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An overview of grid associated wind energy
conversion systems control strategies
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Abstract--- “Wind vitality transformation system (WECS) ” is assimilate through utility framework by
means of “power electronic converters” which assumes a significant job in combination with wind
control interested in the electric network. The primary power eminence unsettling influences because of
incorporation of “WECS” to matrix are variety on power & sounds. To keep up matrix management &
to preserve all out symphonies twisting (THD) inside operational breaking points, suitable control plans
are essential on behalf of said network flank converter. Primary target of framework cross controller
that controls said power conveyed to said matrix, network management, headed for hoard great capacity
to lattice & headed for meeting lattice code consistence. In particular work governor plans utilized in
framework interfaced wind vitality change framework aimed at generator part & network part wise
converter monitor, are assessed completely. The work exhibits a relative investigation by rotor flux
situated govern and “direct torque control (DTC) ” methods connected at generator part converter about
“permanent magnet synchronous generator” (PMSG) driving by wind turbine machine. For framework
part converter, different govern plans that grown for the most part dependent at “voltage organised
control (VOC)” or on “direct power control (DPC)”. The exhibition by VOC put together monitor
framework fundamentally depends with respect to strategy connected that controls current. A near report
performed among them & analysing are arranged. Reconciliation prerequisites by wind turbine from

framework, matrix management & necessity of checking unit are likewise talked about.

Index Terms— DPC, Grid interface, PMSG, Synchronous virtual flux oriented control (SVFOC), WECS,
PWM.

I. INTRODUCTION

Most promptly rising technology through the improvement in MW capacity in renewable power generation are
“wind turbines”, “power electronics” and “large power generators”. We can generate electricity easily and cost
effectively with the help of renewable sources. In relations by consistency and proficiency the recent the higher rank
wind turbine calculated be greater hierarchical “voltage source converter (VSC)” based “permanent magnet
generator (PMSG)”. In offshore applications the completely governable “voltage source converters” latches the
arcade little by little on said adjustable speed wind turbines through a straight effort multi pole PMSG. In the wind
energy various power electronics topologies are being used and the utmost auspicious “permanent magnet

synchronous generator (PMSG)” through “full scale power converter”[1].

“Variable speed wind turbine”, “aerodynamic converter’, “an electric generator” and “power electronic
interfaces” as employed at WECS to change the generators output into the appropriate procedure. In modern wind
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turbines the meticulous rectifiers & the inverter through the numerous inverting interchanging scheme was
employed. All of them has its own relative demerits and merits. The harmonic distortion and the voltage fluctuation

are the key matter on said grid associated breeze energy systems based on converter[2].

It’s significant about ensuring said grid is accomplished by keeping all voltage and frequency limitsin operation f
or all estimated WECS and consumer load combinations while maintaining transient grid stability. Extraordinary
power eminence inoculation employing proper deliberate switch approach have be in trend to control the current

organized PWM inverter for the inter-connection of wind energy conversion system by said grid[3].

The two parts by said grid connected control scheme by grid-side governor and generator part monitor. To attain
extreme power through the basis the generator side switch is preferred. In recent times, some controlling algorithms
are used power quality solution in grid connected inverter. To achieve the following things the grid side inverter

control is used

Grid synchronisation[4]

. Power feature enhancement through harmonics recompense on PCC
. Switch by DC-link voltage

. Controlling by reactive power

. Control to active power delivered to grid

For the controlling of grid current through grid side inverter switching pulse, controlling scheme used current
control loop. In synchronous reference frame the three phase currents are transformed. To attain the unity power
factor the instantaneous reactive and active power is controlled. The two cascaded loops controls the grid connected
inverter: an outer voltage loop and the grid current is regulated by inner current loop, the system’s power flow is
balanced by the proposed design.

This paper discourses the controlling techniques employed at wind power transformation system on together the
generator part as well as the grid part changer by the “PMSG generator” as per the present grid codes through
normal & fault circumstances. The present generator part converter & grid part converter strategies as studied on the
following sections as sec 3 and sec 4 in sec 5. Grid side controllers controlling strategies are analysed and compared.
The current operating methods by “voltage source converters” has common advantages and disadvantages. A basic
requirement of the WECS towards grid as mentioned in section 6. Said grid synchronizing and observing required

unit through grid associated system as referring to segment 7. Section 8 accomplishes said paper.

