance compared with a fresh battery. ”

The Eletrocpaedia
AHC,
AHC

““ An Improved Battery Characterization Method Using a Two-Pulse Load Test ” IEEE
TRANSACTIONS ON ENERGY CONVERSION , 2008

SOH =

Nominal

EEEEEEEEEEEEEEEE
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Parameters Related to SOH

SOH = A weighted summary of specified parameters
* Capacity
Voltage

» Open Circuit Voltage
» Recovery Voltage

Internal Resistance
Self-Discharge
Number of Used Cycle

Capacity
e Releasable /Available (Electric Charge)Capacity

» Releasable /Available Energy

Panasonic 18650B Datasheet
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Voltage (Open Circuit Voltage)

e Open Circuit Voltage

Rea Rec
Ro
—®
. Voc(SO0) Con Cro Vo
6}
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Voltage (Voltage Recovery)

e Voltage Recovery

“From a theoretical point of view, the voltage relaxation could
be used as an indirect measure of degree of lithiation in the
cathode and anode of a Lithium-ion battery. ”

“The V,covery €VOlUtion has fast, medium and long time

memory relations with current, SOC and voltage conditions
previous to this transitory state. ”

“ PHEV battery ageing study using voltage recovery and internal resistance from On-board data ”
IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY , 2015
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Internal Resistance

e Ohm’s Law
B VDA Current Step Method
M SO Current Step Method
B Current-off Method

M Switching Current Method
* Joule’s Law

M Energy Loss Method

B Quasi Adiabatic Battery Calorimeter
* ACIR

M Fixed Frequency AC Internal Resistance
B Impedance Spectroscopy

“ Comparison of Several Methods for Determining the Internal Resistance of Lithium lon Cells ”

Sensors , 2010 Cte ﬁ%ﬂﬁiﬁ
I
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Ohm’s Law
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Joule’s Law

Charge

Dissipation
Dissipation

Storage
Energy

* Energy Loss Method : The difference of energy between
Charging and Discharging with the same amount of carriers.
* Quasi Adiabatic Battery Calorimeter : Dissipation Heat

cte

CHEN TECH ELECTRIC

ACIR

“ AC impedance analysis of lithium ion battery under temperature control.
Journal of Power Sources , 2012
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Transfer Function
Linear , Time
uty—> Invariant [—>y(t)
System
Transfer Y (s
Us)—»{ Function —»Y(s) G(s) :%
Battery
I(s)—> Transfer |—»V(is) G (s) = V (s)
Function | ( S )
Y(@)=Ge) U+ AG))
cCCE =@tz
cte
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Measure ACIR

Apply sinusoid current with amplitude :S,

Si Sy and frequency : f to battery, and observe
0 to 360° the response voltage with the same
f frequency.
v > q Y
SV tD o
Z] ==~ 47 =--2360
S, Y
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Spectroscopy
/X iy
\

AL L |

T B
Ty
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Internal Resistance vs SOC

From CTE

“ Proposal of novel equivalent circuit for electrochemical impedance analysis
of commercially available lithium ion battery “, Power Sources , 2012
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Modeling

cte
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Basic Principle

SOH T ok x  Measuring the SOH
| .  Parameters from sample
Life Cycle batteries under specific

condition
Curve Fitting l ¢ Modeling discrete /

continuous function based

on the collected data
SOH e Evaluating the SOH of used
» EV batteries

Life Cycle cCl-E =@tz
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Measurement Methods

Full Cycle Measurement Rapid Measurement Accurate Measurement

Using IEEE 1188-2005 based Using efficient way to collect Using special machine to collect

fully charge-discharge cycleto V, |, T variation for SOH specified information like
collect V, I, T for SOH calculation. E.g., Two-pulse  Entropy, Enthalpy, or other EIS
calculation method by Dr. Marie parameters for SOH calculation

