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Background — 1
* Microgrids
* Flexible, efficient, and adaptable
* Reduces energy losses in transmission and distribution

* Type of energy resource dictates whether an ac or dc microgrid is deployed

No frequency A\ e
Easy to operate regulation More mature protection systems

DC
Microgrids

AC
Microgrids

Better stability and No need for
Power quality synchronization /

Many existing standards and guidelines

* Hybrid Microgrids comprise both dc and ac bus, and offer the best of both microgrids
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Background — 2

* Integration of Distributed Generators (DGs) to utility has challenges associated with:
* Smart power flow control and conversion
* Concerns over the voltage quality, protection issues, and grid stability

* DGs contribute to short-circuit currents that requires interruption by the circuit breakers

* With the presence of non-synchronous or asynchronous microgrids, fault propagation can be
prevented

* Microgrids will be consistently islanded and no additional costs needed for synchronization
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Introduction — 1
* Asynchronous Microgrid Power Conditioning System (AMPCS) 1s an SST

e It has AC-DC-AC links to enable nterconnection MYV Utility Grid

e AMPCS can be used to connect: ‘ ‘

* A grid and a microgrid
* Two microgrids

* Interconnection of DERs and DESS

Microgrid Microgrid

Y

| Ioad I IEI | Load I

 AMPCS has grid-connected converters that interface with grid and microgrids and
the dc-links enable asynchronous connections
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Introduction — 2

* Multiple approaches can be taken to interface a converter with MV ac or dc

e Modular

 Semi-modular

* Single cell

) 4 )
Modular and Semi-modular configurations Single cell configurations
Ne J Ne J
= Advantage of using low-blocking = Lower system and control
voltage switches complexity
= Economically beneficial = Higher power density
= (Can offer potential benefits in
manufacturing costs
= Benefits system redundancy in case
of faults
N J N J

Sources:
e J.E. Huberand J. W.Kolar, “Solid-state transformers: On the origins and evolution ofkey concepts,” IEEE Industrial Electronics Magazine, vol. 10, no. 3, pp. 19-28, 2016.

e M. Vasiladiotis and A. Rufer, “A modular multiport power electronic transformer with integrated split battery energy storage for versatile ultrafastev charging stations,” IEEE Transactions on Industrial Electronics, vol. 62, no. 5,
pp.3213-3222, 20
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Introduction — 3

 AMPCS 1s a three-stage, single-cell topology that interfaces medium voltage 13.8 kV grid

* Implemented using 10 kV SiC MOSFETs and 10 kV S1C JBS Diodes 1n series-connected
configuration

] Ji ] Jﬁi ] Jﬁi Ji J% Ji J% R
] I5 ] 15 ] 15 Jq In In Is J J
3 Ji 2 1= % Ji 1 % = % Ji y S 1.:.1 x 0 ox J5F % I | oz I3 % Ji | J%
r S [t B _I; r S x Jg £ o3 % Ji  § Jg Jg  § J; _Ig r S T S S
e _ ) e
& / x WM H - H H H - EE H H H H H r—mw X \ &
13.8 KV _Tl 'y Ji 3 Ji ' ¥ sz ¥ in ' ¥ in  § Ji  § Ji F § JEI;  § Ji 3 _I;]; y y in Fy Ji 13.8 KV
S_I)hase LCL—Fﬂt(!I‘ * Jt i Jt t Jt i J: t J; T J: High Frl(;qneucv t Jt ? Jt t Jt T Jt t Jt * J:: LCL Filter 3—phase
60 Hz Transf(.)rl.nersg 60 Hz
15 I5 15 I5 15 15 I > 15 > I5 >
] ] 1 ] ] ] _ ) ] ] ] il ] il
Dual Active Bridge
Active Front End Active Front End
Converter 1 24 kV DC-link 24 kV DC-link Converter 2
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System Specifications

y /S :j = 138 kv 7 g
High Frequency Transformers E‘
35 kVA, 20 kHz, 1:1 : \
Parameter Value Parameter Value 1 e
Rated Power 100 kVA | Net DC-link capacitance 90 uF t
Rated AC voltage 13.8 kV Grid side inductor 7.7 mH |
Grid frequency 50/60 Hz Filter capacitor 2 uF t} .
DC-link voltage 24 kV Converter side inductor 15.5 mH — )
fsw of Inverter 10 kHz Damping resistor 120 €2 KHV-9 10KV, 15A 51C
. MOSFET Module
fsw of DAB 20 kHz Transformer ratio 1:1

