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Introduction

A This papercompareshe quasicontinuousdg-decouplingtechniqueso variousdiscretemodeling
approachefor VoltageOrientedControl (VOC)

A To analyzethedifferenttechniquesthis papemrovidesboth FrequencyRespons&unctions(FRFSs)
for Command Trackin¢gCT) andDynamicStiffnes(DS), andtime domaintests
A Two VoltageSource InvertefVSI) topologieshavebeenused

1. SmaliScaleLaboratory HYDCMMC 2. Industrial Converteof a 3 MW Wind Turbine Generator
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DiscreteTime Pl controllerwith DID andcontinuousDCCSFb

Discrete State Block Diagram of the RL-plant of a VSI with
approachn blue

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

A Fourdifferentdg-decouplingechniquesrepresentedndcomparediuringdynamicevents
1. DiscreteCCVC 2. QuasContinuousDCCSFDBb3. DiscreteDCCSFbw/ MID 4. Full DSFb
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Dynamic Analysisof the Control Techniques
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(a) (b) (c)
-1 test= 3t (Lest= 1.5, Rest= 0.5R), up=2p500rad/s 1: fest=t; we=2p500rad/s

---1 lest= 3t (Lest= 1.9, Rest= 0.5R), ne = 2p50rad/s b: test=t; ne=2p50rad/s

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

(b) w/ continuousDCCSFh (c) w/ discreteDCCSFbandMID.
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Control techniguewith full DSFh (a) control structure, (b) CT, (c) DS @ 2kHz

switchingfrequencyb00Hz bandwidth
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Frequency in Hz Frequency in Hz Frequency in Hz
(a) (b) (c)
b test= t; we=2p500rad/s

b: test= t; we=2p50rad/s

-1 lest= 31 (Lestz 1.9, Rest= OSR), We = 2p500rad/3
---. lest= 3t (Lestz 1.9, Rest= O5R), We = 2p50rad/s

DS FRFs for 2 kHz switching frequency, 500Hz bandwidth - (a) discrete CVC,
(b) w/ continuousDCCSFh (c) w/ discreteDCCSFbandMID.
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Responsan g-axis current during a simultaneousstep commandon ¢- and d-axis
currentof the studiedcontroltopologies@ 1, = 2p500rad/s fg,, = 2 kHz and /= 3¢
(Legt = 1.5L, Rogt = 0.5R); (a) CVC, (b) discreteDCCSFbw/ MID, (c) discretefull
DSFbw/ MID.

A Discreteapproacheshowsuperiorcommandrackinganddisturbanceejectionproperties
A Thediscretetechnigueshowdifferentbehaviomregardingrobustness
A Theadvantagesf discreteapproachearemorepronouncedtlower switchingfrequencies

Delay Compensationand Analysis of Different Decoupling Techniques(State-Feedbackbased

Discreteplant model with one period input delay with delay compensatiorusing a Discrete

LuenbergeStyle Observel(DLSO).

3kHz 1kHz

o

Openloop step responseof various MID & DCCSFDb technigueswith parameter
estimation error for a 3MW two-level inverter with 1Ts input delay /.o = 1.5¢
(Legi = 1.2L, Rog¢= 0.8 R) Stepcommand vq’ref(t) =0V, V4 redt) = 50V, 1y = 2pS0rad/s
w/ delayedgoarameter®-D,.

A Discreteapproacheprovideenhancedecouplingpropertiescomparedo quasicontinuoug?2)
ATechniqug1) i highrobustnessbutcangetoscillatory at highoutputfrequencies
ATechniqug3) 1 overallwell-behavedMediumsensitivityregardingdelayandload estimation
ATechnigug4) i well-behavedLow parametesensitivityregardingoadbut very sensitiveto delay

Conclusion

A At low switchingfrequenciefdepend®n ratio of T and?), theadvantagest discretemodeling
becomevery apparentespeciallyat highsynchronouspeedmethod? is unstablgor someo.p.)
ATheexaminedliscretedecouplingechniquesliffer in robustnessittributes
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