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A. Static Power Conversion

1) Background of Power Converters
2) Where we are Today and
3) Whatwe have to do Tomorrow?

B. Partial Power Rated (Processing) Converters

1) Foundation of Partial Power Rated Converters

2) Voltage BalancingIssue,

3) Series Resonant Converter as a Voltage Balancing Circuit,

4) ISOP Converters with ,Intrinsic“ Voltage Balancing Capability
5) Application Cases

6) Isitgood conceptasitlookslike?

7) Abitof History

C. Conclusion
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A. Static Power Conversion
1) Background of Power Converters
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= Power Electronics is an engineering & applied science discipline
that deals with conversion & control of electric power without
(significant) losses

* [t combines several scientific disciplines: Mathematics, Physics,
Electromagnetics, Circuit & Signals Theory, Materials, etc. ,etc.
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= Power Converter is a device that converts one electric
quantity into another
o Voltage, Current, Frequency, Phase

= Could it be a resistor or a network of resistors ?

XN 7L ot

sftJT

» (Old Generation of DC and AC Variable Speed Drives (VSD)

Control
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= Power Converter is a device that converters one electric
quantity into another
o Voltage, Current, Frequency, Phase

= Could it be gresistor or a network of resistors ?

» (Old Generation of DC and AC Variable Speed Drives (VSD)
We do not use it any more...efficiency
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= Power Converter is a device that converts one electric
quantity into another
o BUT without (significant) losses
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= Power Converter is a device that converts one electric
quantity into another
o BUT without (significant) losses
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= Power Converter is a device that converts one electric

quantity into another
o BUT without (significant) losses

s(t)

0 g
PWM
TSW
Lon
uout(t) = T uin(t)dt — T_uin(t)
SW SW
0
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= Power Converter is a device that converts one electric
quantity into another
o BUT without (significant) losses

s(t)

t—

1 T,, <t< (kT t
s(t) = { s UeTsw + Eon) — Ugy (t) = wp ()
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= Power Converter is a device that converts one electric
quantity into another
o BUT without (significant) losses

we)| | AT LPF S0

PWM

S8 = {0 (KT, +t,) < t< (k+1)T,, ~ Ywl®) =0
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= Power Converter is a device that converts one electric

quantity into another
o BUT without (significant) losses

s(t)

0 g
PWM
TSW
Lon
uout(t) = T uin(t)dt — T_uin(t)
SW SW
0
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Basic Power Converetrs
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A. Static Power Conversion

2) Where we are Today and
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Where we are Today

= Power Electronics is Today part of our life !!!
= Home Appliance, Process Industry, Heavy Industry, Information & Communication
Technology, Transportation, Energy “Production”, Transmission and Distribution,
Health Care, Military......

= All this has a “signature” of Power Electronics !!!

“Power Electronics, was and still is the Essential Pillar of
Technology Revolutions”

-17- —
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Renewable Energy

Information & Communication Technology
(ICT)
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Magnetic Resonance Imaging (MRI) system

Automated External Defibrillator (AED)

S5y W T
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Military & Defense
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A. Static Power Conversion

3) Whatwe have to do Tomorrow?
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. Consumption of electric energy is increasing....
II. We need better power converters

a) Higher efficiency
b) Smaller and lighter (Higher power density and specific
power)

¢) Improved reliability

-23-
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The Main Ingrediens of a Power Converter

3) 2)
Topology Passive LC Filter

4)
H/W Controller & Drivers 5)
S/W & Control Algorithm
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A. What topology should be selected for given specification?
B. Isthere something new? Is there a magic topology taht will

solve all our problems?
History and Development of the --T-- <
Electronic Power Converter Scummon T
== R

HE THRM “deetnimie jumer con-
vertet™ nools scee defiution.  The
ubjeet muy be to comvert power from

ot b'rdup drvﬂ corrent,  Ouher

"
:u-—llhmhlmn&tnnn

wlertrie emerpy for 1l-n<.a of ootateaies-
bt Theas the nacee is u defnition

g

Prof. Dr. Johann W. Kolar 2015
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A. What topology should be selected for given specification?
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B. Isthere something new? Is there a magic topology taht will
solve all our problems?

No, Thers is no magic topology!!

We need to explore existing topologies and use them in a bit
different way....

a) Partial Power Processing Converters

b) Multi-Level & Multi-Cell Topologies

c) Current Source Converters

d) Quantum Mode Resonant Converters

-26-
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B. Partial Power Rated (Processing) Converters
1) Foundation of Partial Power Rated Converters
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(1-k)P,,
Direkt Power flow
P. J Poue PE X Pprocessed
kP,
Indirekt Power flow PpTOCQSSGd 'l’ = PE ‘l’

¥

loss:
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PPRC
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= The converter is handling a

DC-DC
*

Pout*

O R R R R A O G T Re
e et
G R R R R G RS BRI RI:

5
ciotets
5502

=
255 s
e L3588
e 2R
Sototes letstate’s
2500 SO0
e S35
Brese o088
=

I I I

e S s
R R RSO
e e e S e e B R ARSI
< paes
sisse
plecisss
foanss
foanss
foass

o 5
R A s
e e e S KIS SRR RSO

Tout

ﬁSAH

Fundamentals of PPRC

FPRC
P

bruck

g3 s
s s
* Sotetet Soletelits
S s
o ot e
o s
o s
Seless Seesetes
- s s

5%

35t
009
B

s
e

febotcel

Uni
e eetett®
%

X
s
5
20
5
it
£

20009
Jetotetered

5

2
Saet et

23

325

e
SRR,

o8
55
<
-
o
5
o
2

1n
-33-

(can be) controlled

i-PEL

on of voltage or current
1S

Iter apparent power rating

1

cti

narrow range
Active devices apparent power rating

The output

fra
LCF

1n

Full Power Rated Converter
rating

* The converter is handling full

The outputis (can be) controlled
LC Filter apparent power rating

the range 0-to-100%
Active devices apparent power

voltage and full current
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= The converter is handling a

fraction of voltage or current
The output is (can be) controlled in in = 750

narrow range pat = Uparm) £ 15%
Active devices apparent power rating in1= Uinz =375

LC Filter apparent power rating sw = Ky Uing = 650
sw = Kilpg;
L~Ujpn,
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Ja

Uint l BATTERY MODULE
2
|

Ujpqg = Uy, £ 10[%] = 44~52[V]
Uin1= Uinz = 26 [V]

Usw = ky Uin1 = 40 V]

Iy = kiljeq

L~U;pq

Upat = Ubat(n) + 15%][V]
Uin1=Uinz =375 [V]