* Two MV grid-connected converters interfaced by a Dual-Active Bridge (DAB)
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Controller Overview

Grid-connected converters Dual Active Bridge
Active Front End Converter

(Grid-Following) Grid Forming Control

"ULCL Filier
. 1]
L(Q e o i Lieqp
e ~ CuT Load Vae J i J__' leak
C:f'T J 4 ) L 3-Phase Ve in J — E "g J CocT Load
3-Phase — i | fare 1"°,[ _le- % ? . Hoad L High Frequency
arid 'L e + 1 i _ : Vabe cr = abe loud Transformers T

Gate Drivers & || ADC and DAC | v %
Gate Drivers &

Device Protection ” = Gate Drivers &
Vig cr = Vae ¢y 9 Device Protection Device Protection
v ] dy load ] ahe_load f ¢ ¢
. +— .
:l/gdz4{ator &, « Vave rg Ly ate Modulator & | Modulator &
Switching logic Switching logic | @pri | Peee | Switching logic

Gate Drivers &
Device Protection

ADC and DAC
ADC and DA

|/

abc

! abc

Modulator & | = Vipe rer
Switching logic |

Va

l'y‘ load

Va «

Pl

Hardware Control

R
lg_ref

o o
Lgeom: 1d _ref -

Iy rf X
#

Converter Control
PLL, abe—dg
= [0us — Ims

Switching Control
Modulator,switching logic
= Jus — {Ous

Hardware Control
ADC, DAC, Gate Drivers efc

=0 lus— lus

Sources:

Converter Control
PLL, abcedy
= {0us— Ims

Switching Control
Modulator.switching logic
= Ius — 10us

Hardware Control
ADC, DAC, Gate Drivers etc
=0 1us—lus

Conversion Congress and Exposition (ECCE), Nashville, TN, USA, 2023, pp. 1205-1211a, doi: 10.1109/ECCE53617.2023.10362555.
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Converter Control Switching Control
PLL, abc—dyg Modulator.switching logic | | ADC, DAC, Gate Drivers etc
= [Ous — Ims = fus — us =0 us— fus

N. Kolli, H. Nath, S. Parashar, R. K. Kokkonda, S. Bhattacharya and V. Veliadis, "Operating Mode Analysis and Controller Design for Medium Voltage A synchronous Microgrid Power Conditioning System," 2023 [EEE Energy
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Operating Modes

MVGrid ¢ [ EAC Hﬁ ) i MVGrid
c oc [T IEIRNGES @
@ AC 1ilpc wem LT oc Filter
13.8kVAC E s, ./ ; 13.8kVAC
50/60 Hz 22kvDC 22kvDC 50/60 Hz
Operating Mode . State of Operation and Control .
Grid 1 Converter 1 DAB Converter 2 Grid 2 Comments
Start Normal Uncontrolled Idle Uncontrolled Normal The dc-links are energized
rectifier rectifier
Shut Normal or Disconnected Idle Disconnected Normal or The dc-links are de-energized
Faulty Faulty
1 Normal AFEC Current Control AFEC Normal Stiff grids on both sides
2 Normal AFEC Voltage Control GFC Weak grid Grid-2 needs support
3 Weak grid GFC Voltage Control AFEC Normal Grid-1 needs supprt
4 Faulty LVRT/HVRT - | Voltage Control AFEC Normal Low/High  Voltage  Ride-
AFEC Through mode
5 Normal AFEC Voltage Control | LVRT/HVRT - Faulty Low/High  Voltage  Ride-
AFEC Through mode
6 Faulty LVRT/HVRT - Idle LVRT/HVRT - Faulty Low/High  Voltage  Ride-
AFEC AFEC Through mode

Sources:

* N. Kolli, H. Nath, S. Parashar, R. K. Kokkonda, S. Bhattacharya and V. Veliadis, "Operating Mode Analysis and Controller Design for Medium Voltage A synchronous Microgrid Power Conditioning System," 2023 IEEE Energy
Conversion Congress and Exposition (ECCE), Nashville, TN, USA, 2023, pp. 1205-1211a, doi: 10.1109/ECCE53617.2023.10362555.
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Enabling Technologies — Gate Driver + Power Supply

[ 20V
A,
S oV
O
10V ad -2V
20V
5\ 20V
-
Gate (-ED 'GD O(LEIEJU
> —p  Driver ‘Su_gnal) Slgnal ;
Electrical chip Buffer
Optic signal
fibre =y
-5V
Isolated power supply provides +20V
and -5V for each gate driver
Sources:

* N.Koll etal., "Design Considerations of Three Phase Active Front End Converter for 13.8 kV Asynchronous Microgrid Power Conditioning Systemenabled by Series Connection of Gen-3 10 kV SiC MOSFETs," 2021 IEEE
Energy Conversion Congress and Exposition (ECCE), Vancouver, BC, Canada, 2021, pp. 1211-1218, doi: 10.1109/ECCEA7101.2021.9594975.
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Enabling Technologies — Short Circuit Protection

* Desatbased short circuit protection is employed

* A galvanic isolated fault communication link is established on the board for two series-connected MOSFETs and
fault detected in either of them is communicated across this link and turns off both the series-connected MOSFETs.

;
Each board has two gate drivers for t
Fa e v 4 series-connected MOSFETs —
Sk PV Y ) 1
FREEM /" T T ¢ - |
e el X 1 g

Sources:
* N.Koll etal., "Design Considerations of Three Phase Active Front End Converter for 13.8 kV Asynchronous Microgrid Power Conditioning Systemenabled by Series Connection of Gen-3 10 kV SiC MOSFETs," 2021 IEEE
Energy Conversion Congress and Exposition (ECCE), Vancouver, BC, Canada, 2021, pp. 1211-1218, doi: 10.1109/ECCEA7101.2021.9594975.
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f 00 iv] PR TELEDYNE Licror
I ,1 - | s ] Everpnhenyouook...

: ool vamoom TR VT [
Over current trip levels i s "™ i
. . lina [10A/div] "
Trip current levels at different temperatures g
are evaluated experimentally on a Double < — B

Measure Pimax(Cl)  P2max(C2)  P3ImaxiC3) P4min(C3) PS5 max(C4) PEmn(C4)  PT.max(C5)  P8:max(C6)  P9max(Cl) P10maxiC2) P11miniC1) P12 min(C4}
18.10 »‘ 4357 '»‘ 110 mV 160 mV

Pulse Test circuit o
i ., 0.0 Avdiv D | Thase Mui.w

Time [10ps/div]

Experlmental results of DPT conducted at 25°C with 3500 dc-link

Over-current trip levels Vs (T2 50‘C)[10V/c1n] Vs (TZA00°C) [10V/div PR TEE e
(\(1 =25"C)|[LOV/div]

Temperature Current trip level [ \ r \
! \ } \ \ Was (T=75°C) [10Vidiv]

I— e . =
md(T =50°C) [10A/div]  Lua (Tj 25°CYTTOAZdIVI. ]
50°C 23 A e e
0 I —— },//1 —— :
75°C 19 A L (T=75°C) [10A/diV] Ting (T=100°C) [10A/div]
100°C 17 A ; i ; o : . ;
Meﬂsme Pimax(C1) P2 maxiC2) P3:maxiC3) P4:min(C3 P5:maxiC4) PEmn(C4) __ PT.maxiC5) __ P8:max(C6) Pmax(C1} _ P10:max{C2] _ P11:min(C1)__ P12:min(C4)
alue 3570 kv 29224 160 mV -100 mV B0V 457V 110 mV/ 160 mV

f tus «

Sources: Experlmental results of DPT conducted at25°C, 50°C, 75°C, and 100°C

N. Kolli et al., "Design Considerations of Three Phase Active Front End Converter for 13.8 kV Asynchronous Microgrid Power Conditioning Systemenabled by Series Connectionof Gen-3 10 kV SiC MOSFETs," 2021 IEEE

