o P Electronic Syst
ETHziirich P I fgroorems

Motor-Integrated Power Factor Corrected
Single-to-Three-Phase AC/AC Converter Concepts

Michael Haider

Swiss Federal Institute of Technology (ETH) Zurich
Power Electronic Systems Laboratory
www.pes.ee.ethz.ch

VDE “Elektromechanische Antriebssysteme 2023"




o P Electronic Syst
ETHziirich P I fgroorems

Motor-Integrated Power Factor Corrected
Single-to-Three-Phase AC/AC Converter Concepts

Michael Haider, Dominik Bortis, Jonas Huber, Johann W. Kolar

Swiss Federal Institute of Technology (ETH) Zurich
Power Electronic Systems Laboratory
www.pes.ee.ethz.ch

VDE “Elektromechanische Antriebssysteme 2023"




Power Electronic Systems
|-I E 5 Laboratory Y 3/31

Motivation
m Reduction of Global Carbon Emissions Required m Transportation in Europe Approx.  25% of All Emissions
m Transportation Sector Responsible for 14 % of CO, Emissions m Transportation in US Approx. 29 % of All Emissions

- Goal: Decarbonization and Implementation of a Sustainable Transportation Sector

Pantograph

S

m Railway Systems: Greenest and Cleanest Mode of Transport X v

* Performance Improvements Demanded

m Focus on Pressurized Air Supply System of Railway Vehicles -
* Air Brake System
* Door Control System

* Pantograph Lifting

m General Requirements
* Compactness

* High Efficiency

* Reliability

* Redundancy

—> Unique Operating Conditions

Bogie Brake Equipment Door Control System
[Source: YUJIN]
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Application
m Oil-Free Scroll Compressor 7.5kW @ 3700 rpm iy B+
* Charge Pressure Tank "'—‘l’— Pressure
+ Vg f
m Variable Speed Operation - %
e Maximum System Performance g— 2
ic G+ E
m AC-Operation (Grid) 280...530Vrms | 2
* Nominal Voltage 400Vrms @ 50Hz Vo §
* Tertiary Traction Transformer Winding v
* Ensure Unity Power Factor Operation G-
Grid/Battery \_ Converter PMSM / Scroll Compressor
m DC-Operation (Battery) 70....110Vdc
* 0On-Board Battery ’g 600 — . |
 Startup and Grid Interruption E \ . P okW
= 400 .
m 1P AC/DC-to-3® AC Converter System o \ AC-Operation
3]
* Wide-Input Voltage Range = 200 N\ .
* Survive Grid Disturbances and Interruptions ?_,: DC-Operation P= 1kW
£ 0 ' '
- 0 10 20 30 40
- Ultra Compact 1® AC-Supplied VSD System Input Current /; (Arms)

ETHziirich VDE
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Challenge

m State-of-the-Art
* Electrical Energy Storage Cpc

i G+

Vg

1AC/DC

DC

L VpC

Dc

Ach

Inverter

Py

2w 2f Ypc Cpc

Scroll Comp.

| B

PMm

| B

m Avoid Electrolytic Capacitors (1ltr.) = Increased Lifetime

ETH:zlrich
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Motor-Integrated Power Pulsation Buffer (MPPB)

m Proposed MPPB Concept

. P, 1
* Mechanical Energy Storage J Aw = —— —
2m2fg ®Jm
i G+
TAC/DC . : ls 9 (TACIDC
’ |
Vg
v
DC
G-
Inverter ‘ Scroll Comp. Grid PFC Rectifier Inverter PMSM Scroll Comp.
A  — A nc ; A o A - A "pc _ho 2Aw
v, Ve  Vpc ® W
G
2Avpe o M
. i
I g ; _ T,
t c Ic t t
0 = () —————— 0 >
B I”G T, G T, G T, G
'ffG
A )
2P, -
Pc P Pm
0
r t
- 0 =
Ty Tg
-PO

-> Electrolytic-Less 1 AC-Supplied VSD System
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Outline