Usw = ky Uin1 = 650 V]
Iy = kilpg,

L~Uin

PWM 15 LED Driver el 75 Battery Interface converter
Uin = 54 [V] Uin = 750 [V]
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Uout = 850 [V] U =12 [V]
Upy = 500~850[V] Uppe = 1[V]
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R

BUCK Type 2 PPRC

INDEL 2022, Novembar 9th to 12th, Banja Luka

Unn

BUCK Type 1 PPRC

OOST Type 2 PPRC
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- s
]in i rm l _ )]out
__G” C"E_ Ui Ui = Upukq
T ™~
1T C _ Vou 1
Voltage Gain [V/V] U = 1+ dk K
U, \; | 7 Ao i in + onqg — nq
! e g U- ’ Switch Voltage Rating [V] Usw = Uyuikq
................................................................................... e Switch Current Rating [A] I sw = | in
. . ky
o Switch Power Rating [VA] P, =P;, (v dk —k
BOOST Type 1 PPRC — o™ ™
bus connected in parallel with tof sw
TOP voltage U4 Input Capacitor Voltage U =U dokq
Rating c(in)

The BSC input is connected

between the input and the dc

bus mid point

The BSC operates as a Boost

converter

UY tdoky — ky

Output Capacitor Voltage
Rating

Uc(out) = Uoutk1

INDEL 2022, Novembar 9th to 12th, Banja Luka
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) 2 l
T 20 B
T
uﬂ \
PRC

Uy =Uyykq

Voltage Gain [V/V]

Uout _ dO
Ui do(1—ky)+ky

Switch Voltage Rating [V]

2do(1 —kq) + k4

Usw = Ui do(1— k) + k4

BUCK Type 1 PPRC

= Basic Switching Cell (BSC) DC
bus connected between mid
point and input,

= The BSC output connected in
parallel with TOP voltage U4

= The BSC operates as a Buck
converter

Switch Current Rating [A]

Iin
I = —
SwW do

Switch Power Rating [VA]

PSW
2dy(1 — ky) + k4

_ p.
" (d3(1 - ky) + doky)

U..
Filter Inductance Ly, = Aic(m) do(1—dy)
0J sw
U...
Input Capacitor Voltage e(in) 2d,(1—k,) + k
Rating = Uyut 0 p 1 1
0

Output Capacitor Voltage
Rating

Uc(out) = Uourk1

INDEL 2022, Novembar 9th to 12th, Banja Luka
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NN | B NN 7
U _|cn Cou] Uy = Uy
+ T F ™~
| Uout
- | Voltage Gain [V/V] =1+dok, — kq
Io { Uin
Uin > p— a)ut
U: Switch Voltage Rating [V] Usyw = Ui kq
PPRC : :
e ; Switch Current Rating [A] ISW = Iout
k
0 Switch Power Rating [VA] Pg, = Pyys 1
1+dyk, — k4
BUCK Type 2 PPRC Uk
= Basic SWltChlng Cell (BSC) DC Filter Inductance Lin — A.in 1 do(l . do)
bus connected in parallel with tof sw
Input Capacitor Voltage _
TOP voltage U4 e Ueciny = Uinks
= The BSC output connected
between mid point and the Output Capacitor Voltage U —U doky
Rating c(out) outl +doks — k
converter output 071 1

= The BSC operates as a Buck
converter

-41-
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LH Liﬂ . ]ouf:
—> —— " — | —>=
U _|Ca / | Gl Uy = Uik,
+ TN ™
- Voltage Gain [V/V] Uout = 1
i { Upn 1+dokq—ky
Un i S Vo
U Switch Voltage Rating [V] Usyw = Uyuikq
+ T PPRC ......................... Switch Current Rating [A] I sw = | in
k4
Switch Power Rating [VA] Pg, =P

M1+ doky — k4

BOOST Type 2 PPRC

= Basic Switching Cell (BSC) DC Filter Inductance L, = U_C(out) do(1— dy)
bus connected between mid Alof sw
point and the output, Input Capacitor Voltage Uc(in

»= The BSC input connected in ot = Usutk1(1 + doky — kq)
parallel with TOP voltage U4 _ U (out)

= The BSC operates as a Boost 3::&? Capacitor Voltage 2do(1 — ky) + kq
converter - ot d,

_4.2-
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Why the PPRC should be better than the FPRC?
S Boost Type 1 PPRC
L . I 1 o " The BSC DC Bus Voltage is a fraction of the
- Cul U total DC Busvoltage U; = U,,;k1=Us,
| i , a) Switchand diode voltage rating is reduced
U > — >’”U Uout i. Reduced on-state resistance
| PPRC - Rys~UZ>
e ; e i, Better switching

Different switch technology
IGBT - MOSFET
SiC — GaN...

b) The inductor fluxis reduced

i.  Smaller and more efficient Inductor(s)
c) Inputfilter Capacitor voltage reduced

i.  Smaller capacitor

-43-
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Direct Powe

Indirect Power

(b) Nlustration of Py,; and Py, in a DC-DC converter block

4 Py and Py
21
o
.~
o 08 P.m
06
4
0 l‘ulilT
02
06— %z 104 08 08 7”1 /Gain

inf 525 187 12 7 can

Puty = 0Py = (1 ~2) P, where = max (2, 22)

(c) Nlustration of Py and Py, with gain. (for non-isolated converter)

D. H. Wolaver, “Fundamental study of dc to dc conversion systems”, PhD thesis, Department of Electrical Engineering, Massachusetts Institite of Technology, Boston, Massachusetts, 1969
C. Liand J. A. Cobos, "Differential Power Processing Architectures Accounting for the Differential Power of the Converters," 2019 IEEE Conference on Power Electronics and Renewable Energy

(CPERE), 2019, pp. 88-93, doi: 10.1109/CPERE45374.2019.8980018.
C. Li, Y. E. Bouvier, A. Berrios, P. Alou, J. A. Oliver and J. A. Cobos, "Revisiting "Partial Power Architectures" from the "Differential Power" Perspective," 2019 20th Workshop on Control and

Modeling for Power Electronics (COMPEL), 2019, pp. 1-8, doi: 10.1109/COMPEL.2019.8769667.