Il. WECS’s CONTROL SYSTEM

An important apprehension of said enactment by the wind turbine is control system. Such modules are

responsible for extracting said power through wind by assuring that said grid to the delivered power encounters a
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required interconnection. Controlling approaches practiced into altered parts by said winds turbine with dissimilar
objectives. Overall controlling scheme block illustration is stated below in Figure 1[5].

Table 1

Distortion limits for six pulse converters[6].

The full controlling of the system is provided by “PMSG with back to back voltage source converter”. Hence, to
connect the grid the common power system is practiced. To maximize power the controlling scheme generating side
switch is performed for controlling the rotors speed. The dc-link voltage well-ordered of the grid part converter

results the reactive power as well as active power as accepted of said grid.

Odd harmonics Limit in % Even harmonics Limit in %
3rd-9th <40 2nd-8th < 1.0
11th-15th <20 12th-16th <05
17th-21st <15 18th-22nd <0375
23rd-33rd < 0.6 24th-34th <0.15
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Figure 1. WECS overall controlling levels.
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Figure 2. WECS organization of machine side converters.
I11. CONTROLLING STRATEGIES BY GENERATOR PART CONVERTER
Decoupling of the torque and flux control is practiced by the controlling techniques by said generator part. The
approaches used to generator part converter in WECS based on full converters are direct torque control and vector
control. Both of the controlling techniques have analogous dynamic reactions & all of them permit distinct switch by
said reactive & active current constituents (either flux or torque) by said generator. The engine part converter
organization as visualized in Fig 2[7].
I11.1. Field leaning controlling approach
The d-axis “stator current” component as fixed to “zero” for obtaining extreme torque at smallest current & for
controlling the generator. Hence, iq needs to control the generator torque. The PMSG vector control method loops
are external speed switch loop & inner current switch loop. Three phase reference current generation is achieved by
external rapidity loop which entails rotor location & its speed. “AC-DC, IGBT-PWM converter” regulator detailed
block diagram as visualized below in figure 3.

The “reference current Iy by the generating quadrature alignment as deliberate employing Eg. 2 on speed error.
3 :
T, = 5 Paqpkig (1)
iorer = Kpew+Ki / e, dt 2)

Measured speed and reference speed error difference is denoted as ey, <D-axis and g-axis voltages” are calculated

by using current controller.
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VE= Kyi Aig+Kij / Aigdt—aw,Lgiy (3)

V;: Kpi Aiq+Kii/ Al’th-i—(!)r(l-bid‘*‘(ﬂf(/)rn) (4)

Here Aid-“d-axis current error”, Aig-“g-axis current error” and or, wrLqiq are decoupling expressions.
Furthermore, “dg—abc transformation” is practiced & specified for said generation of said gate pulse through said
“PMSG-side converter”. The external voltage by said PMSG as meticulous through said active rectifier. According
to this controlling approach, the optimal utilization of the generator is observed by the torque production by
absorbing total current.

Table 2:
Relative analysis by DTC & FOC

Parameter FOC DTC

Coordinate transformation Required No required

Rotor position Required precisely  Required approximately
Coupling between P and Q Poor Better

Parameter sensitivity Poor Better

Torque and harmonic ripple Less More

Dynamic response Poor Better

Current protection Better Poor

DSP time More Less

Inverse Park & Clarke
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Figure 3. The generator side converter field oriented controlling strategy block diagram
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Figure 4. Generator side converter direct torque controlling strategy block diagram
I1L11. Directed torque controlling strategy

The power & torque is projected & right controlled using straight controlling strategy, ensuing fast algorithm and
less complex. Direct torque control method’s complete block diagram is shown in figure 4.

The inner control loop is eliminated by the DTC method and there is no requirement of transformation between
reference frames. For the generation of switching pulse of the converter, the flux angle and hysteresis comparator
output as employed straight. The generator part controlling method enactment as assessed via ripples into torque and
current.