Part I: Single-Inverter Topology
i Leng it Ly Jéj J
Vo7 T

Part II: Dual-Inverter Topology

VSI 1 Open-End Winding VSI2

PMSM

BOG. . 600
Mo al  2M a2

- i 51'“'-’_'{_\‘172 Voo
o iﬁ cl e

JM

R * J[:B I} J Igi¢ie,

ETHzirich VDE
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Part I
Single-Inverter (SI) Topology

VSI

A - 2% k43

ETHzirich VDE
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SI — Topology
m Two-Stage Implementation

m I PFC Rectifier

* Boost-Type

* Totem-Pole with Unfolder Leg
* Three Interleaved HF Legs

m Intermediate DC-Link
* Electrolytic-Less
 Nominal: 650Vdc

e Maximum: 800Vdc
- 1.2kV SiC MOSFETs

m II. Three-Phase Inverter
* Two-Level
* Voltage Source Inverter (VSI)

- How to Control?

ETH:zlrich

Grid Boost PFC Rectifier VSI
L > [
Pc ~ Pprc
( P
ig X Lew g iy i Ly J:j J
— 1
| . g
Vg C,=
'
u
Yy ol ou —I|—<3 J
-/ =
Interleaved HF Legs ~ Unfolder Leg
Conv. Op. and MPPB Conv. Op. and MPPB MPPB
A Ve A Vpc
2Avp
Ic 14 ic=0A !
S ——F— + U
TG TG
Y
Pc
1 Pc=0W
I Tq

9/31

Scroll
Compressor

Py
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SI - Control (1)

m Control Objectives: PFC Operation, DC-Link Voltage and Average Speed Control
* Implemented in Cascaded Fashion
* Based on Grid Power Feedforward and Inner Current Control Loops

m Conventional Operation m Proposed MPPB Operation
. P 1 . P 1
* Electrical Energy Storage Cpc Avpc= = ;f — * Mechanical Energy Storage Jy Aw = gy Z"f o
G VDC “DC G M
. DC-Link Volt. Pc‘ + PG. iG‘ @ Te Grid Cur ™ dg . Speed PM‘ = PG..J;[ fg" 0 Te Grid Curr ™ dB
Vo' ™|  Control +:1: T Control | o g @ Control Control | o g
_ A Py’
‘ Vbe . Ve 0]
0 =" |MAF| Fv 272 0 = [MAF|Fo
’\/\/VDCT NN @
o1 o T
* d . d,
o' C:S'pee.d Py | P M;,T, ]Mq . Motor Cur: :: d: Vo' —» DC-Link Volt. Motor Cur: :: d:
ontrol T Control | _ J Control Control | _
¢ C
] — |
- . v
| w % Vp _._*DC

e
0 Te 0 Te

—> MPPB Operation: Achieved by High-Level Control Scheme Modifications

ETHziirich VDE
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SI - Control (2)

m Control Objectives: PFC Operation, DC-Link Voltage and Average Speed Control %00
* Implemented in Cascaded Fashion if, 400
* Based on Grid Power Feedforward and Inner Current Control Loops $ ¢
T 400
-
. -800
G 40
< 2
0
Speed Control g
. 5
i, .
IiG'EIL' =) dip. 131__1' Vi + Veu 'ﬁ
+ - +1 —
Z w
ig” Grid Current Control ;3 20
B Vg Vg g 10k
F
Motor Current Control YD 0 :
. + ing vid +Y | Vma 3800 .
SR 1 B=TRia E 3700 i
) {@‘ g -+ Jivg iy + Mg = \/
- —Fiu, -Riq +i 3 3600 F | ‘
e - . &
Vg Ve 3500 - .
Vog' ivg 675 . ,
~ . .
_ z— 50 V/\( e fite
Md go
£ s
Optional Inductor Voltage Feedforward Term ® I%l ‘ §
600 . -
0 5 10 15 20
Time ¢ (ms)
- Verified by Circuit Simulation for G, = 60 uF - only 8 puF/kW — Voltage / Speed Ripple 34V, / 120 rpm,,
DC

ETHzirich VDE
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Performance
Analysis