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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Electrical Enginesring

M—

i T
v | R \ lll = I I

o—r! ——0 .
Paigy = GVI = P i i
diff = = Pout
Py =0
(a) CPM of an isolated cell (b) VA area interpretation of an

isolated cell
Py

iy I I — - ‘
s Indircct Power —; T v
@ Y P I
2 | -
1 b
(b) llustration of Pyq and Py, in a DC-DC converter block Pgigp = (G -1V 1 = (1 - 5) Poye Pagr =V -1=2Po
i o e (c) CPM of a step-down cell (d) VA area interpretation of a
kE i step-down cell
a. 08 Pair DC Part (G-1)V DC Port —l"
o6 b smm—sym | 1 [
il P 5T £ ’ G \T
. - pdify G-V | P
0.2
[ —0 |
0002z 04 06 08 1:2'5;?m 7 S o
= inf 5 25 167 125 1 ¢
Pai =V-(G—1)1=(1——)P " i
Paipy = min(Ppy) = (1 —%) Pyye, where G = max (';’(—"'%) ur G/ ™ Py =V-I= z Fout
(e) CPM of a step-up cell (f) VA area interpretation of a
(c) Nlustration of Py and Py, with gain. (for non-isolated converter) step-up cell

D. H. Wolaver, “Fundamental study of dc to dc conversion systems”, PhD thesis, Department of Electrical Engineering, Massachusetts Institite of Technology, Boston, Massachusetts, 1969
C. Liand J. A. Cobos, "Differential Power Processing Architectures Accounting for the Differential Power of the Converters," 2019 IEEE Conference on Power Electronics and Renewable Energy

(CPERE), 2019, pp. 88-93, doi: 10.1109/CPERE45374.2019.8980018.
C. Li, Y. E. Bouvier, A. Berrios, P. Alou, J. A. Oliver and J. A. Cobos, "Revisiting "Partial Power Architectures" from the "Differential Power" Perspective," 2019 20th Workshop on Control and

Modeling for Power Electronics (COMPEL), 2019, pp. 1-8, doi: 10.1109/COMPEL.2019.8769667.
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M. PLUS DC BUS

L

o

VBus

BALANCING
CIRCUIT

Unar

AY |
/

BATTERY MODUL
P
DC LOAD (SOURCE)

MINUS DC BUS

.
.

—— Boost
09 }
— Buck

— Boost
— Buck

0.8 ¢
0.7 F
0.6
0.5
04
03
02 F
0.1

0 2 i I I i I I 2 1 0
0 01 02 03 04 05 06 07 08 09 1

08 F

0.6 F

04 F

Processed power by the ISOS PPRCs
(relative to the standard converters)

Differential power by the ISOS PPRCs
(relative to the standard converters)

0 01 02 03 04 05 06 07 08 09 1
Duty cycle - dppge Duty cycle = dppgc

-46- [
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Buck-boost

(a) Buck-boost example

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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Buck-boost Viiiig
S +] |-
Vax 14 + é | I
:: in;_)ut > l e
+ output- g
— T " .' f—
I
:I: Buck

(a) Buck-boost example

INDEL 2022, Novembar 9th to 12th, Banja Luka

(b) Re-arranged buck-boost PPC
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Electrical Enginesring

* I =
vi"ll Power Vautal l__
Converter T
vln . vnut
-~ ¥ VGUtE l-- w

—N Indirect Power

(b) Nlustration of Py,; and Py, in a DC-DC converter block

4 Py and Py
21
o
.~
o 08 P.m
06
4
0 l‘ulilT
02
065z 04 05 08 7% /Gain
< Gain

~inf 5 25 167 125 1
e iy X = foue You
Pairy = min(Pyy) = (1 a) Pout, where G = max ( T2 v...)

(c) Nlustration of Py and Py, with gain. (for non-isolated converter)

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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-

- »
Fower
vinll

: Vour, | L

vin > vnut
—N Indirect Power v il v

(b) Nlustration of Py,; and Py, in a DC-DC converter block

F 3

-~

A Pye and Py
21
o
.~
o 08 p‘w
06
4
0 I’ulalT
02
06— %z 104 08 08 7”1 /Gain

<

= inf 5 25 1687 125 1

Pairr = min(Pyy) = (1 —%) Poye, where G = max (',"(—"“':"T‘:)

Gain

(c) Nlustration of Py and Py, with gain. (for non-isolated converter)

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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B. Partial Power Rated (Processing) Converters

2) Voltage BalancingIssue,

-51- —
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i Voltage Balancing Issue!
The following has been e
assumed: Lot |
a) The Input or Output is spilt T _\l T |
voltage source \ n |
- Uy = k1Upyus i > A 1%“‘
" U= —k1) Upu I sk |
b) The voltages ratio is constant
regardlessonthe @ = ————
input/output current
variation

* [n some specific applications the input (output) source (load) is

(could be) split voltage source
= PVstring
= Battery string..

_57.
INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL



M universitat
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The following has been T
assumed: Ly | T
a) The Input or Output is spilt T _\l T w| 6 ]
voltage source \ T Vs
" Ui =EkUpyu Lhe >écgz: =
" Uy =(1-k1) Upy e PPRC U
b) The voltages ratio is constant |
regardless on the ——— —
input/output current
variation

= However, in most of real applications that is not a case
= Thereis a ingle voltage source or a passive load that must be spilt into
two voltage sources..
= The DC BUS capacitor is split into two series connected capacitors
= Similar to Three-Level NPC and T type converters!

-53-
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* The DC BUS spilt into two cells

* Cp1,Cpy— Uq,U,

But, no Meal for Free!
injects average
current i into the dc bus caps.

« The PPRC

mid point!

* Steady State Condition: The
caps. average current must be

zero!

« The current i, must be
canceled by i;, current!

Voltage Balancing Issue!

nnsbruck "ower !lectronics Lab.

Uout - Uin
k1Uout

lg =ip = Iy

& Uy =kiUyy

INDEL 2022, Novembar 9th to 12th, Banja Luka

]iﬂ ’ NY\LIH ~ _ " 10m‘>_
Ao \l Cul |
f\ _‘l /\ ECBI U
| J T

=
Un H—t— R | U
- (B2
PPRC =
120
100 k,=0,30

= k,=0,5 \

X 80 1=0

ol 60 \\ \\k1=0'15

=

:’": 40 \ \

S N \

O
20 AN
0

50 60 70 80 90 100
Input Voltage [%]
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m ex La ‘l\_)lll"-." ng

TOP INPUT - OUTPUT —

— ]iﬂ ’ NY\ l _ _ " Icaut‘)_
2 MR NN 5
PPRC U: —~ e l T Co f

_ ROoyic R B
Uin L > < L > ] Uout U \ 10\ ;Ib

VBD ECBZ

N
Y
VBD
<
&

Cr2 PPRC ——
U: A~ || T U

Voltage Balancing Device (VBD)

a) Two Terminal Device (INPUT & OUTPUT)
b) Uni-Directional or Bi-Directional
c) Isolated or Non-Isolated

_55.
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BOTTOM INPUT - OUTPUT e
— Iin ) Ym l _ ' _ . 10m‘>_
Ch: ——GH \ CE—?
PPRC U 4~ T _l T | U
VBD T
U fo iv Ly I | \ :1'0; :1},> § I
:CBz2
Wk T/ PRC TR,