Coleman
Current |

Voltage

Y

Time

From: IEEE PESC 2006 From: DR. Richid Yazami

CCE #@n
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a
Modeling Methods

¢ Simple model e Suitable order builds e Suitable solution for
e Low Accuracy in approximate model polynomial model degree
most situation e The higher order needs to solve under 3
the bigger matrix * Model 1%t and 2" Order

differential should continuous
at fitting points

Linear Combination of Known Lagrange Interpolation Lagrange Interpolation
Functions (Chebyshev Roots)

e Accuracy very dependson |* Model bounds to pass fitting ¢ Decrease and average
prescribed functions points region error of Lagrange
e Boundary region Accuracy is interpolation
lower than middle region

CCE =@tz

10
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- Lagrange Interpolation

Given a set of K+1 data points(X, , Y,) , (X;,Y) -..(Xk, Yi)
Linear combination of Lagrange polynomial: L(x) :=ivjej
Lagrange polynomial: A

Leo XoXa o X=X X=X, X=X X=X,
P oosmek X = X X = X X =X X=X, X = X

m#j ] -1 i j+1

The resulting polynomial is more accurate in the middle of the
interpolation range than the region near the boundary.

C L At
A

Chebyshev Roots
Lagrange interpolation Error:

(N+1)
EMM=2N+§NX—XMX—XJ4X—XM)

In order to minimize [(X = Xo)(X = X,)..(X =X ,.,)|
K+ %—-n )

Choose Chebyshev points X . = cos( n=1,2,3...K

X—(-1) Z-
Linear transformation 1 (1) —p_a X cl711 Z€la.b]

K+1,-n
Z, =% (b—a)cos(%

r)+a+b

CcC e =@ix
[ ——

11
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SOH Evaluation Suite
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Ideal SOH Evaluating

12
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Datasheet Based Model

13
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Rapid Test Measure Error

. Current .,
Capacity ,,,, + ————
. Current  Current,, + Current Crate .,
Capacity,,, = = =
Crate,,, Crate , + Vg, 14 Neor
Crate,,
. . rren - i
CapaCItyermr _ CapaCItyeva CapaCItyreal Curre Cerror Cri\t/eErrorCapaC Yo
real

CurrernError _ é\/Error
rate ., [Capacity,,, [Crate

Equipment Accuracy  +F.S0.02% | *F.S0.1% | +F.S0.2%

MAX error

= Capacityev{

+FS0.1% | +FS0.2%

Equipment Accuracy  +F.S 0.02%

NCR18650B

Crate(Hr?) Mean error

5.76% H 7.58% ‘ 9.98% 11.78% ‘ X 18.14%
5.91% H 8.37% H 11.65% 12.00% ‘ 15.71% ‘ 20.68%
6.21% H 9.98% ‘ 15.21% 12.45% ‘ 18.14% 26.07%
7.12% H 15.21% H 27.87% 13.83% ‘

26.07% ‘ 4542%_- Et?ﬁﬂ;i

e S % chien tecH ELECTRIC

cte
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NCR18650B SOC:40% Verify

9.00%
8.00% m1C m05C mQ0.25C
J o
7.00%
6.00%
g 5.00%
= 4.00%
3.00%
2.00%
0.00% L] m | I
1 2 3 4 5 10 11 12 13 14 15 16
SAMPLE ID
From CTE

CCE =@tz
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Case Study
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Load Leveling

00:00 06:00 12:00 18:00 00:00
— — BAERSG M i E I GEASNE

i R RS E R - EAME RECHERRERE IS

15
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Repurposed EV Battery Enabled
Energy Storage System

cte

Cell/Module Information

16
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Q&A

Thank you for your Attention

17
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for further information

mTAIPEI, TAIWAN

1F, NO.27, LN.61, SEC.1, GUANGFU RD,,

SANCHONG DIST., NEW TAIPEI CITY 24158,
TAIWAN

X : sales@chentech.com.tw
0E : +886-2-22783825
= . +886-2-22783926
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