Source: Siemens

ETHzirich VDE
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SI — Comparative Phase Current Analysis
m Conventional System (ipq = 0 A) o e | m Comparison
° - 1 hio '
Torque Generatn;i Current 0 XX XX\(XXXXXXX XXX N ;;Ti If;% I;:;k
img = Imo = S_VEN Ty 1, XXX XX XXX)\XX X 200% +100%
2y 150%
m Electrolytic-Less MPPB (iyq = 0 A) o, e oo =
* Torque-Generating Current Ty U/\ M M]\ /\M M 100
o= twlteosanseol-o TN YISV =
2D e 0% Conv./ MPPB  Conv./MPPB  Conv./ MPPB
m dg-Transformation with e = pw t 2o

cos(&) sin(e)

IMc cos(e+2m/3) sin(e+2m/3)

iMa
imp | = |cos(e — 2m/3) sin(e — 2m/3) .[l

IM()

_IM()

260

0

inia Q

N\

%

0.5

Ty Ty 1.57,

Time ¢

27,

m Superposition: iy, = —Iyo [sin(ptT) t) + %sin(pi) t+4nfet) + %sin(p(ﬁ t—4nf; t)]

- Harmonic Components @ pw, p® + 4ifg and pw — 47nf

25T,

ETH:zlrich
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SI — Phase Conduction Losses

m Harmonic Components: pw, pw + 471 f; and pw — 471t f;

 Standing Waves for pw = 4mf; (100Hz) and pw = 2 f; (50Hz)
* Similar to Startup

» Asymmetric Phase Stresses -> Restricted Frequency Ranges

. fea— 120Hz fep = 100Hz frc—80Hz Seq= 50Hz 1,00 TeaTer Tee Ted Temin Semn  Sea See JepJea
~ IMO WM iMq [ﬂ I 4‘\ 4‘\ /ﬁ( iMq/f\\ ”I Ma miMq IMa qu/\ [\ e . _l P\i;lmax Ifm. TI;L: 0.1s
§ Mo ] = Py pymay 101 Ty, = 50s
5 OUMU’MM LW/ 0\ WA VARV AVEL B | R VAN 5 VAV S0 VU
£ ke \ i : i : °§

-2y i - - - : 2.00 i
Q, SPVPHU j
8 PyMa PvMa PvMa PyM: & 1.75
E 6Py o y q pl m n "a:é
I b g el B
5 N _ D vsad_ DA VL 7
2 P LS S R O 1 O B et e e T T TR
g, NN ZIIK AW I ISV IAW oo

0 0.5 1 L5 2 25 0 0.5 1 1.5 2 25 0 0.5 1 L5 2 25 0 0.5 1 L5 2 25 -150 -100 -50 0 50 100 150
Time t/ T Time ¢/ Ty Time ¢t/ T Time ¢t/ T Electrical Frequency f = pw / 21

* Total Conduction Losses Remain

—> Degree of Freedom: Number of Pole Pairs p

ETHzirich VDE
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SI — Performance Analysis: Motor and Inverter

—_~ TL,N
= 750 |
m M. Motor \ = ny = 3700 pm
* Conventional System Pymo = Pymn1 + ERSII%,IO < 500
£
* Electrolytic-Less MPPB Pyy = Pymp + %Rslfm 2 250
—
* Relative Loss Increase +25% B
= 00 5 10 15 20 25
m I IGBT Inverter Load Torque T, (Nm)
Py; = 3Vilphavg + 3f1swk1lpHavg
* No Additional Losses - High Total Losses 4 M. I. II. I11.
m II. MOSFET Inverter with dv/dt-Limitation (Miller Capacitor) 150%
2 125% +17% 2%
Py; = 3Ronlpyrms + 3flsw(ko + k11PHavg) L0 ¥
* Relative Loss Increase +17 % 1o
m III. MOSFET Inverter with LC-Output-Filter 50%
PVI = 3RonIlZ)Hrms + 3flsw(ko + kllPHavg + kZIlz’Hrms)
. 0%
* Relative Loss Increase +25% Conv./MPPB  Conv./MPPB  Conv./MPPB  Conv./ MPPB

e Peak Phase Current  +100%

- Implement and Verify Hardware Demonstrator

ETHzirich VDE
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Implementation
and Verification
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SI — Implementation