Voltage Balancing Device (VBD)

a) Two Terminal Device (INPUT & OUTPUT)
b) Uni-Directional or Bi-Directional

c) Isolated or Non-Isolated

-56-
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TOPINPUT - BOTTOMOUTPUT oo
o Ly rin l - oo
Cs1 __C;" \ C‘E_é
PPRC Ur < O, T _l T | U |
. . T |
U SIS VEND S Unue Un ) Ly i § lou
| %CBZ
A~ s > L I I S pRe T
Voltage Balancing Device (VBD)
a) Two Terminal Device (INPUT & OUTPUT)
b) Uni-Directional or Bi-Directional
c) Isolated or Non-Isolated
_57.
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I
TOP INPUT - BOTTOM OUTPUT ] j}Dz
4>_\
| Cari =
Ca1 U —<
PPRC U A~ O, T ,
| | Us NS b | v | Une
Uin R 2 Vo : ’ '
PPRC ) Cor
Cs2 2
=1 (Cour) T
Uv: 1~ 1D
VBD is an ordinary 2L hard switched converter wovuLaror | 2.1 HSBC

a) Easy control -
. Ui=1-d)Uyy & d=1—-k, 1
b) LargeInductor Ly
= The worst case condition d~0,5
c) Full voltage rated switches & diodes |,
d) Switchinglosses

INDEL 2022, Novembar 9th to 12th, Banja Luka
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Duty Cycle d
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i Voltage Balancing Issue! wd i DEL...
L
TOP INPUT - BOTTOM OUTPUT Dz
Cr1
PPRC U A~ O,
I. . Us Une
Ui SN SN 8 U :
Csz
v: o~ LI D
y
VBD is an ordinary 2L hard switched converter mobuLsror | 2.1 HSBC

a) Easy control

» U;=1-d)U,,; & d=1—kq
b) LargeInductor Ly

= The worst case condition d~0,5
c) Fullvoltage rated switches & diodes
d) Switchinglosses

I"

0 02 04 06 08 1
Duty Cycle d
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B. Partial Power Rated (Processing) Converters

3) Series Resonant Converter as a Voltage Balancing Circuit,

-60- —
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PPRC

SRC as Voltage Balancing Device

TOP INPUT - BOTTOM OUTPUT 4,

lo

U:

_)_g

U:

Cs1
=

Cs:z
e

/1

RS

VBD

nnsbruck "ower !lectronics Lab.

—>—

L —
Ui

i

Ui

Io

AY

/1

Cai

PPRC

4

U

AY

/1

Crz

MODULATOR

SRBC

1. Petar]. Grbovi¢, Philippe Delarue and Philippe Le Moigne, “A novel
three-phase diode boost rectifier using hybrid half-DC-BUS-voltage
rated boost converter,” /EEFE Trans. Industrial Electronics,Vol. 58,
No. 4 pp. 1316-1329, April 2011.

2. Miroslav Vasi¢, Diego Serrano, Pedro Alou, Jesus A. Oliver, Petar].
Grbovi¢ and Jose A. Cobos, “Comparative Analysis of Two Compact
and Highly Efficient Resonant Switched Capacitor Converters”,
Applied Power electronics Conference, APEC 2018, San Antonio,
Texas, USA, March 4t to 8t 2018.

INDEL 2022, Novembar 9th to 12th, Banja Luka
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ex La 'l(_)lll"-." ng

L.

Series Resonant Voltage

Balancing Device (SR-VBD) U
a) Two switchingcells (1-2 & 3-4)
connected across the bottom and the
top dc bus capacitors PPRC Ciz
b) Aresonanttank (Lg Cg) connected U
between the cells
c¢) Thecellsdutycycled = 0,5

Cai

)|
/1

U Io In

4
N

AY
/1

MODULATOR SRBC

d) Switches & diodes voltage rating is

half of the Output VOltage 1. Petar]. Grbovi¢, Philippe Delarue and Philippe Le Moigne, “A novel

6) Zero Current SWitching three-phase diode boost rectifier using hybrid half-DC-BUS-voltage

. . rated boost converter,” /EEE Trans. Industrial Electronics, Vol. 58,
f) No large l.ndllCtOl‘S requlr.ed No. 4 pp. 1316-1329, April 2011.
g) More devices and gate drivers 2. Miroslav Vasi¢, Diego Serrano, Pedro Alou, Jesus A. Oliver, Petar].

. Grbovi¢ and Jose A. Cobos, “Comparative Analysis of Two Compact

h) Resonant capamtor current stress and Highly Efficient Resonant Switched Capacitor Converters”,
Applied Power electronics Conference, APEC 2018, San Antonio,
Texas, USA, March 4t to 8t 2018.
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= 1Qinesring

One cycle switching sequence...A..B..C..D

+ 3 54\ } @
¢ ﬁ &
. } ),
s
P . . Vs+Vpr
N
' Ldl r u
| Cr
Ny S ™
C) N ir
= () % Lr
MODULATOR ¢
Bp=ir
X S51=0N
R $3(D3)=0N
< Tr/2: >

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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m 1Qinesring

One cycle switching sequence...A..B..C.D

Da T
3 A @B
CS S : jR‘ + S|+ 3
, ~[>o—>\}03 |Ck > () CD
Ii Dz Io I Vst vor Io
SN l} %’J ) 5 .
Sz, Cr J_ #
+on T~
D N >0 } + ; S [+
\ SORNE - ¢ e
MODULATOR -
GO Ib=ir
R 53([1);)=0N S1=0FF
< Tiy2 > or >
T

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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witching sequence...A..B..C..D

~ PLUS DC BUS
Da [ T T
o @ e
C) IR> S + S + S + I'R
e B Je S0 ® o .
Is S5 T
> Dz Io I vt vor Io Io Is
— } Lr > } +O +, - + m
82 | Cr J_ # Vs+Vor
+ .~
) Dr T ~ N
() ~[>o—>\} o AT Ir S |+ p S|+
S ~Q % La O : Q)
MODULATOR - MINUS‘DC BUS
b=ir AT D=0z
) $1=0N Pid ~
R S3(D3)=0N S1=0FF L7 .
S3(D3)=0FF 7 \
D g car - ey G G G G ED  aD - G- . — — A - o o - g am am em mm e e e \ =
7 A Y
\
< DT » S4=0N
< /2 > S2(D2)=0N
Tow/2
Iz
INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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SRC as Voltage Balancing Device

) =
- '4 Iz [
Y ¢

‘ B

ey ..«

nnsbruck Power ! lectronics Lab.