Energy Conversion Congress and Exposition (ECCE), Vancouver, BC, Canada, 2021, pp. 1211-1218, doi: 10.1109/ECCEA7101.2021.9594975.
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Enabling Technologies — Series-connection of Diodes

e Series connection of SiC JBS Diodes

. IDic-de *linductor
* RC snubbers are used for voltage balancing v
. . DI
 Double Pulse Test 1s conducted at 6 kV dc-link == _/\’ 3 L
* Voltage imbalance of 50 V (0.8%) is observed T i_ AV,
2
:Zi %/ V across D1 : 2kV/div / V across D2 : 2kV/div %__ L
— ) e Do I N J::} VT]
—_— DiodeiCurrent : 10A/div -
9 AR N | S M T T w-SR I D JF‘} Vi,
e Jhr>" -
5A /
ﬂ = Inductor Currenti: 5A/div
Measure- - " u;tmaxfcﬂ o P2:max(C25]? i P3:ma>1:’];3u]s P4:n’1|2;nl-:’;] IiOE?nlf;foﬂ ESLLE:maxfCS] . “SF‘T:maxfC:ZZ]Si7 ) ;;i ?S-
value 3208 kV 336 kV 1012 A
SR 1B ! Toase 157 ps|Trigger EIEM Voltage sharing across series-connected 10
e m 2 kV SiC JBS diodes at 6 kV de-link

Sources:

A.Kumar, S. Parashar, N. Kolli and S. Bhattacharya, " Asynchronous Microgrid Power Conditioning SystemEnabled by Series Connection of Gen-3 SiC 10 kV MOSFETs," 2018 IEEE 6th W orkshop on Wide Bandgap Power
Devices and Applications (WiPDA), Atlanta, GA, USA, 2018, pp.60-67, doi: 10.1109/WiPDA .2018.8569088.
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* Series connection of SiC MOSFETs — 1
* RC snubbers are used for voltage balancing Vi, nducter
* Double Pulse Test is conducted at 6 kV dc-link
* Voltage imbalance of 230 V (3.8%) 1s observed

L

AAAST

= Vds of T1: 1kV/div — v R =4
K__ ‘V' Ib Usz.lk”[rdiV/ 1 / Jh} V
\ | \ ! H Tl
1 .'I \ {
[ci] | | _all l_
T D D e L D T T T J
. Iﬂ-} VT'?
‘/ o | iDiods l_
— & o el e
B Ry ~ ™~ .Diode current : 10A/div
- Inductor current : 5A/div
Measure P1:max(C1) P2:max(C2) P3:max(C3) P4:mean(F1) P5:max(F1) P6:max(C3) P7-:max(C2) P8:- - -
value 3.158 kV 2.997 kV 10.79 A
tat 4 o o . .
G EmEE ; ; Thase 8.2 [ Trigger Voltage sharing across series-connected 10
1.00 kV/d 1.00 kV/div : | m .‘ég}p P5qt[_1v kV SiC MOSFETs at 6 kV de-li
- : ge  Positive - I]n k

0.0 V offset 0.0 V offset

-1.96 kV|]----

Sources:
A.Kumar, S. Parashar, N. Kolli and S. Bhattacharya, " Asynchronous Microgrid Power Conditioning SystemEnabled by Series Connection of Gen-3 SiC 10 kV MOSFETs," 2018 IEEE 6th W orkshop on Wide Bandgap Power

Devices and Applications (WiPDA), Atlanta, GA, USA, 2018, pp.60-67, doi: 10.1109/WiPDA .2018.8569088.
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Enabling Technologies — Busbar

* DC busbar design
e Sandwiched busbar structure to mmnimize the dc-

loop inductance : ]Tus-_:}platc hj:cta;ce
nly Positive 5n
* Inductance analysis 1s done in Q3D Only Negative | 251 il
Sandwiched Busbar 60 nH