m Circuit Schematic 7
S <7 = W =1 ok Rk %,

| 1 — 1 =

o/ e/ T E= =

' b | mF e R RF | JE R R

p o T o R P RE R T
= = = = 3 x 48 kHz 60 uF (Foil) 24kHz =

m Motor Integration in Three Layers

Inverter
Half-Bridges

Encoder Unfolder
Half-Bridge

EMI-Filter
PCB

DC-Link Power and Control and
Logic PCB

CM Inductor CM Inductors Rectifier Boost-
(Motor) (Grid) Half-Bridges Inductors Capacitors Measurement PCB

—> Drive System Performance: 0.91kW/ltr. and 91.4% @ 7.5kW - IES2 Compliant

ETH:zlrich
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m Losses: 703W (91.4%)
|169W (25%) 534 W (75%) |
3p h P,
Sw  Dvem 16.6W
PVMul VMcond

PVIsw
53.6 W

m Volume:

155 x 155mm

296 W, 221W

8.2 ltr. (0.91 kW/Ltr. )

331tr. (40%)

4.91tr. (60 %)

137mm

205 mm

VDE
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SI — Hardware Demonstrator

Evirywhieropoulook

m Motor-Integrated Electrolytic-Less 1d AC-Supplied VSD System L ) o |

* Time-Domain Waveforms at Nominal Operating Point . |

 Verification on Motor Test Bench
(Specifically Developed)

- Demonstrator Matches Expected System Behavior
- Verify Design Models

ETHzirich . | VDE
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SI — Design Models

m Loss Model m EMI-Model
» Conventional System 600 W (92.6 %) * (ISPR11/Class A
* Electrolytic-Less MPPB 703 W (91.4%) * DM-Noise: PFC Rectifier @ 144 kHz ‘3“ -
* Drive System Efficiency >90% for P, > 5 kW * (CM-Noise: Inverter @ 168 kHz L4 ’
800 : . Pox 100
: .
2 ool . = 80 M CISPR 11/ Class A QP Limit 1
p 2 LM'TW“M ,,.-..,, e\ "kjﬁ
z 3 60} |
2 400 t | 7
xg ® Measurement ; ar - i ',! )
F 200 MPPB without Elco (32 mQ Devices) | | 3 — DK, Terminal x v
o — MPPB without Elco “ 20} PK. Terminal v |
-é—: Conventional with Elco ©  QP, Terminal y
i 1 1 I 0 H M | H Lol i
% 2 4 6 75 8 0.1 0.144 1 10 30
Mechanical Output Power P, (kW) Frequency f(MHz)
100 P().N
s - }CS,MP‘; 7’?M.4MP1; T] X
s Pr 7 i 1 :
E ’ — |
. / Vo
o9t ‘ ] ;
-2 ! "Ips.conv ps.meen o—m
= / y
=85y
| T
809 2 4 6 75 8 =

Mechanical Output Power P, (kW)

- In-Depth Model Verification - 103W of Additional Losses to Eliminate 1 ltr. of Electrolytic Capacitors

ETHzirich VDE
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SI - DC-Link Voltage Ripple

m LF DC-Link Voltage Fluctuations: 35V
» Caused by Disturbances

m Delay Time Reduction: 23V
* Improve Controller Bandwidth

20/31

m Feedforward Term: 10V
* Counteract Motor Magnetization Power

R TELENE 500
Evnioyaoo

/l\/v(i
| NPT N
2AvDC—10VpkpkW

div

» DC-Link Voltage Ripple matches Simulation

* Increase (.= 60 uF
* Increase £, = 24kHz

—> Efficiency, Power Density or Cost Penalty

—> Analyze Grid Interruption Sustainability
ETHzurich

f BW._conv fiSW,imp

L 4

Magnitude (dB)

|| — c1 (Conventional)
| | —— CL’ (Improved)
H ¢ Measurements

PS

Phase (deg)

2.9k 4.7k 10*
Frequency f'(Hz)

R 2ms
div
40
§ 30 b ; | |
;‘g 20 | Mof o -
10
S L \/ \/ \/ \/

05 /\ /\ /\ /\

Power p (kW)