- Elex al Enginesring [
One cycle switching sequence...A..B..C.D
~ PLUS QC BUS ~
Dq f T
A @ Lo Lo
C) 1R> i S [+ S [+ Ir AT
o e 50 ) o 1. ¢ .
> D2 Io y/3 vt vor Io Io I Io
| SN l} %LR > — —— —— " ——
52 _ Cr J_CR Vs+Vor
+ ™
0, N »—|>0—>\} o Ar ix S |+ S L+ o AL
~Q % La O e Q) >
MODULATOR - MINUS‘DC BUS
Ib=ir ’,‘ ~. b=
s 53217;0:]\;1\/ S1=0FF .’ \\\ o
S3(D3)=0FF ,’ \ _ S2(D2)=0FF
o o o e or o o» ar aa\arier o S e — — 5 o on o - g om om on en e s - \on! an - Ipay) = on o o -
I'd A Y
« DT > S4=0N « or > !
< /2 > S2(D2)=0N
Tin/2 Tiw
Iz
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— Electrical Enginesring

g _> ( Ty Tp
+Y | — 0<t<—
(_); "2 Ty 2
3 : 0 E<t<TSW
U- _* _i ETSW Tsw <t< TR+TSW
Cr); b2 TR 2 2
- _|>o_> Tp+T
| R "W t<T,,
| I . 2

In Steady State the resonant tank current i, (t) is pricewise sinusoidal current

» L - TSW
with pause DT and constant magnitude I,. = i, g -
R

-67-
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lUr':':‘SerCk SRC as VOltage BalanCing DeVice nnsbruck "ower !lectronics Lab.
Average model of SR-VBD
Ai
SR-VBD b(av)
— o o L.,=U;—-U
' AT e 1 2
Ca1 0,51p A 2
pprc| U <> v w2 (T, 2
NG _ + L, = LR? T
Uin lo ) :)ﬁ} Le Uout R
o <§ In Steady State average current
o~ i must be constant
[jf T 0,5is 2 ) b(av)
Y S Aib(av) —0 > U.=U
The switches and diodes are not ideal..... Voltage mismatch between U,& U,
_ Uout + Sgn(ib) (sz + VDF) . Uout o Sgn(ib) (sz + I/DF)
UZ - & Ul —
2 2
-68-
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= IHnSOElCk OUTLINE i-PEL

- Electrical Enginesring Innsbruck Power flectronics Lab.

B. Partial Power Rated (Processing) Converters

4) ISOP Converters with ,Intrinsic“ Voltage Balancing Capability

-69- —
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innsbruck

[SOP as Voltage Balancing Device

Flects I st nnsbruck "ower "lectronics Lab.
m ecinca VI(}III!‘.“V lI.;

= Voltage Balancing is a MUST and it is additional burden in most of the
applications

= Insome specific applications, the voltage balancing device can be an
intrinsic feature of the converter

= Input Series Output Parallel

s50°P

}L"” (ISOP) ISO Converters
# 3§ \4 * One Cell can be used as a VBD
= No additional VBD is required
= Power distribution is not
Cour, .
T~ U symmetrical between all cells
[ ¢l
Y 36y
G |\l |
Ua 7N \T §§ \
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innsbruck

[SOP as Voltage Balancing Device

Flects I st nnsbruck "ower "lectronics Lab.
m ecinca VI(}III!‘.“V lI.;

= Voltage Balancing is a MUST and it is additional burden in most of the
applications

= Insome specific applications, the voltage balancing device can be an
intrinsic feature of the converter

» The same concept can be used
with Input Parallel Output
Series (IPOS) ISO Converters

= OneCell canbeusedasaVBD

= Noadditional VBD is required
| = Power distribution is not
symmetrical between all cells

;(§g % Gl | y

\|
S

-71-
INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL



B universitat e
& innsbruck i-PF f

ISOP as Voltage Balancing Device I-FEL

i k-4
ok nnsbruck Power lectronics Lab.
ectrical Enginesring

= Voltage Balancing is a MUST and it is additional burden in most of the
applications

= Insome specific applications, the voltage balancing device can be an
intrinsic feature of the converter

= Similar concept can be used

e an £ with Single Transformer Multi-
=~ Input ISO Converters
T y L il = No additional VBD is required
the - * ;;g Y = Ve = Power distribution is not
" e e | 33 symmetrical between the
Y |3t windings!

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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& innsbruck i-PF f

ISOP as Voltage Balancing Device I-FEL

i k-4
ok nnsbruck Power lectronics Lab.
ectrical Enginesring

= Voltage Balancing is a MUST and it is additional burden in most of the
applications

= Insome specific applications, the voltage balancing device can be an
intrinsic feature of the converter

A S
> [ —IYYL_)—
l Coltt
Ei % Crl| U ? ;:
f g = Similar concept can be used
G L T ey ‘( . . .
v~ | | 355 e with Single Transformer Multi-
M B Output ISO Converters
! = No additional VBD is required

= Power distribution is not
symmetrical between the
windings!

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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2 innsbruck

ISOP as Voltage Balancing Device

ok nnsbruck Power lectronics Lab.
ectrical Enginesring

= Voltage Balancing is a MUST and it is additional burden in most of the
applications
= Insome specific applications, the voltage balancing device can be an
intrinsic feature of the converter
= Similar concept can be used

oy with TOP Input-BOTTOM
C 1 o OutputISO VBD
§ - | [T = U,to U, voltage ratio is not
! N e R 3N constant
§ —_— . Uout < Uin (BUCK)
Sl 1, 2% I = The converteris PPRC + VBD
T " = DAB
1 / = SRC
= LLC
= PSFB

-74- L
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= IHnSOElCk OUTLINE i-PEL

- Flectrical Enginesring Innsbruck Power ! lectronics Lab.

B. Partial Power Rated (Processing) Converters

5) Application Cases
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® innsbruck Case 1: Battery Interface DC-DC I-PEl

i ity --—v
Unit o

= e nnsbruck Power ! lectronics Lab.
1Qinesring

Interface DC-DC converter for grid connected Li-Ion battery energy storage

system
- UB(min) = 400[V] - 2 ~ = -1
" UB(max) = 580V[V] "I:f 4& "I:f
" Upys =700 [V] . E
" fsweeprc) = 280 [kHZz] v _-'_ T m -y S Rad
" fswesr-vep) = 80 [kHZz] E’ ‘|q} ‘|q} ‘Iq} § e §
= SR-VBD | L S s S = 5 RE
= IGBTIKW75N65ELS §= § _— i S é
] . (T gl <= 7, o Q
PPRCE: IMOS IPZ60RO17CT | 5 @ o R
= 00 = N
- = 2 NN
W 5
2@ o
i

s P.]. Grbovi¢, “Partial Power Rated DC/DC Converters: A Way to Go Beyond the Limits”
= 30kW
= >99,5% Efficiency...>50kW/dm?3 & 25kW/kg....Si Only (no WBG)!!

