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Abstract—This paper analysis the PCC voltage fluctuation from  distribution network is bigger, while in the compensation of
the perspective of active and reactive load, and points out that €active power, it also needs to compensate a certain amount
voltage flicker mitigation needs both active and reactive power Of active power, as a result, this paper uses four quadrant
compensation. Battery energy storage system designed by this operation battery energy storage devices to compensate the
paper adopts the current feed forward decoupling control, energy ~ Voltage flicker.

storage system after receive compensation instruction, fast

response, send out a certain amount of reactive power and active Il VOLTAGE FLICKERDETECTION AND COMPENSATION

power to compensate for voltage flicker. METHOD

Figure 1 shows the schematic diagram of voltage flicker
detection and compensation method. Due to the voltage flicker
can be equivalent to a typical low frequency modulation
periodic amplitude narrowband signals. So we can get the

accurately detect voltage flicker frequency and amplitude and it Voltage flicker errzvelopeDSIQnal ba;sed on thel Instantaneo_us
can effectively weaken the negative influence of imbalance of the '€activeé power theory. Due to voltage signal may contain
three-phase voltage. With the active and reactive power harmonic content, this article only acquires single-phase

compensation of the battery energy storage system, it can get Voltage signal, by changing the phase it can get the three-phase
better compensation effect of voltage flicker. voltage and current signals. Then it can calculate the

instantaneous active power based on the instantaneous reactive
Keywords-|RPT; BESS; Voltage Flicker; Hardware-in-the-loop ~ power theory. After filtering it can get the voltage signal
Simulation envelope, then uses high-precision FFT to calculate flicker
frequency and amplitude, and provide the basis for battery
I~ INTRODUCTION energy storage system to compensate the voltage flicker.

The voltage fluctuations of public connection point (PCC) This paper analysis the PCC voltage fluctuation from the

are cau.sed by_irregular load variation of distribution g'rid. Th%erspective of active and reactive load, and points out that
ﬂ;ﬁmagl?rr:savr\:ggshcgr?tvzme%Ieer:/(i:gic?r?t;lr\‘lr?aegne:sl #g?rfir\llglls%altjr? oltage fllcl_<er mitigation needs both active and reactive power
people feel fidgety. Such interference is called “flash” Of?:tompensatlon. Battery energy storage system des_lgned by this
“licker” O 2 Voltage flicker can cause a decline in thepaper adopts the current feed forward decou_plln_g contr_ol,
efficiency o.f clectrical equipment, torque and IC)Owerenergy storage system after receive compensation instruction,

A Lo -~ fast response, send out a certain amount of reactive power and
oscillation, and even affect the protection system or brin

great harm to power grid Yctive power to compensate for voltage flicker.

The common methods to detect voltage flicker are half-
wave RMS method, square demodulation method and full
wave rectification method, etc. But the effect of these methods

After building the simulation models and designing the
control strategy of the BESS system, this paper carries on the
simulation under the environment of SIMULINK and RT-LAB.
The simulation results show that the proposed method can

Active and reactive
power comp ensation

Acquisttion of single
phase voltage

is not ideal> “. Some literature put forward application sync I i

signal method based on wavelet multi resolution Clalets e e S compersaton

decomposition, but it needs frequency division and energy I i

concentration of wavelet and the accurate synchronization oot e e ‘ e g

signal so that the algorithm is not easy to actiede I f

Therefore, in this paper, based on the instantaneous reactive ponotmtetpe | okt e it

power theory, a voltage flicker detection method combined pover

with hlgh preCiSion of FFT transform is carried out to extract FIGURE |. THE SCHEMATIC DIAGRAM OF VOLTAGE FLICKER
envelope signal of voltage flicker. DETECTION AND COMPENSATION METHOD.