Chief problem by the DTC as said fluctuating changing frequency prerequisite that is hard to resolve. According
to progressive controlling procedures, controlling employment as performed for shifting breadth by the “hysteresis
band” operational or employing synchronize renovation, that takes additional time for the summing by CPU which

lasts the advantages of the DPC method.

IV. GRID PART CONVERTER SWITCH STRATEGY
This switch is impartial by category of generator employed & organization by energy transformation levels by
airstream power transfiguration system, said grid aspect organiser is commonly in charge by first-rate by said
generated power, grid synchronization & said grid code compliance. The figure 5. Visualize WECS grid part

changer[8].
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Figure 6. Control of Synchronous voltage oriented using PI controllers.

IV.1. Synchronous voltage preoccupied by means of PI controllers
Voltage concerned with manipulation as normally employed in grid converters. As “VOC coordinate
transformation” among static & synchronous allusion structures stands finished to manage grid side converter.

The reactive and active power produced by conversion of wind energy are calculated in equation 5 and 6

3 . .
Q= i(eq‘d —eqiq) (6)

If the synchronous position frames has affiliated in said grid voltage vector absolutely of d-axis, the power
equation will get summary if eq will be zero. Equations 7 and 8 clearly indicates that the direct axis id is directly

proportional at active power and quadrature axis iq as directly proportional to its reactive power.
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3 .
P=§edld (7)
3 .
Q= —3 €dlg (8)

The active power being operated of the “d-axis Pl controller” & “reactive power” as organised through said “g-
axis PI controller”. The “DC-link voltage controller” is provided by “d-axis reference”. Three Pl controller is used
the operation of the under synchronization with the grid. To get the unity power factor the “g-axis reference” fixed

by zero.
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Figure 7. Stationary VOC with proportional resonant controller.

“Voltage oriented manipulate (VOC)” technique is being executed said power feed into said grid. An “LC filter”
embedded in the middle of voltage supply inverter & grid for reducing harmonics of an inverter part voltage &
cutting-edge & enhance strength exceptional by said “wind energy conversion system (WECS)”. Projected
technique being applied with writer the use of “digital signal processor (DSP TMS320F240)” that shows validities

by projected model & sure its realistic sovereignty in WECS.

IV.11. Synchronous virtual flux associated controlling with Pl control
By means of Figure 8 “VFOC, virtual flux as acquired through incorporating said network voltage. Matrix
voltage & flux as in quadrature & because of “low pass filter” reaction by “integrator virtual flux” being less
vulnerable by lattice unsettling influences. Matrix edge 6 can be determined by bend digression strategy offers
restricted execution and elements as problematic in being tuned. Greater flexibility may gotten through PLL, if
elements being tuned through “Pl controller”. Subsequently, “VFOC offers” increasingly strong answer for

aggravated framework.
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IV.111. Power control through space vector modulating mechanism

The VOC strategy is a direct power controlling method; the fast calculated reactive and active power is a main
point of the DPC strategy. This is unlike to VOC technique as current controllers are eliminated by this & the
SVPWM replaced the PWM modulator block. In any case, for exact control the inspecting recurrence needed to be
developed as it changes with change in working conditions. Space vectors tweaking based arrangement had been
offered to beat the issue of multiple exchanging recurrence. The reference voltage got straightforwardly through the
power controllers for the space vector modulator. The ideal converter changing example is to be chosen based on the
dynamic and responsive power request and relies upon the immediate position of the network voltage space-vector.
If there should be an occurrence of “mutilated network conditions™, “hysteresis current” control instead of SVM
gives more power. In any case, because of expanded calculation of “hysteresis current control”, mark as problematic
to actualize into minimal effort DSP innovation. The “control structure for DPC-SVM with PLL” is spoken to in
Figure. 10.

Space-vector adjustment had picked up notoriety amongst said quantity by PWM technique utilized by 3-stage
converters because of quick improvements in microchip. The “space-vector table” is primarily utilized to ascertain
the obligation cycle of said switches that is additionally utilized by said advanced working by PWM modulators.
The conspicuous attributes of room vector balance are: ability to execute carefully and an expansive direct

adjustment go for “line-to-line” yield voltage (Figure 11).