-76- L
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¥ innsbruck Case 1: Battery Interface DC-DC 1-PEL

Salos Innsbruck Power Flectronics Lab.

- Electrical Enginesring
................ e a . "
w J_L-- T 3 g
4| | — R <| . 4 1
z @ T 3 §
ig _I 1k
L
SRBC ;— L L) L) L) L) L L L L)
............................. 1 me—
0.9 ~— Differential |
0.8 4
k ——1_dPPRC 5 0.7 B
PP 2-d z
PPRC 8_ 0.6 i
v
> 0.5 .
1 —dpppc =
Kaisr = 2 = 04 i
2 — dPPRC ~
0.3 .
0.2 J
0.1 4
() 1 i i 1 1 i L 1

0O 01 02 03 04 05 06 07 08 09 1
Duty CyClC - dppRc

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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= innsbruck Case 1: Battery Interface DC-DC I-PEL

Salos Innsbruck Power Flectronics Lab.

Electrical Enginesring

................ M,,J},J}u. a "
I oy }
BRE | O
| ——— 1 £
s [ T 2 L 1R
. _I.- j.- 'ﬁ'} _| 4 R
< (=] TN
ol T ﬁl} q}u | T E Rad
' H H 4 N
g i i & >R
=L | [ PR <| g f8d
2- T o % \
L
oL
Input Batt. Current === Mid Point Current 100
w—Resonant Peak Current Duty Cycle 99,9
99,8
160 1,2
140 =27
1 = 99,6
o 08 o & 995
=100 8 g g
E 3. .g 99.4
$ 0 0z 993
= =
3 A 048 992
40 ] o 99,1
20 2 99
0 0 98,9
350 400 450 500 550 600 650 700 350 400 450 500 550 600 650 700
Battery Voltage [V] Battery Voltage [V]
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B universitat .
¥ innsbruck Case 1: Battery Interface DC-DC 1-PEL

ik Innsbruck Power Flectronics Lab.

Electrical Enginesring

m " ~Te \
R | K LN
P : 4|
[——— ] | E
? _— H $ {
il J_L- T )e : \
@ ek e : = REY
HeaE i ol ||
g' T M M E = 23
s @ ] 22 18 K2y
oy | [ PPRE ‘| |8 R&Y
2- T o % \
.

——SR-VBD Total Losses Boost Total Losses Total Losses ——SR-VBD Total Losses Boost Total Losses Total Losses
300 1,2
250 1
= 200 - 0,8
3 g
3 150 306
©n ©n
1 1
o 9
- 100 - 04
50 | —— 02 |-l
0 0
350 400 450 500 550 600 650 700 350 400 450 500 550 600 650 700
Battery Voltage [V] Battery Voltage [V]
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= innsbruck Case 1: Battery Interface DC-DC I-PEL

ik Innsbruck Power ¢ lectronics | ab.

Electrical Enginesring

................ e — T
FRiRE | 45 [N
T M é q| -
= |8
7 { : A [l
¥ J_L- T o {8 N
st AR | KT 0
E : il a (TR
| T » M e i1a REY
¥ e 1 |EREY
=1 | [ peRE <| JERE
i@ | 1€ R3S
3 £ s Q
§= T 3 % \
s L |
e FPRC  ===PPRC ===VBD == (PPRC+VBD) e (PPRC4+VBD) = FPRC
200 100 —
180 99,8
i
= S
£ 120 E""v‘
‘;‘. 100 £ 99,2
£ : -
“ 98,8
40
20 98,6
0 98,4
350 400 450 500 550 600 650 700 350 400 450 500 550 600 650 700
Battery Voltage [V] Battery Voltage |V]
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= innsbruck Case 1: Battery Interface DC-DC i-PEL
ik Innsbruck Power Flectronics Lab.
qd}q@q% ............ a ............. — x ZVS & InterleaVing
s J_L=_|._ " ‘IE"}EA ] o g ) Vpiock € 350 [V] - ZVS required
1| — PC o . - H B Inductor current waveform:  Aiy > 2[;,,
s = B BN
- -I | - Interleaving to reduce input current ripple:

Input current ripple [A]

0 1 2 3 4 5 6 7 8 9 10
Time [us]

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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¥ innsbruck Case 1: Battery Interface DC-DC i-PEL
ik Innsbruck Power Electronics Lab.
qa}q;{}ﬁl% ............ c.’; ............. — § ZVS & Interleaving
s J‘L=-|" " ‘IE"}EA ] o g ) Vpiock € 350 [V] - ZVS required
g: .......................... - N - ¢ 1H ¥ Inductor current waveform: Ainp > 21,
ie = 3 2N
- -I | - Interleaving to reduce input current ripple:

-30

[nput current ripple [A]
o = —
S © © ©

-40

0 1 2 3 4 5 6 7 8 9 10
Time [us]

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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= innsbruck Case 1: Battery Interface DC-DC I-PEL

Innsbruck Power ‘lectronics Lab.

............... qd}qd}% 0, . ZVS & InterleaVing

_

\|
7

Vbiock € 350 [V] - ZVS required

Inductor current waveform: Ainp > 211,

/ 3X400V 50HZ GRID
/////////////////////

580V 60kWh Li-lon Battery
AY|
/1

ffdsnsuwuw
:

— e
3-LEVEL T-TYPE GRID TIDE CONVERTER

- Interleaving to reduce input current ripple:

:
|

Input current ripple [A]

o 1 2 3 4 5 6 7 8 9 10
Time |us]

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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= innsbruck Case 1: Battery Interface DC-DC I-PEL

Unit of

El i Innsbruck Power tlectronics Lab.
- ectrical Enginesring

M M, M i i Q N
BRRE | K[
H 1H i ; -
[—— i P E
—— - A~ 4=
'J_I—- i g & - N
@ H - i : (= R2Y
Bt Rk | KT
;: A il wE ] {E Ra
5 i § o i 8%
ol | PPRC ; é {2 REY
| ] | EREY
E- : | §
2 4 ;
@ T ,|e g g
@ _I |
] g
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= innsbruck Case 1: Battery Interface DC-DC I-PEL

Unit of

Electrical Enaine Innsbruck Power lectronics Lab.
m ecinca ngine«nng

ery

—+
Lot
)

/ ;<_|a \
/

| i
LEVEL T-TYPE GRID TIDE CONVERTER

/ 3X400V 50HZ GRID
SIIIIIIIIIIII IS 227,

60kWh Li-lon Batt

fitunueuwew
3
—

580V

:
|
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= innsbruck Case 1: Battery Interface DC-DC I-PEL