 Effective dc-loop inductance is found as 8.6 nH/inch

 Joule heating analysis 1s done in COMSOL - N

* Temperature rise of 5°C is observed for 50 A s

continuous current

297

296

. gy,
295 = 5
W 205 J

Sources: L

* N.Kolli etal., "Design Considerations of Three Phase Active Front End Converter for 13.8 kV Asynchronous Microgrid Power Conditioning Systemenabled by Series ConnectionofGen-3 10 kV SiC MOSFETs," 2021 IEEE
Energy Conversion Congress and Exposition (ECCE), Vancouver, BC, Canada, 2021, pp. 1211-1218, doi: 10.1109/ECCEA47101.2021.9594975.
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Enabling Technologies — Protection
d-State Swite " costate Swiches are.
- e nl) - S(ﬁl-d-s_;’:li:;h/ usied as circuit tEJreakers;

y ] o [ for fault isolation
.é S\ o N— F‘EDMAC C DC_NY‘Y‘\_I:.Ej - o Q> ‘3. + Two 15kV, 40 ASiC
IGBTs are connected in
B ﬂ E:_‘l B back-to-back
she—=0\D QS O——see configuration to create a
C C solid-state switch
Breaker Pruchargc Pre-charge Breaker
Fuse H Circuit Circuit Fuse
3
o T4
Surge Arrester Earthing Surge Arrester
* MV grid-connected converters act » Metal-Oxide
» Used for backup as diode rectifiers during start-up * MV side grid typically does not Varistors (MOVs)
protection process have protective earth neutral (PEN) are used
» ABB CEF-type fuse + To limit inrush currents while » Earthing through an impedance is * They clamp the
links are used charging the dc-link pre-charging necessary surge voltages
» Rated breaking resistors are used, which will be » Value of impedance is typically » Hitachi's Polim-K
current off 35 A bypassed after charging decided by short-circuit currents series are used
Sources:
N. Kolli et al., "Design of Asynchronous Microgrid Power Conditioning Systemwith Gen-3 10 kV SiC MOSFETs forMV Grid Interconnection," 2024 IEEE Applied Power Electronics Conference (APEC), Long Beach, CA,
USA, 2024.
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Hardware Demonstration — NPC Pole

: Heat Sink
Device
| be /RS Ba;]e plates
* Three-levelNPC pole Ja} 173 /s \
* All poles are tested individually and subjected to continuous operation tests J,J} 1 —
Mz x| .
Gate driver H % :
power supplics .
/ !
Gate driver 1 :
Y Low inductance :
circuit board busplates L .
, CDC-liltlk 83 -—jL ) ;
- apacitors L oad !
Forced air cooled 48§ / '
heatsink ——
._"_;
‘; Mid
[ = VDsg
Common mode choke i / I _4_(2;9%&
MR8-sn HS-Mid
Hardware setup of a modular 3L-NPC pole Viismig
Sources: Schematic of NPC pole highlighting the test measurements

N. Kolli et al., "Design Considerations of Three Phase Active Front End Converter for 13.8 kV Asynchronous Microgrid Power Conditioning Systemenabled by Series Connectionof Gen-3 10 kV SiC MOSFETs," 2021 IEEE
Energy Conversion Congress and Exposition (ECCE), Vancouver, BC, Canada, 2021, pp. 1211-1218, doi: 10.1109/ECCEA7101.2021.9594975.
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TELEDYNE LECROY | I

Experimental Results — NPC Pole

Evorpmhooyouiook |
| = T, [TOA/dV] =
Wiy, THTH 1™ i :
>>@ ,,”” “ "8 .uHHIH HH\HIun.l. ""”IH H“"'" Al H H||||||" Sl _‘ - ‘..uuHH HHH\IIML
| | | |
H | |||n H SN ||||. gl N
e povee  HearSik wuu\/Ds5 IOOOV/dw]"' I|\HII‘ I
p Rs  Roviee L LA
Parameter Value BT L ‘VW, IOOOV/dlv] I!ILN - IEHRGH
—— e i
Power 14 kW & : ;_
Ini, y
DC-link 5.8 kV Ef ’ : e B T e 1 a1 1 B —
ty T . ; ’ Time [Sms/div]
Modulation index 0.7 AV LTS . RS
’ 2 IR liv. ; \Y u \Y W
1 Pole- m1d oint olta e, loadc rrent, voltage across series connecteds itches
Losses 560 W T {14 I R | - |
Heat sink temperature 40°C 153 Y -—u— " Y { W 1 (10AdY] " m
= 8T | o i) ! L -..%‘.- AT ! IFRALL " T i
. . . Y id | Voo [2000V/div] il
b ST
peak e e Tt v [20A/div] - i ' |
. ) ; ) ‘ . I ! o Ir ) o VI_IS hhd [SOOV/dl\] -‘-:H“Ir ‘ - : 7 ) ) ) ! ) . I I I IIII ' ' 7 - I
Common mode current 20 A i | f IHHE' H’ Lt HHH‘
| i | i |
Measure P1:rms(C1) P2:maxiC3} P3:min{C3} P4:-max(C5) P5:min(CE) P6:- - - PT--- P8:--- Pg:- - - P10:- - - Bii-- - PiZ--.
value 1781 kv 148 kV -120v 888V 3054