IV.1V. Virtual fluxes DPC with SVM

DPC plot that rely upon virtual flux instead by said line voltage vector direction is termed VFDPC that provides
lesser symphonies mutilation & sin wave line current. Primary issue by VFDPC system is multiple exchanging
recurrence that origins issue in structure of “EMI filter”. For digitized execution of hysteresis comparators high

inspecting recurrence was needed by rapid microchip. Subsequently, it is hard to execute in factory applications.
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Figure 8. Synchronous virtual flux oriented control with PI controller.

val i

r
PLL v
—
é,
* la
! g Id la% SA
PI + dyq la
L Jap — s |
Prmeasure T HA| — N
Ih N—
Veders d SB Z
- " W77 S8 | R
77— p HB|™ | LD"_‘ T
1he Ic —
)* Pl E aff abc Ie* A J:I—' SC g Transformer Grid
Iq — £ §SC| S
o f—, N B _ HO__
PI Controllers Inverse f’ark Inverse Clark
Transform Transform

Figure 9. Adaptive hysteresis current control block diagram

The “reference voltages V*a, V*B” are creating by current controller. In SVM, 3-stage inverter is cured as a
solitary module. There are 2 switches in every limb of inverter subsequently 8 selective conditions, every one that
decides a “voltage space vector”. Six dynamic conditions in “voltage space vectors” structure the pivot of a
“hexagon and entire space get partitioned into six segments numbered from 1 to 6” as appeared in Figure 12.
Adjacent to that the 2 zero-vectors U0 and U7 that are likewise termed as latent ,vectors exists to the focal point of
hexagon. Said point in between 2 nearby vectors is 7=3. An appropriate blend of dynamic and zero state vectors are
required to appraise a provided reference voltages that creates as reasonable to actualize carefully utilizing
microchip. The estimation of room vector Uref whenever is determined from time averaging zero-vectors & said

contiguous 2 “dynamic space vectors” such as pursues.

U= (UMO*'U*'* *';':H‘&n*u.'h) a2

Where Uk and Uk+1 are the adjacent active vectors, Uo and U7 are the zero vectors. A t1, t2, t0 and t7 are time
of respective voltage vectors and Ts is the sampling period.
SVM can be implemented through the following steps:

e The calculation of reference voltage Urer & angle (0).

Uier = (u?,-lyuf,) (13)
Ug
0 = tan (£ 14
U (14)
o  Approximation of the segment from said angle calculated in previous step & comparing it with every angle
sectors.
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Fig. 11. Virtual flux DPC with SVM.

e  Computation of the modulation index and the time duration ty, t, t; and t7.

m:li,;' (15)

4 =—‘g—3 mT sin ((z/3)—0) (16)
V3 :

Ly :Tm'l‘, sin (0) (17)

Lo+t =Ts—t; -1ty (18)

In SVM, in its place of using triangular carrier reference, Equations 16 & 18. The converter bridges duty ratio is
calculated by the above equations. The vector swapping sequence for sector 1 can be written as under and sampling
periods of space vector is shown in figure 13.

U0-U1-U2-U7-U2-U1-U0 (19)
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The SVM heartbeats can be produced after computation of t1, t2, t0 and t7. Exchanging design must ensure least
change starting with one vector then onto the next. The SVM technique diminishes exchanging recurrence and has

lower sounds.

V. COMPARATIVE ANALYSIS OF CONTROL STRATEGIES USED FOR GRID SIDE
CONVERTER

All looked into past effort basically tended to the problem of best appropriate controlling methodology aimed at
network interface VSCs. A few strategies had been offered for the most part dependent of voltage situated
controlling & power controlling. Focal points and hindrances by VOC plan & DPC plot had been illustrated by
Table 3. This had been discovered by said voltage arranged controlling framework significantly relies upon said
exhibition by current control technique. The principle procedures for controlling yield current by a “current-
controlled voltage source converter” incorporated either factor exchanging recurrence technique, for example, HBB
and killjoy prescient current controller or fixed exchanging recurrence plans, for example, synchronous reference
outline with corresponding vital Pl control and inactive referencing outline through PR controlling through SVM.
The correlation of normally utilized current controlling conspires in network interconnection VSCs had been stated
by Table 4. PI controlling results in enduring condition blunder into following by sine-wave references signal that
causes sounds in the present waveform. In this manner, a poor THD of the current is acquired. PR control had been
offered as a choice for PI controlling in writing. Presentation of said PR control & PI control with R-L burden &

enduring state activity by said present controlling circle is illustrated in Figure. 15[7].