Among the compensation device of voltage flicker, due o, =/, raAGE FLICKER PARAMETERSCALCULATION
the slow response, the effect of the traditional SVC reactive
; Lo . METHODBASED ONIRPT
power compensation device is not ideal. In recent years the ) ) o
application of STATCOM voltage flicker inhibition achieved ~ Because of different reasons, voltage flicker can be divided
good inhibitory effect. But due to the impedance of the poweinto periodic and periodic flicker. This paper focuses on
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iodic fli i [ - , 1& KT
periodic flicker. The flicker can be equivalent to a low p(t):yzz p(H?z)
k=1

frequency modulation of sine voltage signal, which can be 4
represented as:
The voltage signal is:
u(t) = A(t)cosat =/ 2) (1 Ma { ))cosdt (1)
, . . SORNE0)
W is the angular of powerliI is the nominal voltage M ©)

is the frequency modulation amplitude which is 1% as

common and up to 10%A1) is the envelop signala® is
the modulation signal, this paper uses analog modulation
signal of electric arc furnace :

(4)Calculate the parameters of voltage flicker

Voltage flicker envelope signﬁ(t) contains information
such as the amplitude and frequency of flicker, and therefore
1 the parameters of voltage flicker can be calculated with the
«':1(t)=za<305m9t precision of FFT transformation. High precision add window
" 2 interpolation FFT algorithm can effectively suppress harmonic
interference and noise, and then we can precisely calculate
Q is the base angular of modulation signdl is the  voltage flicker parameters such as amplitude and frequency.

harmonic frequency.
IV. THEVOLTAGE FLICKER COMPENSATIONBASED ON

So, flicker can be regarded as low frequency amplitude BESS
modulated narrow-band signal, using the instantaneous

: ; In the power distribution and transmission system, we
reactive power theory can calculate the envelope signal of . '
voltage flie:ker. y P g generally use the SVC and STATCOM equipment for fast

reactive power compensation to improve the power quality
(1) Calculate the three-phase voltage and three-phageoblems of the power grid. However, the voltage flicker
current problem caused by the nonlinear load volatility in the
To avoid containing harmonic voltage signal coIIectedO“St”bu“o.n network  is d|fferent: In o_rQer to suppress the
‘)j{pltage flicker more effectively, in addition to the control of

system, this paper only acquires single-phase voltage sign > ! : . .
and by proper processing it can get the three-phase voltage Jggctive power compensation device, we still need to provide
active power control and support.

current signal.
. The power absorbed by the load can be decomposed into
u,(t) = E sin(kat + =21 .
Assume o(0)=Ecsinkat+2)k=1) iy the three-phase two components: constant pow&®) and wave power
symmetric system, each phase _has the same voltage vv_avefomp’AQ) . In order to solve the voltage flicker problems
and phase difference of 120This paper uses voltage signal caused by this type of load in distribution gird, the ideal way is

instead of current signal, which can be:
to bring compensator to compens%teAP and®Q.The power
supply and the power factor is 1, so that the PCC voltage

U, (1) =, (1) ia(t) =u, (1) amplitude and the phase are constant, as the purpose of voltage
U, (t) = —u, () —u,(t) i, (t) =u,(t) flicker compensation. Although because of the loss and the
uc(t):—ua(t—Is) i.(t) =u, () influence of other factor§,30\ AP and2Qcan not achieve full
©) compensation, but that will also bring more ideal effect of

) ) ) voltage flicker compensation.
(2)Calculate the instantaneous active and reactive power

Using instantaneous reactive power theory for three-phase
voltage and three-phase current signal transformation,
processing method in the step (1) can reduce the negative
influence of three-phase unbalance. Because there is no phase
difference between voltage and current signal, instantaneous
reactive power is zero, so it just needs to analyze instantaneous
active power.

(3)Calculate voltage flicker signal envelope

If %0 contains harmonic component, the INStaNtaneous;GuRe 1. INVERTER AND BATTERY ENERGY STORAGE SYSTEM
active powerp also contains harmonic component. So we SCHEMATIC DIAGRAM.
need to filter the instantaneous active power, then extract the