status

Time [2ms/div]

Sources: Pole-midpoint voltage, load current, heatsmk mldpomt voltage and common mode current in choke
N. Kolli et al., "Design Considerations of Three Phase Active Front End Converter for 13.8 kV Asynchronous Microgrid Power Conditioning Systemenabled by Series Connectionof Gen-3 10 kV SiC MOSFETs," 2021 IEEE
Energy Conversion Congress and Exposition (ECCE), Vancouver, BC, Canada, 2021, pp. 1211-1218, doi: 10.1109/ECCEA7101.2021.9594975.
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1 I 1 Rb 5
 Three-phase three-level NPC Converter g5 i &3 :’i;{i*
e Three modular poles are put together for testing in 3P3L-NPC il il il
Gate drivers Col 715 J:'E|]‘ L [L£f JE{} L ii% Jﬁ} < [p(ilc'r‘_b ll.loan.ri—a
ubbg;lgircuits iLlx JE} 1 1x o1 1% Jt’J} i ic . l"‘f“ld'h
- M 2 2 C ﬁ ] PN ey - ‘éLuuu
| o) ti¥ L lx BarL f1x Rl Rij{l 'ﬂ
i <3 Jg} [ T 1% Jé} = flx Jg} L Vi Load
y JEl} I Ja} i JEI} 1 LCL Filter
Three NPC , J#} Jﬁlg- Jg}

Filter capacitors {8
with
damping resistors

Grid side inductors

Converter side inductors
(15.5 mH) (7.7 mH)

Sources:
* N.Koll etal., "Design Considerations of Three Phase Active Front End Converter for 13.8 kV Asynchronous Microgrid Power Conditioning Systemenabled by Series Connection of Gen-3 10 kV SiC MOSFETs," 2021 IEEE
Energy Conversion Congress and Exposition (ECCE), Vancouver, BC, Canada, 2021, pp. 1211-1218, doi: 10.1109/ECCEA7101.2021.9594975.
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Experimental Results — Three-phase NPC

Experimental results summary

Parameter Value
Power 25 kW
DC-link 5.5 kV

Modulation index 0.7

Peak filter capacitor
voltage

q? TELEI]YNE L |
m

l‘u 1||I||J

Vi [2000V7dv] NV [B000V V]

Measure P1.msiC1) P2:max{C3) P3:miniC3) P4 max(C5) P35 min{CE) PB-- - PT--- PB--- Pg--- P10--- P11--- P12---
valug 2,400 kV 124 A 124 A 1786 A B68A
v v

Time [Sms/div]

Line-line voltages of phases AB and BC, midpoint to neutral point
voltage, and voltage across filter capacitor

2024 FREEDM Annual Research Symposium
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TELEIJ\"NE LECROY | l

Ve [2000V/div] |

e 1“’15 ‘[]()A/d]v] i i ‘

Tyoes [IOA/du] ‘

Measure P1:rms(C1) P2:max(C3} P3:min(C3} P4:maxiC5) PS5 miniCB) PG:- - - PT.-- P8:--- P9:--- P10:- - - P11 - - PiZ--
-124A 17.96 A |71A

v Time [Sms/div] 5
Line- ]Jne Voltages of phases AB and BC, and line currents in phases Aand B

W TELEIJYNE LEERUY i
I
|

u“ di j

| IL(Jad—b [1(}A/le] ‘
Measure P1:rms(C1) P2 max(C3} P3Imin{C3}  P4:max(C5) P35 min(C6) P6:- - PT.-- PE--- Pa:. P10---- Pit-- P1Z--
5 -124A 17.96 A 714
v P

