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Introduction

Compared dq-DecouplingTechniques
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MICC - 

Manipulated Input 

Cross-CouplingMID - Manipulated Input Decoupling

DCCSFb - Decoupling Cross-Coupling State Feedback

DID ï Disturbance Input Decoupling

Control Structure
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ÅThis papercomparesthequasi-continuousdq-decouplingtechniquesto variousdiscretemodeling

approachesfor VoltageOrientedControl (VOC)

ÅTo analyzethedifferent techniques, this paperprovidesbothFrequencyResponse Functions(FRFs)  

for Command Tracking (CT) andDynamic Stiffnes(DS), andtime domaintests

ÅTwo VoltageSource Inverter (VSI) topologieshavebeenused:

1. Small-ScaleLaboratory HVDC-MMC 2. Industrial Converter of a 3 MW Wind Turbine Generator
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Proposeddiscrete-time complexvectorsynchronousframePI currentregulator

with discreteDCCSFbandDID (red),MICC (blue),andMID (yellow).

DiscreteStateBlock Diagram of the RL-plant of a VSI with

MICC (blue)andMID (yellow) andfull DSFb(red).

Discretecomplex vector synchronousframe PI current

regulatorobtainedvia directmodeling(Briz, et.al, 2000).

Discrete-Time PI controllerwith DID andcontinuousDCCSFb

approachin blue.

ÅFourdifferent dq-decouplingtechniquesarepresentedandcomparedduringdynamicevents:

1. DiscreteCCVC 2. Quasi-ContinuousDCCSFb3. DiscreteDCCSFb w/ MID 4. Full DSFb
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Delay Compensationand Analysis of Different DecouplingTechniques(State-Feedback-based)

Conclusion

Determination of Required InductanceDetermination of Required InductanceDetermination of Required InductanceDynamic Analysis of the Control Techniques
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  Frequency in Hz  Frequency in Hz  Frequency in Hz 

  (a)  (b)  (c) 

 ---:  test = 3t (Lest = 1.5L, Rest = 0.5R), we = 2p500 rad/s Ƅ: test = t; we = 2p500 rad/s 

 ---: test = 3t (Lest = 1.5L, Rest = 0.5R), we = 2p50 rad/s Ƅ: test = t; we = 2p50 rad/s 
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  Frequency in Hz  Frequency in Hz  Frequency in Hz 

  (a)  (b)  (c) 

 ---:  test = 3t (Lest = 1.5L, Rest = 0.5R), we = 2p500 rad/s Ƅ: test = t; we = 2p500 rad/s 

 ---: test = 3t (Lest = 1.5L, Rest = 0.5R), we = 2p50 rad/s Ƅ: test = t; we = 2p50 rad/s 

 

CT FRFs for 2kHz switching frequency, 500Hz bandwidth - (a) discrete CVC,

(b)xw/xcontinuousxDCCSFb, (c) w/ discreteDCCSFbandMID.

DS FRFs for 2 kHz switching frequency, 500Hz bandwidth - (a) discrete CVC,

(b)xw/xcontinuousxDCCSFb, (c) w/ discreteDCCSFbandMID.

Responsein q-axis current during a simultaneousstep commandon q- and d-axis

currentof thestudiedcontrol topologies@we = 2p500rad/s,fsw = 2 kHz andtest= 3t
(Lest = 1.5L, Rest = 0.5R); (a) CVC, (b) discreteDCCSFbw/ MID, (c) discretefull

DSFbw/ MID.

Control techniquewith full DSFb; (a) control structure, (b) CT, (c) DS @ 2 kHz

switchingfrequency,500Hz bandwidth.

Open-loop step responseof various MID & DCCSFb techniqueswith parameter

estimation error for a 3 MW two-level inverter with 1Ts input delay. test = 1.5xt
(Lestx=x1.2L, Rest= 0.8xR) Stepcommand: vq,ref(t) = 0V, vd,ref(t) = 50V, we = 2p50xrad/s,

w/ delayedparametersD1-D4.

ÅDiscreteapproachesshowsuperiorcommandtrackinganddisturbancerejectionproperties

ÅThe discretetechniquesshowdifferent behaviorregardingrobustness

ÅThe advantagesof discreteapproachesaremorepronouncedat lowerswitchingfrequencies

ÅAt low switchingfrequencies(dependson ratioof Ts andt), theadvantagesof discretemodeling

becomeveryapparent, especiallyat high synchronousspeed(method2 is unstablefor someo.p.)

ÅThe examineddiscretedecouplingtechniquesdiffer in robustnessattributes

ÅDiscreteapproachesprovideenhanceddecouplingpropertiescomparedto quasi-continuous(2)

ÅTechnique(1) ïhigh robustness, but cangetoscillatory at high outputfrequencies

ÅTechnique(3) ïoverallwell-behaved. Medium sensitivityregardingdelayandloadestimation

ÅTechnique(4) ïwell-behaved. Low parametersensitivityregardingloadbut verysensitive to delay
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Discreteplant modelwith oneperiod input delay with delay compensationusing a Discrete

LuenbergerStyleObserver(DLSO).

3kHz 1kHz

Output Frequency Parameter EstimationError


