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Variable:SpeedDrive Inverter- Concepts

Yy Voltage ORCurrent DZink AC/AC Converters
Yy Indirect ORDirect AC/AC Matrix Converters
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DCLink AC/ACConverternTopologies

Yy FrontEndPFC Rectifier Stagé padSidePWM Inverter Stage

e J:. JE]3 |.:L* Jm‘ |.:L*

/>0

3.
P = 3(51 - Iy cosdy

%‘3 Oy O
=

o > O
h
Il

P2 Pyt Pe

U

¥ JEF Jax | JgE R s

I>0

) RE 7| %L 33 )
-2 ]

ki d )

c Canc

0 Constant 3l Instantaneous Power Flayv No LowFrequency Power Buffer Requirement APEC

ETH:zurich



S1C I Power Electronic Systems %
I"— Laboratory 1 |

 — ValtageSSource —
Convelter

APEC.
ETH:zurich 2*22



S1C I Power Electronic Systems s
I"— Laboratory 3/ 42 It

VSC SpaceVectorModulation (1)

y* Switching Considering Interlock Delay Times
Yy 23=8 Switching States
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VSC SpaceVectorModulation (2)

y* Switching Considering Interlock Delay Times i

y 23 =8 Switching States - ‘ dic 1 -ic - 4 _
- EEEE—— _i_ ..... - 1
Og ! ug PR ——
a : : ! ; : ‘

3 .
1 =1 = IJIIQIQ cos P

p O—4—> R |
Qx in W2 py | ) ®pW)i  (PPP)  (PPO); (pnm)
, 0 Tp

[ 3 "\‘SC IC 1 iA . iA 4

u=U C -ic | -lc
1 1 B T
Re, A no |

(oom)! (pnn) | (ppm) | (pnn) | (nnm) |
0 Tp

,(nnn) I q’ﬁﬁ i2,(pnn) - iA - i(prm) uz,(pl‘lll) <)

0 Continuou®RDiscontinuous Modulatigq (nnn)-(pnn)-(ppn-(ppp) OR(NnN)-(pnn)-(ppn)
APEC

ETHziirich 2% DD



S1C I Power Electronic Systems
I"— Laboratory

ETH:zurich

CureenttSource ——
Converier

I@I

APEC
2% 22



S1C I Power Electronic Systems i
I"— Laboratory 5/ 42 __ it

CSC Space Vector'Modulation (1)

y  Overlapping Switching Natural or Forced Commutation
Yy 32=9 Switching States
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CSC Space Vector'Modulation (2)

y" Overlapping Switchiny Natural or Forced Commutation
Yy 32=9 Switching States
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y' Constant DCinkCurrenh Space Vectddod.of CSR and CSlI for PFC & OMpliageControl
Yy ShootTrougiStateg DGLINkCurrent Fre§Vheeling) for Sinusoidal Current/Voltagkeaping
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3/3 CSC'Modulation’(2)

y* Constant DCinkCurren®d Space Vectddod.of CSR and CSlI for PFC & OMpliageControl
Yy ShootTrouglStateg DCLInk Current Fre®/heeling) folSinusoidaCurrent/VVoltage&haping

wof T 1] ]
SR Y S L
-200
400 ‘
. plapltpl ) oo
b B a0 B .
: . . RSN Z
______
J T W?W? %”L%”L% 1 aof L L =
o 3/ AT —
)\ Ca,b,c - )\ CA’B'C _400[) | | 5 ‘ ‘ 1‘0 ‘ 15 : 20

t - time (ms)

0 Switching State Sequence (af@c)-(aa)|(aa) -(ac)-(ab) A 3/3 Modulation | High Sw. Losses
APEC.
ETHziirich 2% 22



S1C I Power Electronic Systems i
I"— Laboratory 9/ 42 __ It

/13 CSC'Modulation (1)
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2/3 CSC'Modulation’ (2)
Yy °Syner get of CSFotagek € $iStagd
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2/3 CSC'Modulation: (4)

Yy °Syner get of CSFStagek € $iStagd
Yy 6-PulseShapingf DGLink Currené.g.by CSBtageA Allowss0AWideClamping o CSHPhase
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FundamentaFrequencyFont-End (FE)

Yy Voltage D&ink AC/AC Conveneo Energy Storage
Yy Input Diode Bridge w/ Antiparallel TransistéysRegenerativeBraking
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Indirect Matrix Converter (IMC)

y  Extension of the®ETopologyA AC Switches/ Full Controllability of Mains Interface
Yy Sinusoidal Mains Current
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IMC:Space-Vector Modulation

y" Hybrid Voltage DCink / Current D&Zink Converter
y' Positive DLink Voltage Mandatory !
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IMC.Commutation/ Modulation
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IMC'Modulation(1)
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IMC'Modulation(2)
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IMCIModulation(3)
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IMCIModulation(3)
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IMCIModulation(5)
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IMC Qutput Voltage Limit

y IMC! CascadedBudkype Structure
Yy Input-Stage OutputVoltage Reduces withicgs
y" Analogous td hyristorAC/DC Converter
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Alternative ModulatiorSchemes (1)

y LV vs. HV Modulation

1 Lower Sw. Losses (40%) & Lower CM Voltage (25%)
1 Slightly Lower Load Current Ripple
1 Input Voltage Ripple Doubles (!) HVM
1 Higher Conduction Losses
0 High Output Voltage ModulatiofH\VM)
= 3 .
= 0...% &, 3LM
0 ThreeLeveModulation(3LM)
E=1 B
2 2
LVM
0 Low Output Voltage ModulatidnvM)
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Alternative ModulatiorSchemes (2)

Yy HVvs. LV Output Modulation LVM
y" Voltage & Current Time Behavior . .
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Multi-Step Commutation
Space Vector Modulation
Waveforms
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Direct Matrix Convert§DMC)

y" Direct AC/AC Conversfprt-Quadrant (AC) Switches

L e Yy Quasi Threkevel Output Characteristic
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DMC / IMCRelation

y°lndirect »
Yy Equivalence/ R€oding of Switching States
Yy BuckType Voltage Conversion
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4-Step Commutation'dMC

y Example i-Dependent Commutation
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4-Step Commutation'dMC (1)

y Example i-Dependent Commutation
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4-Step Commutation'dMC (2)

y Example i-Dependent Commutation
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4-Step Commutation'dMC (3)

y Example i-Dependent Commutation
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