VI. INTEGRATING WIND TURBINES WITH GRID

WECS assimilation with grid are dissimilarity in power & harmonics results the main power quality
disturbances. IEC 61000-4-30 defines standard process that measures its power quality disturbances for 50/60 Hz
supply systems. Different wind turbines have different power quality characteristics. For connecting WECS with

grid said basic requirement can be potted as[9]-
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Figure 14. Triangular carrier SVPWM.

e  Acceptable voltage level to all the consumers connected to the grid should be maintained.

e  Power balance should be maintained between all generation units and consumer demand.
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e  The harmonic distortion in system voltage or current may be kept below the limit specified.

VII.GRID SYNCHRONIZATION AND MONITORING

The injected “inverter output current into the utility network must be synchronized with the grid voltage”. To
extract “phase angle of the grid voltage” the synchronization algorithm must be used. That converts it into the proper
referencing frame said grid angle is used by feedback variables. Hence, for control technique of grid connected

inverter the detection by said grid angle is quickly & correctly very important[9].

Table 3
Merit and demerit of VOC & DPC structure.

Farameters VOO (L8

Features Ikased on lioe current arkestation on lime voltage vector roguines intemal Based on instantaneous direct and reactive power control without any
current controf loops Imternal current koop

Advantages High dynamics and static performance o Low THD i normal case

* High power facor
o Sample algorittan aod archaectore
o Fast dynamics

Doadvantages & Pooe THD in case of line voltage distoetion ® Vanable switching frequency
o Low dymimic response o Neods fast processor and AJD conventers
® High sampling frequency cequined
o Powr THD in case of e voltage distortion

Table 4

Merit and demerit of generally utilized current controlling structure by grid interfacing VSCs

Type of current Reference frame Advantages Desadvantages
controller
M controller Maindy used with synchronoan reference frame, may o Simphcity Low order harmomics compensation capabidity & very poor is
be used with statiooury frame o Zero steady case of gnd desturbances
stale eorore
o High gain
o Fast transdent
responise
R controller Mainly used with statiooury reference frame » Selective harmonic » Stability camnot be gauranteed for Lange hand of harmooic
elimination canceflations

® Interaction with variations i the grid impedance dod ac-side
filter parameters resules mstabdity

Non linear Can be used with natural frame, stationary frame or » Simplicity o Variable switching frequency
hysteresis synchronoss reference lrane o Robustness o With wide froquency spectrsn
controller * Good dynamics ® luter phase distoction

* Independent of * High carrent ripples

loud parameters

VII.1.ZERO CROSSING DETECTION
Zero intersection identification (ZCD) strategy is the easiest synchronization method. In ZCD strategy the circuit
is utilized that distinguishes change of air conditioning voltages starting with one extremity then onto the next and
produce a heartbeat in like manner. Low elements, affectability to commotion and higher request sounds nearness
make it unacceptable for utility framework if there should arise an occurrence of necessity for exact stage point. The
voltage zero intersection system has been upgraded somewhat by the utilization of various computerized

strategies[10].
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VILIL PLL

Conventionally, a PLL is generally utilized synchronization calculation that removes a stage edge of lattice
voltage. PLL functions admirably within sight of commotion or advanced request sounds in the network. PLL is
executed into synchronous referencing outline as appeared in Figure 16. Detected lattice voltage is changed to
turning synchronous casing dgq utilizing park change. At the point when the distinction between genuine voltages
vector edge o and matrix voltage edge 0 is exceptionally near zero at that point.