Unit of

Electrical Enaine Innsbruck Power lectronics Lab.
m ectrival EnQinesring

Ty

7

/ 3X400V 50HZ GRID
SIIIIIIIIIIII IS 227,

60kWh Li-lon Batte

| i
LEVEL T-TYPE GRID TIDE CONVERTER

580V

AL
ot

:
|
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mn_sbruck Case 2: Nano-Satelit Power Supply

Unit of
Electrical Eng

IEEE PELS International Future Energy Challenge Student Project

nnsbruck "ower !lectronics Lab.
[

= Power Supply for Nano Satellite = Qutputs:
* Input2 x PV Panels (20Vmax & 3Amax) = 5V@4A
= Storage Battery (8V 2600 mAh) " 33V@5A
PPRCBOOST 1 PPRC. BOOST 2 VBUS 22V SR-VBD i-PELSAT 060
B8 [T
P o Jow L H’}Ms —% OUTPUT BUCK
;l: T —":]} —"f]} MP 11V —I _
X X H 3" H} E}
Caus1 E —":} ‘I ‘I Lo o BATT
T | fimrmomn i
! Loutt Couts| Cout| Cous '
GNDe . —":1} —":]} —":]} T T T: GND
A 4 4
DSC Control |
-87-

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL



M universitat

& innsbruck Case 2: Nano-Satelit Power Supply i-PEL
ll'JI:i:v.?fnl Enainesring Innsbruck Power Flectronics Lab.
IEEE PELS International Future Energy Challenge Student Project
= Power Supply for Nano Satellite = Qutputs:
* [nput2 x PV Panels (20Vmax & 3Amax) = 5V@4A
= Storage Battery (8V 2600 mAh) " 33V@5A

IPELSAT_ Ot

=
=
=
=
=
=
=
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& innsbruck Case 2: Nano-Satelit Power Supply I-PEI|

: - I [ -
Unit of

ok nnsbruck Power lectronics Lab.
— ectrical Enginesring

IEEE PELS International Future Energy Challenge Student Project

= Power Supply for Nano Satellite = Qutputs:

* [nput2 x PV Panels (20Vmax & 3Amax) = 5V@4A

= Storage Battery (8V 2600 mAh) " 33V@5A

Maximum power consumption [W] 5 55

Maximum PCB weight (8] 200 34 17 [%]
Maximum dimension (L x W x H) [mm] | 90x96x25 78x87x8,7 27 [%]
Maximum voltage ripple@ 5V, 4A [mV] | 100 18 18 [%]
Maximum current ripple@ 5V, 4A [mA] | 120 12 10 [%]
Maximum voltage ripple@ 3,3V, 5A | [mV] | 66 14 21 [%]
Maximum current ripple@ 3,3V, 5A | [mA] | 150 12 8 [%]

INDEL 2022, Novembar 9th to 12th, Banja Luka © i-PEL
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innsbruck Case 3: Hybrid DC BUS Capacitor
'r’l"” | Jo— nnsbruck Power lectronics Lab.
e ¢ Jinesring [
Rated Power [kW] 3
Input Voltage [V] 110
Input Current [A] 32 RECTIFIER e BU.S INVERTER
S2 Sa
Output Voltage [V] 3x220 _IK _||< _IK .
DC BUS Voltage [V] 350 T Lin 2
: 2 S S
DC BUS voltage Ripple [V] 50 2 — . e
: 7T~ Lin %
Life Time [h] 30k = N
T S1 S3 a
1« (e

<> <> <>

ASIC CONTROLLER

DIGITAL SIGNAL CONTROLLER
STM 32F 303
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innsbruck Case 3: Hybrid DC BUS Capacitor

r|--.;',-c:.,|r,.(..,[.,m e nnsbruck "ower !lectronics Lab.

INVERTER

4«

GRID 110V 60Hz
3x0-240V 0-100 Hz

N

1K K
<> <> <>

ASIC CONTROLLER

DIGITAL SIGNAL CONTROLLER
STM 32F 303
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innsbruck

Unit of

Electrical Enginesring

Case 3: Hybrid DC BUS Capacitor

nnsbruck "ower !lectronics Lab.

An Ordinary Rectifier Rectifier with Active Voltage Balancing
Rectifier current [A] 32 32
DC BUS 60Hz Current [A] 16 0
DC BUS 120Hz Current [A] 9.33 9.33
DC BUS HF RMS Current [A] 8.93 8.93
DC BUS Equivalent RMS Current [A] 21.56 12.04

DC BUS DESIGN

Selected Capacitors Epcos B43547E2227M0 | Epcos B43547A2337M0

220pF/250V 330 uF/200V

20 cells in parallel /series 10 cells in parallel /series
DC Bus Losses [W] 22 8
DC BUS Capacitors Volume [cm?] 2454 122.7

SR-VBD DESIGN
Resonant Balancing Circuit Cr: CGA9P3X7T2E225K250KA (12 in parallel)
Ly : Custom Made Inductor
Switches: IPB64N25S3-20 (3 in parallel)
Resonant Balancing Circuit Losses [W] 15
Resonant Balancing Circuit Volume [cm3] 15
COMPARISON

Total Losses [W] 22 (100%) 23 (105%)
Total Volume [cm3] 245.4 (100%) 137.7 (56.5%)

INDEL 2022, Novembar 9th to 12th, Banja Luka
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B universitat .
 innsbruck Case 3: Hybrid DC BUS Capacitor I-PEL

Unit of . -
B f
- Electrical Enginesring Innsbruck Power tlectronics Lab.
Tk Freviu | i ] - [E—1
e & Trigger
I Source
. :
% ] " g 1 chn
g | , : i
a Mg L 2 1
Z Ri } ) 5 3 0; " Ch2
N £ O 4 =
B e e ] . IR . | BT
\ i ch3
ASIC CONTROLLER :
DIGITAL SIGNAL CONTROLLER ] Chd
STM 32F 303 |

[ 12 1o v oy A TR -
E e

3 004D ! 1 of
[ 50605 e
Maode
Sowrce o ||I'|g Slopa Lesral
Yie normal
Edie [H07 i £ W.2A | g Holdatt
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Unit of
Electrical Enginesring

Case 3: Hybrid DC BUS Capacitor

Tk Frevu f ] - [—1
'y A Trigger
I Source
\ N
% g ch
g :
2
g < Chi
\ &
Ch3
ASIC CONTROLLER
DIGITAL SIGNAL CONTROLLER Chd
STM 32F 303 |
[ 14 Ll 1 11 L e -
ifiar A e
ﬁ 100 A4 6 : Tof 3
[ 5060 %
Made
Source o Ilng Slopa Leval
ype mormal
Edie [H07 i £ W.2A | g Holdatt
Tek Prevu E { »-
L1
Ch1 Mean
353V

chs 100AD

Math 100V

4.00ms 0[50.60%

Ch2 Mean
56 vV

Math Pk-Pk
208V

Cha RMS
14.2A

14 jun 2022
19:11:42
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Unit of
Electrical Enginesring

Case 3: Hybrid DC BUS Capacitor

I-PEL

Innsbruck Power ‘lectronics Lab.