Time [Sms/div]

Line- hne Voltages measured at the load points ab and bc

and load currents in phases A and B Slide - 20
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Hardware Demonstration — Three-phase DAB

* Three-phase three-levelNPC DAB

* Six modular poles are put together for
testing in 3P3L-NPC DAB

Transformer Specifications =—_W-— _ ~

Parameter Value

Turns ration 1:1

kVA rating 35kVA

Acceptable temperature rise in transformer terminal | 120C

Primary Voltage 3.395kV, 4.5kV peak

Secondary Voltage 3.395kV, 4.5kV peak

Primary current 20A | SRy —— T B R
Secondary current 20A I

Frequency 20kHz i

Magnetization inductance (from primary) 300mH, 10 o P - =
Parasitic capacitance (inter-turn Cp) i 1200pF i ______________
Isolation primary to secondary 20kV rms -

Efficiency 99 g \J“\ = { .

Interface R— Transformer
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Experimental Results — Three-phase DAB

Experimental result:
Three-phase three-level DAB at 6.5 kV DC
bus and 28 kW load

CH2: Phase A, Phase B primary
voltages — 5 kV/div
CH3, : Phase A, Phase B secondary
voltage — 5 kV/div
CHS5 CHT7: Phase A, Phase B, Phase C
transformer currents — 10 A/div
CHS: Neutral point voltage — 1.5 kV/div
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Experimental Results — Cascaded AFE + DAB

Y L‘uuv UI\J

il jfﬁ_'u B i o A i\ 1E”_rl o o M o A, = B

- =) . P
R i 000V, /divy” ‘—r‘f _ ‘—r’f ey s
Pri- B}%@{‘hﬂ

AN TN ,r*:sc‘\ AN e
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v W “‘L.A?(.'
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e ; gk ol e M

i T ad— ...",........"',"’.‘M.“|.....-.'.'.
I into mverter [TA/div] 1§

oo
DC In: 3 kV TS 'F'oﬂ "i kv

. . Inverter : i S e
Dual Actlve Bndge easure max{C1) maniC2} mean! rma(C3) 5 rmaiC4) max(CT) max(C5)

P8:max(CE) PSms(F2) P10 meaniCR) P11 rm={CT} P12 min{C4)
walue 1307 kW 1081 kv 1482y 1.6319 kV 1.8776 kV 51T A 54T A 503 A G026 A 21088 A
,\l status o o o v ¢ ot L v v L
Ay L:l Y 1 l“ 2 e Time [5O0ps/div] :
i
i

HFT ~
Ry 2500 N

~
~
~
~
A
o rR Ay ;
) {Lonverl:j:r—A [*'A'd“_‘] HGonvenerd |27V ATV |

Maasura PimeaniCl] P2mean{C2} PImeaniC3) Pd:mean(C4} PImeaniC3l PG:meaniCh) PT--- Pa:- - - PY--- P10:- - - P11--- P12---
walue 12613 kv 1.2680 k \ BTV 18V 10 mA 48 mA
st
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AMPCS Project — Research Outcomes

High voltage Gate Driver
power supply design

Snubber optimization for 4
series-connected JBS e

Gate Driver for series-

Diodes and SiC MOSFETs N : e 7 connected devices
A novel Grid Forming : é Ei @ é % ﬁ i% Ez Ez % 3 = Operational mode analysis
Control strategy for Il 3‘.75‘ i pity p CJEE} v it b | of aSST interfacing Medium
frequency support 0 e il g s Voltage grid

, <\ F 1" d

(
N
~
24 kV DC-ink 24 kV DC-link (£l i) N
N
N

N Switching loss distribution

analysis (snubber + device)
Seamless mode transition 7 v for 3L-NPC

betweenl GFL and _(;FM b’ Over voltage protection and
controls OI;IaSgSI:II' - fault isolation for Medium
connecte Voltage 3L-NPC

T
1
I
I
|

4 1 N
1
1
I
I
|
1
1

and more....
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Thank You!

A NC STATE
PowtrAmerica  IRAMMASISIIRS
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