S
q
% | B

0.0 —/

osh /[ [ N/ \ [

.10 \/ \/ \/
S 40
\: 20 + VLq 1 1
g 0
2 20 - [
=40

0 10 20 30 40 50
Time 7 (ms)

VDE
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Current Source
Based System

S, G, G, S,

4 _—p-GaN-—_FE

GaN Ve <0
| Buffer l.aier | I

Shared Drift Region

ETHzirich VDE
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SI — Current DC-Link: Topology

- M on Oljthi C Bi di re ct_i on al. G aN Tran Si St or I Grid Current Source Rectifier > I Current Source Inverter PMSM > Coicprl(::mr
PG~ Pprc &PL Pz T Py
o8 51 S, G G, S ipc Lo
1 1 2 2 -
G s . sl Y e e
(?J’LI— AIGaN /p-GaI\in\ K LEI B e
A V152> ©
aam - GaN Vo2 <0 vl _L
Gl Buffer Layer f CGT
G, B |
05, S, . . L o »|J o epp
Shared Drift Region ‘ =5 UL
m Two-Stage Implementation Conv. Op. and MPPB MPPB
e Current DC-Link ; A Ve
* 1AC PFC Current Source Rectifier (CSR) ) i
* Three-Phase Current Source Inverter (CSI) Ig K v =0V

« 1AC: 230V/50Hz

. | :
.fG | Tg 7 G Ts
m Specifications .
Vs |
Pc

* Motor: 2.5kW @ 300rad/s 2P, 2P, . 2P, .
L M
Pot\-- -f-- Py Py —
’ t t pL=0W t
0 0 — i~ 0
T, \ T, T, .
-> How to Control? -Po Py

ETHzirich VDE
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SI — Current DC-Link: Control (1)

m Control Objectives: PFC Operation, DC-Link Current and Average Speed Control
* Implemented in Cascaded Fashion
* Based on Grid Power Feedforward and Inner Current Control Loops

m Conventional CSI Operation m Proposed MPPB CSI Operation

. . P() 1 . PO 1
* Electrical Energy Storage L Aipc= - * Mechanical Energy Storage Aw = —
gy Storage Lpc DC™ 27 2/c Tne Inc gy Storage Jiv 2% 2re Bm
" DC-Link |P."+ Pg _ig' I’ Te Grid Cur. [ 5 . Speed Py"=Pg ig[° Ts Grid Cur. |5,
Ine” =™ cur Control + Control | S, w Control x Control |4 S,
\ — Py 1
Ipc Ve ™
o 7 [MAF| Fi 27, o 7 [MAF|Fw
I iDCT 4 w T
0 T, 0 To
o Speed Py | P M_*_m hq Motor Cur. ::ga 7o DC-Link Motor Cur. :ga
Control ‘ T4 Control b DC Cur: Control Control b
—-Sc —-SC
w T ’ e ‘ i T
il 3
TV __th
0 Tg 0 T

— MPPB CSI Operation: Achieved by High-Level Control Scheme Modifications

ETH:zlrich

VDE



ITED Tobaratory o v 2431
L]
SI — Current DC-Link: Control (2) -
m Control Objectives: PFC Operation, DC-Link Current and Average Speed Control =
* Implemented in Cascaded Fashion
* Based on Grid Power Feedforward and Inner Current Control Loops
I‘}G =1 xo— Vo= y
=T '?1”_'
© o o
~ v C, de
Speed Conirol 1 I')_G GH < 33 i - = - — — — i [T
w” G s — o = i
~ . 1 1 - .
2 1+ o0 RO 70y Ty PM P ¥ oy - i i il »IJ 25 . . .
— O e —— {x}—¢ 1
_— + _me 2 S, »|_| 200 . ‘
@ Moz » ‘ 150 Q /X\ hta |
@ IMAF Fo Pc’ = vsig Vo ipc e ; 0 X}% \X?(\ W\X}W /x:y:x\ /x\ Ot
DC-Link Current Control s 500
Inc® i’ al— ) I I I
iMd-:DA d I I 30 T T ] I
I |40 (B ,L SO N S L L by ° Zb > 15 - - inta ||
_?_—E _ - 4 e @ 0K 7{‘ \}rﬂ( fﬂ(\ j%/]( b m
. A Cu 5L \, e |
foc s v UV
o Vo : "uq b -50 ' ‘ . ‘ .
T -TMb 250 T T T
kV:PWPM _.lMc fo iMh iMc — 2258 w -
P ) ® Iio (] @ ““,b g E WO —A N — TN L N e D
ok 1
Fe m 250 1 I 1 I 1
2] E' £ u 0 10 20 30 40 310] 60
Time (ms)

