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Why do we need energy storage (ES)?
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What is the role of power electronics (PE) in ES?
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» Power electronics “processes” the power of ES and feeds the (DC or AC)
application load / grid, as necessary, to compensate for any “shortfall” in the energy
provided by the primary energy source (e.g., renewable and intermittent DERS)
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How does universality of PE help?

0 Commonality of building blocks
a Design cycle time reduction
Q Interoperability

0 Supply chain

QO Rapid scalability

Q Cost reduction

T. Ericsen, Y. Khersonsky, P. Schugart and P.
Steimer, "PEBB - Power Electronics Building
Blocks, from Concept to Reality," 2006 3rd IET
International Conference on Power Electronics,
Machines and Drives - PEMD 2006, Dublin,
Ireland, 2006, pp. 12-16.
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Differential-mode (DM) PE architecture
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OC | Building Block | DC DC [ Building Block

Module 1 Module 1

__| Building Block | | Building Block
Module 2 — Module 2

AC AC

—] Building Block | DC
Module 1

|| Building Block |
Module 2

» Universal » Scalable

» Modular approach
» Noise mitigation

» Power decoupling

> B/block: dc/dc with ES

AC

AC

> B/block with optimal
topology
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DM sinﬁle-ehase inverter

Low Module 1

ripple ¢
=" SK.

Mazumder,
"Scalable
single-stage
differential
power

W converter,"
USPTO
Patent#
9379640,
June 28,
2016.
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DM inverter with inteﬁrated Eower ecouelinﬁ

With power decoupling

Without power decoupling
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Input Voltage 450V 450V
Output Voltage gys) 219.4V 2193V
Power 994.6 W 994.4 W
Switch Frequency 20 kHz 20 kHz
DC Link Capacitor 150pF 50uF
AC Link Capacitor NO 15uF x 2
ls1 RMs) 2.407 A 3.345A
ls2 Rms) 3.852A 3.729A
lpeak (Switches) 7.458 A 11.45A
7 THD Output Current 1.51% 1.02 %

In discontinuous
modulation

L. F. M. Arruda, S. Esmaeilirad, S.
Gupta, and S. K. Mazumder, “Ripple
mitigation in augmented
discontinuous modulation scheme
based differential mode inverter,”
accepted, IEEE Industrial Electronics
Conference, 2024.
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DM three-phase inverter
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DM ES charger

§
"\ » < 386mm >
Ka Driver 2ASC- Blocking
< Motherboard 17A1HP Capacitor
’ = Fuse KIS i ' .
A = iy A S p——> ,
— Y5 o < ) > ; :
L I; el Iac E
Vp > —> L Ly |10 —Lr*SE0 :
€ ° € 5 . :
5 + :
: ;, ) e |6le ; s
a E ———
(2 ——rrn o _"L"jt'zo m |G 1+ — de ES
e +Vép olF LE ;
-[Vel y;;lELg T . Ci :
V('if --CC : Y :
-\Ved |cs t - :
Vg, _—Cb +£’?‘B Universal : SiC Six Pack Module ¥
TC” I Battery ; Cold Plate Wit
i ;C?; Charger : —o—> | SRR Pk S
+ Vs
;‘\o- I . m
s~ DC Power Controller, Sensor, . Ground-Fault
ﬂ . . L] .
Supply and auxilary circuits . Detection
—
35 o

= =

I

+ S.K. Mazumder, M. Mohamadi, and N. Kumar, “Three-phase differential mode
9 converter”, USPTO Patent# US 11,502,596 B2, Nov 15, 2022.
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DM solid-state transformer ‘SSTI
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Summary

1. Differential-mode converter is modularly scalable solution that
provides universal mechanism for energy storage at different
voltage and power levels, with single and multiphase
embodiments, with power decoupling, and with four-quadrant (i.e.,
dc/dc, dc/ac, ac/dc, and ac/ac) functionalities.

2. Unlike dual active bridge (DAB), a differential-mode architecture
can incorporate application-specific topological optimality in the
building block and may yield lower device count.
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Thank Youl!

Dr. Sudip K. Mazumder, FIEEE, FAAAS, FAAIA
Distinguished Professor and Director of LESES, UIC
President, NextWatt LLC

Ph: +1 312-355-1315

E-mail: mazumder@uic.edu

URL: https://mazumder.lab.uic.edu/
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