- -

Tk Freviu | i - [E—1
RECTIFIER DCBUS INVERTER E —ﬁ TW'
I Source
\ N
% g chn
g :
z
g < Chi
N &
Ch3
ASIC CONTROLLER
DIGITAL SIGNAL CONTROLLER Chd
STM 32F 303 |
EMEE 100 v T 0 A TR
ifiar A e
ﬁ 100 A4 6 : Tof 3
[ 5060 %
Made
Source o Ilng Slopa Leval
ype mormal
El:l;e [H07 i £ W.2A | g Holdatt
Tek Prevu E e ] »- Tek Stop k
v
Ch1 Mean
353V

Ch2 Mean
56 v

Math Pk-Pk
208V

Chd RMS
14.2A

b

Chds 100AQ

Math

1006V

4.00ms 1 [50.60%

14 jun 2022
19:11:42
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Ch1 Mean
355V

e

Ch2 Mean
56 v

4 Math Pk-rk
. 230V

Ché RMS
4.4 A

b

100V

SCh1 B0V NChZ BO0V UMA.00ms A Cha £ 17.8A
Ch3 10.,0A G Che

10.0A0
4.00ms 1 50.60 %
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ik Innsbruck Power Flectronics Lab.

Electrical Enginesring

, GRID 110V 60Hz
A4
3x0-240V 0-100 Hz

ASIC CONTROLLER

DIGITAL SIGNAL CONTROLLER

STM 32F 303
. " ) bl =
z l(x) A /\ A A /\ z 2() | | | .‘ | ’. ‘ | fi l‘)
= D AT AT ANAN A B
= L > i S S R g WS
$ -100 = 5 i
20| ~ =10
0.2 0.22 024 026 0.28 0.3 0.2 0.22 024 026 0.28 0.3 0.2 0.22 024 026 0.28 (0.3
t[s] t[s] t [s]
20 =
E 10 ,_*:_‘ 10
= g S
= 10 3 5 = 5
f " - . :; “ - W o = o - - - - -
() el
0123 45607S89Y1011 0123456789101 01234567 891011
Harmonic number Harmonic number Harmonic number
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- Electrical Enginesring Innsbruck Power Flectronics Lab.

B. Partial Power Rated (Processing) Converters

6) Isitgood conceptasitlookslike?

-97- —
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Unit of
Flectrival Enginesring

[sit good as it looks like?

nnsbruck "ower !lectronics Lab.

It looks like the PPRC is an exotic concept that could solve lot of

design issues

= Extreme efficiency and power density...
= Various industrial and commercial applications..

Jrar

:'""""n

2 |V :

1S E JAN

) ol mm
= : ! | CI
B : : +0 Usw
S E l sl ¥ ,I\
E | Uinz , Upv

]
= i i
] I y

e ___ !

PWM 0
© i-PEL
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Unit of
Flectrical Engines

[sit good as it looks like?

nnsbruck "ower !lectronics Lab.

It looks like the PPRC is an exotic concept that could solve lot of

design issues

= Extreme efficiency and power density...
= Various industrial and commercial applications..

= Allis working perfectly fine...Until something goes wrong...and then ®
= Again, no meal for free!!

Jrar

BATTERY MODULE

---------

INDEL 2022, Novembar 9th to 12th, Banja Luka
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S — Is it good as it looks like?

Electrical Engines

nnsbruck "ower !lectronics Lab.

It looks like the PPRC is an exotic concept that could solve lot of
design issues

= Extreme efficiency and power density...

= Various industrial and commercial applications..

= Allis working perfectly fine...Until something goes wrong...and then ®

= Again, no meal for free!!

INDEL 2022, Novembar 9th to 12th, Banja Luka
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IU?":‘Sbruclk IS it gOOd aS it IOOkS like? nnsbruck "ower Iecfrdnics ab.
It looks like the PPRC is an exotic concept that could solve lot of
design issues

= Extreme efficiency and power density...

= Various industrial and commercial applications..

= Allis working perfectly fine...Until something goes wrong...and then ®
= Again, no meal for free!!

Short circuit fault on the input is
a realistic scenario
a) Bottom Switch S1 will be revers
polarized =
= The switch and entire converter §
will blowup >

Fault management and protection is MUST...which is not for free!
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B. Partial Power Rated (Processing) Converters

7) Abitof History
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[s the PPRC concept a new concept?

ADKINS, B. , GIBBS, W. J. Polyphase Commutator Machines. 1951
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[s the PPRC concept a new concept?
* [Infactnotatall, the PPRC conceptis going back to 1930s ...

R T iphEse R
@ S— T —"
Brushes Auxiliary
. induction
Slip o TEBpA ] achine
rings
M) ' ki )
Main T
motor TT T %
4 E - g.
-~ Starting
Regulating _J J resistance
transformer
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[s the PPRC concept a new concept?
* [Infactnotatall, the PPRC conceptis going back to 1930s ...

b) Static Scherbius Drive
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[s the PPRC concept a new concept?

In fact not at all, the PPRC concept is going back to 1930s ...

c) IGBT Based Double Fed Induction Machine
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A. Static Power Conversion

1) Background of Power Converters
2) Where we are Today and
3) Whatwe have to do Tomorrow?

B. Partial Power Rated (Processing) Converters

1) Foundation of Partial Power Rated Converters

2) Voltage BalancingIssue,

3) Series Resonant Converter as a Voltage Balancing Circuit,

4) ISOP Converters with ,Intrinsic“ Voltage Balancing Capability
5) Application Cases

6) Isitgood conceptas itlooks like?

7) Abitof History

C. Conclusion
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A. There is no a magic topology that will solve all our
problems....

B. There are no new topologies, all we use today and we will
use tomorrow is well known since long time ago...

C. We need to explore existing topologies and use them in
different ways

a) Partial Power Processing Converters
b) Current Source Converters

c¢) Multi-Level & Multi-Cell Topologies
d) Quantum Mode Resonant Converters
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A. Partial Power Processing Converters
a) Promising concept for various applications
b) Extreme efficiency and power density is possible
c¢) High level integration is possible and necessary

d) However, fault management is a problem that still
remains unsolved

e) Without appropriate solution, the PPRC concept cannot
be deployed in most of applications!
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Thank you for your time

If you may have any qustion, please contact me

petar.grbovic@uibk.ac.at

igor.lopusina@uibk.ac.at

www.uibk.ac.at/mechatronik/i-pel/
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