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* Previous SPEC Work Review on Battery Energy Storage System(BESS)

* Proposed 12V Series Resonant Dual Active Bridge(SR-DAB)
* Single Stage Topology Review
 SR-DAB Overview
* SR-DAB Operation Principle & Optimization
* Hardware Specification
* Experiment Verification

* Battery Management System(BMS) Integration on DSP
* BMS Constituents

* System Structure

* Summary & Future Work
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800W 380Vdc-12Vdc bi-directional converter (2015)

380V PEb 240Vac-380Vdc DC Micro Grid (2015)
DC Bus Bi-directional DC-DC converter 12v \ 1 / :
I ) ) Battery pack !‘ i /
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UART & Zighee
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Communication\

800W DC/DC, natural cooling
98.3% peak efficiency
30W/in?
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10 kW 208Vac to 48Vdc bi-directional charger (2021)
208Vac 3-phase Energy Storage System (2021)
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10kW AC/DC, forced air cooling
97% peak efficiency
50W/in?
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Proposed a s1ngle stage AC—DC converter for 12V battery system

ZQgV?'lHZ%V <> <> |= LIFePO4
Novel 12V Series-Resonant Dual ( DC mm| Battery
1-phase) ] ;
= (8-14.6V)

Active Bridge (SR-DAB) Topology

Pros: L,
»  Single stage bi-directional power delivering. shite
*  Lower RMS current & Switching current for
transistors. C, T
* Inneed of less energy buffer capacitor. J:
*  No inrush current issue due to smaller AC D, ) T
cap. “© or | S o
*  Center-tap transformer double current with S i/ il i T
half of the transistor number. c L ST | T )
«  PFC & Full Range ZVS guaranteed. s.JF 4% ‘ . i
LS s :
Cons: : é — | Group B
*  Complex AC/DC control. &_| G, i
|
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Q)  Cut %:Cdb . f Je. =, Simplified Representation
S :/"““:ﬁ_él_'“_c': “\: T @ single stage SR-DAB
* ! 5a 75 | -
c, L4 | 711 See i T
s ? ‘g - 0 S o sy S SR
NISIEEE 0, (8) ] Vi ) |
E g i JE‘- | Group B e ‘ 1 Lo ‘
: Ssa Ce i i v c i
SR , o0 | ; e
* 600V 50mQ GaN enabled AC Switches on HV side, center-tap (t R N |
circuit with Si on LV side. LI I, %
* Have aresonant LC tank. 05T, 0,, T 0,T 0,,T,

Variable 140kHz-350kH itching fi for si tion. :
ariable 140kHz-350kHz switching frequency for size reduction Operation waveform @ Charge state
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H_V\SW”CheS Bluetooth / WiFi
Ti 600\/ GaN MOdUIe

= HE ) . e Wl Catery Specification:

Sensing
—— 600W AC/DC

EMI Filter Natural cooling

97% peak efficiency
30W/in?

Resonant

Inductor
Frequency

180*90*20mm? or 7.08*3.54*0.79inch? Transformer
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LV Switches
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TI C2000 d aim oy wwirl L s r— T
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LV Active __——————““

Clamp
Switches

'ama@g&

" |, Resonant
- Capacitors

180*90*20mm3 or 7.08%*3.54*0.79inch?
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File  Edit  Utility  Help Tektronix

Add New...

Cursors | Callout

Measure, | Search
Results o

L V Vds Table Plot

More...

Resonant

iLr

AC voltage =\

HV Vds

AC current

Battery current

Horizontal Trigger quisiti Preview
20 ms/div 200 ms @ ~ 80mA

SR: 6.25 MS/s 160 ns/pt Noise Reject High Res: 16 bits

RL: 1.25 Mpts ¥ 23% Single: 0/1 10:34:14 PM
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12V 100Ah LFP
Battery Pack Voltage Sensing &
Balancing Terminal

L
© Bluetooth == 2

Handle
\ Air vent|
=) 23

/.

240V/120V USBA
AC input USB-C
DC port
T
Proposed BESS Unit Mechanical Model emperature
Sensers Power

Terminal
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Wireless Communication Interface

Battery Voltages ~ ©°CS .

““*  Command
SPEC Battery Energy Storage 12V System or
DEBUG ONLY BMS eitars) e 4
Debug T
2
Coptiones acde Cell 2 Voltage/V B ‘ Cell 2 SoC/% ‘ D 1
Cell 3 Voltage/V D Cell 3 SoC/% D ! z 2 4
PULSE MODE - :
[o_] - O conesen | 0 .
Debug Only
AC r oc . Sofl G e 3
aramcters arancters - 1|  Brick Discharze m
FLL Frequency / Hz E Battery Voltage / 7 ‘ D H T a0s amse /4 = :
Cell 2 SoH/% D ‘ Brick Charge ‘ D 1
f ‘ Il 10s Limit / A
cell 3 sos D Fl‘:: E:°:";g: ‘ D 5D 1 2 3 T 5
- T o r n| Pack Ch: o
v D | peee 0], Test Setup
Info emperature - Pack Disch - 3
b D 96Ah o . J Cont. Limit / A u 2
v w1 [ | reme *  User Interface(UI) can used to control, record
B: 'y Nin: 10V Cont. Limit / A

i data and BMS monitoring.
* Bluetooth wireless protocol enables
PC/Android wireless converter control & BMS.
*  WiFi protocol for potential IoT cloud control
Plots and online data storage.

. \SPEC

aghuangutexas. sdu

SoHs

\.Ej
o
<
£ N

AC & DC Monitor Temperatures
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1. Safety Functions

e Tiered OV/UV, OT/UT

* Current limit enforcement / overcurrent monitoring

* Charge inhibition post deep discharge / recovery through trickle charge
* EoL control — charge voltage reduction / charge inhibition

2. SoC Estimation
’ =\ * EKEF based, using a 1-RC ECM. Target accuracy: +/- 3%

BMS 3. SoH Estimation
1 * TBD. Need non-volatile memory. Target accuracy: +/- 3%

Constituents

On C2000
k DSP ) 4. Charge / discharge current limit computation (continuous + peak)

* Online, terminal voltage based computations + pre-computed LUTs

> s

* TBD. Target accuracy: +/- 5%

. Available Energy Estimation

6. Brick Balancing
* Passive, top of charge balancing, terminal voltage based

7. Time to Charge Estimation
TBD
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Summary:

. Designed the 600W 240Vac/12Vdc or 120Vac/6Vdc prototype based on a novel Series Resonant Dual Active Bridge (SR-
DAB) circuit topology. The prototype has been built and tested over the grid connection and a LFP battery pack.

. The prototype functions are validated including converter operation control, BMS calculation & Wireless communication.

Hardware:

. SR-DAB single stage topology is developed and validated for achieving PFC & ZVS soft switching.
. A 0.986 power factor is achieved under >200W test condition with THDi lower than 5%.

. A complex AC-DC control with variant switching frequency is achieved.

Software:
. BMS real-time calculation on C2000 DSP is implemented, each iteration consumes lower than 35us.
. Wireless communication enables portable device monitoring & cloud monitoring.

Future Work:

*  Close loop AC/DC control with Current Protection.
Make BESS stackable, achieve de-centralized control.
*  Optimize loss reduction & BMS accuracy.
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