—> MPPB Concept Enables CSI for 1AC Supplied Drives: £, = 1mH - only 0.4 mH/kW (Conventional Operation Requires Unrealistic 700mH)

ETHzirich VDE
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Part II
Dual-Inverter (DI) Topology

Open-End Winding VSI2

WU T [CT<T< J J:’_}J:‘}Jﬁ}
T R * Jé} J[.} | [3

ETHzirich VDE
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DI - Topology
m Dual-Inverter Implementation o
inct VSI 1 Open-End Winding VSI2 inca
PMSM
m Avoids Boost Stage i x [, DK D JG JE’} JE‘} i—tf‘f J[} JE‘} | i,
* No Boost Inductor | - ina_al a2
° 1 1 i iy bl ! \ b2 |
Il;lo HF Eﬂ;ifge-RLegs. ] Cf\;_":c; Comr 5 ¢, = Vo W —NE pez (o ==
* Power Buffer Require o
, g ok | | Jl;} Jl;} =i rars Jl;'} |
m Apply MPPB Concept ﬁ Py - ’
. Pc=P1 Pc2= P2
* Electrolytic-Less - - >
. 2A
m Implementation Effort oY — o~ I 5 I
* Diodes 2Ty r . g Vo A‘Tm Voea
M DC
« IGBT Six-Pack Modules L AWARWA o .
° i i 0 _;f ! 0 ———4—(;—o—hf- 2”0 -;t
Film Capacitors | T 7 T T
« OEW PMSM A A | A
2P | » 2P, | :
P, e \/NA_]/__ P, Pcr™ P |
¢ t ¢ Pr=Pe=0
0 ' — } - 0 ¢ == -
p Tg Ts P e Ts
0 sor

-> Investigate Operation to Ensure p,(t) = 0 W

ETH:zlrich
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DI — Operation

m Ensure p,(t) = v, - iy = 0 W (Space Vector Representation)

m Casel: Vp < vigmax(t) = 0.5 |vg(0)] m Casell: Vp = vipnax(t) = 0.5 |vg(t)]
* Ensure v, =0V and vi=jVp * Ensure vy hiy and vi=jVp—1,
A Jq
Vs
Vg V2 JVp=rm
~ Vimax
V. Jv,
v o\ |/ !
t
0 %%X@?; Voq V1max
14728\ NN FA
'Vl -y i A.ﬂMq
Imax iy NV
) d
Tt >
> Select [v1| = Vimax and vq |l iy
* VSI 2 Provides No Voltage * VSI 2 Provides Required Voltage Difference but No Active Power

« Zero d-Current Component * Non-Zero d-Current Component

-> Performance Analysis

ETHzirich VDE
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DI — Phase Current Stress

m Implementation With Electrolytic Capacitors
* For V= V,=125V - Grid Voltage Limit

° ‘[P

HOrms

=33A

/

Power

Motor Volt.

Currents
=)

ivg=0 |

VSI 1 Operated Continuously

VSI 1 Volt.

VSI 2 Operated Continuously

T
Vamax '

VSI 2 Volt.