At the point of g-hub part into turning referencing outline lessens for 0 as appeared in Figure 17, it signifies PLL
secured 3-phase adjusted framework. This belongings is utilized into PLL for 3-stage lattice associated inverter in
controlling is utilized for controlling stage blunder to 0 & fills into a circle filter. Next to the circle filter, integrator is
utilized, that provides the stage bolted edge to the lattice 6 as yield. Whole technique to PLL is stated by Table 5.
Aimed at structure of filter parameters & nitty gritty examination to PI to be considered. Determination of most
reasonable strategy for structuring the Pl-controller picks up Ke and Ki has relies upon the criteria of controller. Said
shut circle PLL is 2" request framework. Symmetrical ideal strategy could be decent decision for computing the
controller gains. It has been explored and connected for figuring of controller gains in lattice associated application

before

sin (wt— 0) =~ (wt—0) (20)

At the point for said g-hub part into pivoting locus outline decreases to 0 illustrated in Figure 17 that means PLL
secured 3-phase adjusted framework. This assets is utilized in PLL for 3-stage network associated inverters into
controller is utilized for controlling stage mistake to 0 & functions as circle filter. Subsequently the circle filter, the
integrator was utilized that provides the stage bolted edge of matrix 6 as yield. Whole technique of PLL as stated by
Table 5. Plan of filter parameters and nitty gritty investigation of PI can be considered. Choice of most reasonable
strategy for structuring the Pl-controller picks up KP and Ki has relies upon norms of controller. Shut circle PLL is
2nd request framework. Symmetrical ideal strategy could be decent decision by computing said controller gains. It
had been explored & connected by figuring of controller gains into lattice associated usage before.

Passable task region for wind turbines associated with the circulation framework is exhibited in Figure 18. This
is graphical portrayal of matrix voltages plentifulness & lattice recurrence as defined at “Danish Grid code”. As
indicated by Danish framework code, typical matrix voltage run is 95% to 105% and network recurrence variety is
71 Hz around the ostensible recurrence. The breeze turbine ought to be detached inside defined time interim into the
events variety of voltages & recurrence past as far as possible. To partake in recurrence controlling, controlling

constructions of breeze turbine/lhomestead that requires data for lattice recurrence.
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Figure 15. Steady state operation for stationary frame: (a) Pl current controller (b) PR current
controller applied to an R-L load

VIIL. DISCUSSION AND CONCLUSION

Wind power diffusion to said grid is drastically growing, within the system for building consistent & eminence
controlled techniques it is very essential. Controlled converters generally dependent on current control procedures
are usually utilized for solid activity to WECS if interfacing with the network, by checked on writing similar
examination of different controlling systems has been done both for generator side converter just as for network side
converter. Various controlling methodologies dependent on synchronous referenced outline dq or static reference
outline af was evaluated. For current created by the current controlled framework side inverter was controlled
freely, the decouple controlling of dynamic & responsive power is conceivable which makes solidarity controlling
factor activity feasible for whole scope of heap. It has been discovered that right discovery of network voltage point

is a significant errand in practically every controlling systems utilized in matrix side converters.
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Another reality which recognizes, the control technique utilized in network side converter is number of change
utilized for getting vector proper casing that create them delicate to lattice conduct. At last, the present control

strategy normally utilized in VOC conspire has been contemplated and generally looked at in Table 3.
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Table 5

Step wise transformation in PLL for producing 6.
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Figure 18. Voltages versus frequencies plot for a wind turbine

In conclusion, the framework code prerequisites to interface wind vitality basis to matrix had been referenced &
this was prescribed in writing for lattice synchronization every advanced breeze turbines should have quick &
dependable observing module for finding out network voltage & recurrence. As of late, lattice codes are
progressively stringent because of establishment of bigger units and PMSG based huge breeze ranches
improvements in seaward applications. Prerequisite to take an interest like a functioning segment into power
framework had been expanded to wind turbines. Henceforth, the significance of controlling techniques utilized of
charge arrangement in WECS had been figured out. By it is conceivable to modify control calculation in network
side inverters as indicated by the various capacities essential. A far reaching survey on controlling methodologies
utilized at wind turbines with PMSG & lattice associated inverters was accomplished. This is normal that this survey
would be useful orientation to the clients & analysts working with matrix side inverters. In future, these premise
controlling systems would be broadened more with fixed necessities, for example, less voltage cycle by matrix

bolster assignments.
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