DC component to calculate voltage signal. Filter is calculated Battery energy storage system can realize four qudr
as: operations; it can absorb and emit active power, and also can

compensate the reactive power to meet the needs of the active
power and reactive power control and compensation at the
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same time. Therefore, inverter and battery energy storage This paper uses hardware-in-the-loop simulationfqufiat
system can effectively compensate the voltage flicker causeRIT-LAB to carry on the simulation. The distribution network,
by the volatility of loads in distribution network such asfluctuating load, inverter and main circuit components such as
electric arc furnace, and the effect is better than a singltie energy storage battery are simulated in the RT-LAB. The
reactive compensation. Inverter and battery energy storageverter control part is simulated by the inverter embedded
system schematic diagram is shown in figure 2; the accessntroller. The principle diagram of the simulation is shown in

PC

point is the public connection point. figure 4.
V.  VOLTAGE FLICKER SUPPRESSION OSIMULATION poverqirg  r2nsformer
. . + | wvanable
A. The Model of the Nonlinear Fluctuation Load N [ toad
In order to study the influence of fluctuating loads mﬂimj,kv_f.-_g._
power system, such as arc furnace and resistance welding afvT%-JG LL
machine. There are many methods to establish model to TS SN | 1
represent the characteristics of the fluctuating load. This paper ]
chooses time-varying current source model to represent the a1 s | e d

load. The main part of the model is the three phase controlled
power source The current amplitude satisfies the following
formula:

The inverter embedded controller monitor

FIGURE IV.THE HARDWARE-IN-THE-LOOP SIMULATION
SCHEMATIC DIAGRAM.

Amp = NomAmp + ModAmp*sin(277f, . t) ©)
C. The Smulation Results
AT s the current amplitude; NOMAND s the Rating The load volatility action time of the experimenfréasn7s

current amplitudeMOdATD is the amplitude of the adjustment [©© 118 fluctuating load modulation frequency is set to 2Hz in
the experiment. The simulation result is shown in figure 5.

component of the current amplitudé'?Od is the adjustment Compared with the case of only reactive power compensation,

frequency. In the fluctuating load mod&0™A™ is equal to the effect of voltage flicker suppression has greatly improved

SOOO*J—ZA ModAp ; 't 2000*\/—2A foa 't with active and reactive power compensation at the same time.
, is equal to , md js equal to .

5Hz, the effective value of the terminal line voltage is 600V,
so the apparent power changes between 1 MVA and
5.2MVAand the frequency is 5Hz, and the power factor is 0.9. . e G S S

B. The Model of Inverter and Battery i
The control method of the inverter is double clokmap =T b e St

control. Inner loop is current loop, the control strategy is feed- FIGURE V. THE SIMULATION RESULTFIGURE 6THE WAVEFORM
forward decoupling control; Outer loop is the active and OF THE COMPENSATED POWER.

reactive current expectations. i i )
The figure 6shows the waveform of the active andtrea

In the simulation experiments, the rated power of thﬁpower compensated by the BESS system. In figure a), y
inverter is 3MW; the rated line voltage is 380V.The energycoordinate is the active power and the unit is MW, as on
storage battery model is lithium-ion battery and the rate@ehalf of battery energy storage system to absorb. In figureb),
voltage is 2200V, the capacity is 3MAh. Figure 3 shows thg coordinate is the reactive power and the unit is MVar; as
simulation model of inverter and battery for voltage ﬂiCkerrepresenting a perceptual reactive power battery energy
compensation. Among them, the Variable Load subsystem isorage system. We can see from the experiment waveform
fluctuating loads such as arc furnace, resistance weldingat the inverter control strategy of voltage flicker suppression
machine; VS| + Battery subsystem is inverter, storage Batteryontroller designed by this paper can realize the bidirectional
and its model of the control system. converter control, so as to make the battery energy storage
system to compensate active and reactive power for power
distribution network at the same time for voltage flicker
compensation, and the inhibition effect is more ideal.

VI. CONCLUSION

This paper presents the voltage flicker detection method
based on IRPT and compensation method based on the BESS
system, and then designs the control strategy of the inverter to
compensate active and reactive power. This paper uses
SIMULINK to build the model of distribution network,
fluctuating load and battery energy storage system, and then

SUPPRESSION. The simulation results show that the proposed method can
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accurately detect voltage flicker's frequency and amplitude,
and it can effectively weaken the influence of three-phase
voltage imbalance. By using battery energy storage system to
compensate active and reactive power, it can get better voltage
flicker compensation effect.
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