Byl > A

0

ETH:zlrich

0.257; 057, 0.75T, Ts
Time

m Electrolytic-Less MPPB Implementation

* For V= V,=125V

° ‘[P

Hrms

=41A

[ VSI 1 Operated Continuously

[ [ Op. | Curr. Ctul. [ Op. |

T T T T T T T
| Vomax; |

Vaq | "2

Vaai | ! |
L i L i 1 | L

1
0 02575 0575 0.757;
Time

I

28/31

For Vimin = 360Vrms

m Electrolytic-Less MPPB Implementation
e For lV,=2V,=250V
‘ IPHrms =24A

i i 1
0 02575 0575 0.7574 Ts
Time

VDE
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DI - Performance Evaluation

m Degree of Freedom: Motor Voltage I — | m System Specifications
m Influence on — V=360 Vrms | | e Mech. Output Power  7.5kW
 Secondary DC-Link Voltage V;, — e S * Mech. Speed 3700rpm
* Phase Current Stress Zpy, T * Grid Voltage 360...480Vrms
3 1« Grid Frequency 50 Hz
j Tosiqs | * Switching Frequency 16 kHz
Vs 1.5, 27, 2.5%, 37,

. Motor Voltage 77
m Performance Indices ’

e (Conduction Losses m Normalized to State-of-the-Art

& . . .
Pavg = Z( Ipavgk + Itavg) = (with Electrolytic Capacitor)
3 <
* AVG Conduction Losses: -45%
_ 2 2 e 15 ! — V=360V
Prms= (IDrms,k + ITrms,k) S ] e B o VG:480 Vrms -
~ G= rms
k é 0.5- """"""""""""""""""" T
o = 00 | | « RMS Conduction Losses: -45%
* Switching Losses 15 . ,
) & e R ———i =
¢= 2(”T,k + lT,k)TG Sooso N |
k 0.0 ' i » Switching Losses: -15%
Ve 1.5V, 2V, 2.5V, 3V,

Motor Voltage Vp

—> Semiconductor Loss Reduction upto 30% @ V, =2V,

ETHzirich VDE
.
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DI — Control

m Control Objectives: PFC Operation, DC-Link Voltage and Average Speed Control | —___——~ |
* Implemented in Cascaded Fashion [ [ VSI20p. [ CunCul [ VSIZO0p. | |

* Based on Grid Power Feedforward and Voltage Division S
S
[+
Vg 0X & 0
Voltage Division y G g ]
(=]
s 106 ips M vy = 14 -
\3/ ; . 2. R S .
Vool 7\ Vimax JP, Vit 1 ‘\lim J_,i, it [p— iy ) i Ny ,.L v/ iy Lfl z 40
P @ 0 = E 22 % max 22 % U P = P = 20
Ing B Ing } +é Ind Qﬁ) () Ind Mg i Vig E
- =Vpc1 — 3
Vpe1 — |
Speed Control { I
- P ‘=P L] - L d o
@ M e Po Pc | Vig o a %
[ON + o TA’+TM‘ T Vpel Voltage b dy, J 3_.'9
-4 e p2 . Division v N §
it Mq la Ul q dy
@ = ]’/‘62 c _
t i N
. ow . i i <
Fa [MAF Ingd & i Ma Dbe Mc e
) : - ] Ma [+
w v, P Pe O+ md 'Md d 2 . al$ bi1o 19, cI-::j
— e
re ] | =
IMq ’Mq R, —_—
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—> Verified by Circuit Simulation for Cpcy = 50 pF - only 6.7 pF /KW
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Results & Conclusions

Part I: Single-Inverter Topology

m MPPB Concept
e Elim. Electrolytic Capacitors in 1d AC-Supplied VSD Systems
e Performance Analysis: Motor and Inverter

m Motor-Integrated Hardware Demonstrator
e Achieving 8 uF/kW within the DC-Link
® Drive System Perf.: 0.91kW/ltr. and 91.4% @ 7.5 kW
e In-Depth Validation
S, S
A
G,

G,
G
s, s,

m Dual-Inverter Employing the MPPB Concept
e Low Effort Implementation
e Analysis of Operation and Control Structure
e Semiconductor Loss Reduction of up 30%

m Current-Source Based System
e Monolithic Bidirectional GaN Transistor
e Protection of Motor Winding System

Part II: Dual-Inverter Topology

ETH:zlrich
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| —VIG:?.B[)Vrms |
— V=480 Vrms
1
1 T i
Vo 1.5V, 2V, 2.5V, 3V,

Motor Voltage V'
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Thank You!
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