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Objectives

A To improvethe safety, resiliency andreliability aspect®f lithium ion

basedBatteryEnergyStorageSysten{BESS)usingthe powerconverter . . 7 | Grid
andits control,interfacedo thegrid |

Batteries | — E Multilevel ~
o To developmodulartransformetessmultilevelinvertertopologies BAS T_ Power ~
for gridintegratiorof BESS DT Converter
o To developselfbattery managemensystem(BMS) using power | [G&> G| ! ? Interface
converteperformingstateof charg€SoQ balancingcheme Estimation | “------1

o To addresgesilientoperationof energystoragesystemwith the Component leve
. . . . agnostics
interfacingconverterunderadversgridscenarias

o N . R
o To developaccurate@quivalentircuitmodelsof Li-ion batteriedor I ————— I ————

Stateof ChargeandStateof Healthestimation
Fig. 1. Grid connected BESS.

o To identifycomponentevelreliabilityparameterior SICMOSFET,
batteryetc by performingacceleratelife tests

o To evaluatehe componemMevelremainingusefullife (RUL) index
for SIGFET and Li-ion batteriesand to predictthe systerevel
3 RUL for gridconnecteanodulaiBESconvertesystem
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Milestones and Targets

Deliverables

A To developa grid connectetA A single phase kW laboratory To achieve more than 50 %
multilevel convertertopology  scale hardware prototype usingimprovement in rateof SoCbalancin
for BESS with selfbattery CHB converter to verify the usingratedcurrentoperationcompares
managemersystem proposedsoCbalancing scheme to Unity PowerFactor(UPF) operatior

athalf thepowerexchange

A To address resilient BESSA Improved equivalentcircuit model  To develop SoC and temperatur
operation through power of Li-ion batteries considerintdependent equivalent circuit model
converterunder adversegrid  effectof SoCandtemperature (ECM),  with model accurac

conditions improvemenaboves (.
(GENEEGM A To identify state of healtr A Reliabilityevaluatiorprocedureor
indicatorsof powerelectronic  SiCdevicesathightemperatures To develop reliability evaluatiol
componentsn aBESS modelof SiCpowerMOSFETSs
A to develop an integratetA Prediction algorithm to evaluatd To predict systemlevel BESSRUL
Yearlll approachto predict systen overall reliability and RUL of with anestimatiorerrorof lessthan500
( level RUL of BESS using powerdeviceandbatteriesor safe Hrs. in about20years
powerconverters operatiorof
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Resilient BESS Operation under Adverse Grid Scenariot

Jean M. L. Fonseca, Krishna Raj and Kaushik Rajashekara. "Active Power Balancing Techniques for Resilient Battery Energy
Storage Systems Under Asymmetric Grid Voltage Scenarios”, submitted to APEC 2021 - Phoenix, Arizona.
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Resilient BESS under Asymmetric Grid Voltage Scenarios through

Active Power Balancing

ABESSneedso provideresilientoperationwhile providinggrid voltage Asymzf)‘%‘g'”ic Grid Voltage Condition
supportivarcompensatioduringadvers@rid voltageconditions S 00l

AExample low voltageridethrough (LVRT) operationof BESSduring (2)
advers@ridvoltagescenariosuchasundervoltagandvoltagesag

A Developeda ModularMultilevelConvertefMMC) topologyto achieve
resilienbperatiorfor BESSusingactivepowerbalancingcheme

Grid Voltage (V

Active Power Deviation Active Power Balancing
. (b) (c) (d) (e)
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Fi@ 3. (a) Grid voltages; (b) MMC leg power without power balancing; (c) average per phase SOC without power balancing; (d) MMC per-phase power with

power balancing; (e) average per phase SOC with power balancing.

Fig. 2. MMC-based BESS power circuit.
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Characterization and Modeling ofibin Batteries

Jean M. L. Fonseca, Gnana Sambandam Kulothungan, Krishna Raj, Kaushik Rajashekara, and Stan Atcitty n A Nov el St
Charge Dependent Equivalent Circuit Model Parameter Offline Estimation for Lithium-ion Batteries in Grid Energy Storage
2 Applications, 0 accept ed -Detroit, Michigan. Annu a l Meeting 2020
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Offline Li-ion Battery Characterization for BESS BMS

A lmprovedequivalentircuitmodels ECM)is developedo obtainaccurate ¢ e P
stateof charggSOC)andstateof health(SOH) L S W
o . o v,.soc)® v T ey
A Thecircuitparameterareobtainedhroughsubspaculentification o 1 n f
o Methodologyl (RGModel) useshewholedataseto find auniquemodel  Hig. 4. Equivalent cireuit model, °
o Methodology2 (RGSOC Model) usesdatasett everySOCto find several 4 @, .. covem
mOdeIS -Charge Current sc 3c

05C

Load (C-Rate)

time (s)

10!
s 0s5cC Relaxation
15 min.

A ObtainedECMs are usedto correlatethe parametersvith the SOC and
temperaturéghroughpolynomialegressiorip developuniqueECM.

3C

AThe developedmodel improvesthe accuracyof the terminal voltage
estimatiorby approximatel$0%.

Fig. 5. Dynamic load profile for a given SOC.

TABLE |. RMSE COMPARISON FOR DIFFERENT MODELS

Error MODEL
1IRC | 2RC | 1RGSOC | 2RGSOC
T=35C
RMSE [176mV  [144mv [83mV [ 7.3 mVv
T=25C

8 RMSE [23.3mv  [188mVv [9.9mV | 8.4 mVv
T=15C UNIVERSITY of

@ Sandia RMSE _ [355mV__ [303mV__ [155mV_ [13.1mV HOUSTON
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Remaining Useful Lifetime (R) Predictio of Pow
Converters

Amin Rahnama Sadat, Harish Sarma Krishnamoorthy, Kaushik Rajashekara. i P o wHET Reliability Evaluation based on
Thermal Equilibrium during Mission-Profile Ch ar a c t e HEEE Rotwer Blectonics, Drives and Energy Systems (PEDES)-
g 2020, Jaipur, India.
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Device Level Reliability Evaluation at High Temperature

/ComponerdevelreliabilityevaluatiomeedsdegradatiomlatasetWe takethe ek |
evaluationprocedureto next level through reliability evaluationat high =~ ===1 .3 , & Toon s
temperature [ Sz ey I_—l] . IS

AHigh-Temperatur€omponemevelRUL predictioninvolves
0 PowerandThermalcyclingon SIGMOSFETDevicesUnderTest(DUT)
AlnjectingmaximunDC currentandheatto DUT duringON timeoperation
0 JunctiontemperaturandRoson) measurementf DUT astemperatursensitive

electricaparameter6T SEP)
o Evaluatiorof RUL of DUT basedn capturediegradatiodata

AHealth indicator Roson is fitted to an exponentialequation (Roscony = ; i
W? Q ) to model the componentlevel behaviorduring the operational — Fis 8. The testsetup for SCMOSFET degradation
perimental Tamb =75°C.

lifetime

A‘ switching cycle

heating | cooling .
4—DI<: e

Junction Temp. DUT current
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Fig. 7. The schematic of degradation cycle Fig. 8. The captured RDS(ON) data for DUT degradation at Tamb=75°C(a) DUT1

Laboratories (power and thermal cycling). (b) DUT2. CULLEN COLLEGE of ENGINEERING

R_DS(ON)




