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Abstract This study is to improve the assessment accuracy and control efficiency of building power quality by adopting
online monitoring and integrating multiple technical indicators and control methods. A whole set of power quality technical
index system is developed in the study, involving voltage deviation, harmonic voltage/current limit, and so on. The power quality
indicators are quantitatively evaluated through standardization and weight determination. The assessment results show that the
measured power quality indicators vary within the interval of 0 to 9, which verifies the effectiveness of the assessment system.
In terms of control technology, this paper discusses in depth the static reactive power compensation (SVC) device and its role in
improving building power quality, and confirms its efficacy in optimizing power quality through simulation experiments. This
work not only successfully evaluates the building power quality, but also proposes practical control strategies, which provide

theoretical and practical guidance for the stable operation of power systems and the further improvement of power quality.

Index Terms Building power quality, online monitoring, static reactive power compen-

sation (SVC) device, current limit

l. Introduction

he expected construction power supply system, its volt-

age and current should be the phase consistent, the con-
stant 50hz string wave shape, and the power of the electrical
equipment in the building with the rated voltage. Various
kinds of intelligent buildings will be connected to a series of
automated equipment such as air conditioning, elevator and
lighting.

The construction field in the process of continuous develop-
ment, although effectively improve people’s living standards,
but at the same time also brought some problems, due to the
building of more households, the flow of people, the daily
use of electricity equipment is more, nowadays there are a
variety of power equipment, the power required is not the
same [1]-[3]. This brings some obstacles to the improvement
of power quality of building power supply. China has issued a
lot of policies for the standard of power quality, including "coy
energy take quality supply voltage deviation", "power quality
three-phase voltage imbalance" and other related policies [4]—
[6]. According to the definition of power quality in these
policies, it is not difficult to find that the standard of power
quality involves a number of aspects, including voltage devi-
ation, fluctuation flicker, temporary overvoltage and transient
voltage and so on [7]-[9]. Only when all the power quality
meets the requirements, the power quality can be judged as
qualified. If any one of them is not qualified, then the whole
power quality is not qualified [10]-[12].

Electricity is a widely used energy source in modern so-
ciety, which provides strong support for social development,
but the problem of power quality deterioration is becom-
ing more and more serious due to the increasingly complex
power environment and the continuous change of the load
of the power system. For example, the harmonics generated
by the load increase the line power loss, unstable operation
of power equipment, voltage fluctuation and flicker, three-
phase imbalance, etc., affecting the function of the equipment,
reducing the service life, and increasing the misoperation of
relay protection and automatic devices [13]-[15].

According to statistics, there are more than 20 major power
accidents caused by power quality problems in the world, and
the economic losses caused by power quality disturbances
and electrical environmental pollution amount to 30 billion
dollars per year. Therefore, monitoring and solving the power
quality problem has become an urgent problem for the power
supply side and the power user side. Online monitoring of
power quality to achieve dynamic intervention regulation is
an effective way to solve power quality problems [16]-[18].

This study collects building power data based on online
monitoring technology and establishes a full set of power
quality technical indicators including voltage deviation, har-
monic voltage and current limit. Standardized processing and
weight determination methods are applied to quantitatively
assess the power quality to ensure the accuracy and reliability
of the assessment results. This study focuses on the appli-
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cation of static reactive power compensation (SVC) devices
in building power quality control and verifies their effective-
ness through simulation experiments. The study provides an
efficient and scientific building power quality assessment and
control scheme to improve the stability and power efficiency
of the power system.

Il. Method
A. Building Power Quality Assessment
1) Technical Indicators of Power Quality
The power quality technical index is an effective way to
measure the good or bad power quality of building electricity
equipment, which is a guarantee for the safe and stable opera-
tion of the power system, and can provide the basic conditions
for the assessment of the energy efficiency of building elec-
tricity. It provides the basis for the power grid to specify the
safety standards and industry guidelines, and provides data for
the fault analysis of building electricity equipment.

The power quality technical indicators designed in this
study include five parts: voltage deviation amount, harmonic
voltage limit, harmonic current limit, voltage variation limit,
and frequency deviation limit.

(1) Voltage deviation By

Voltage deviation means the ratio of the difference be-
tween the actual voltage value measured at the monitor-
ing point and the nominal system voltage to the nominal
system voltage. The amount of voltage deviation for
building power indicates the voltage offset under normal
operation of the power system building power. The
calculation formula is shown in (1):

~U-Uy

=

where U is the measured voltage and U is the nominal
system voltage.
Voltage deviation is an important index for judging
the power quality of power system. At present, the
commonly used methods for voltage deviation detection
are true rms method (TRMS) and space vector method.
(The TRMS method calculates the voltage deviation
based on the root-mean-square (RMS) value of the
voltage, which has the advantages of simple calculation
principle and easy realization. The measurement accu-
racy increases with the increase of sampling frequency.
The voltage deviation value of the system can be found
out by directly bringing the voltage RMS value into Eq.
(1) after finding out the voltage deviation value.

(a) Space vector method. The space vector method is to
transform the projection ugp. = [ua,ub,uc]T of the
voltage rotation vector in abc coordinates to the dq0
coordinate system, i.e., Uqqo = D33Uqp. Where,

B; x 100%, (1)

cos (wt)  cos(wt—2m/3) cos(wt+27/3)
D33 = % —sin (wt)  sin(wt —27/3)  sin(wt — 27/3)
1/2 1/2 1/2

Then

uq cos(f) cos(0—2m/3)  cos(f+2m/3) ug V3
Uigo = | ug | =2 | sin(f) —sin(0—27/3) —sin(6+27/3) w | =] 0 |.
u, 1/2 1/2 1/2 u,

(b)

2

3)

Among them, 0 (t) = 6 (0) + fol w (1) d7g,
Then it can be obtained

Uye = ? [tq cos (wt) + uy cos (wt — 27/3) + u, cos (wt + 27/3)] .

Voltage deviation: the measured voltage of voltage level
above 40kV should be lower than 12% of the nominal
system voltage. the measured voltage deviation of volt-
age level below 20kV should be lower than +8% of the
nominal voltage. Influencing factors are: load reactive
power or reactive power variation, grid short circuit
capacity or grid equivalent reactance, transformer taps,
etc.

Harmonic Voltage Limit Bo

In the national standard GB/T14549-93 "power quality
- utility grid harmonics", the limit value of harmonic
voltage (phase voltage) of 10kV utility grid is clearly
stipulated, because the harmonic voltage of utility grid
is generated by the harmonic currents injected into the
grid by each harmonic source in the network flowing
through the impedance of the system, so the harmonic
voltage of the common connection point (P.C.C.) distor-
tion rate is a general representation of the harmonic con-
dition of all supply loads, and the harmonic assessment
of individual supply load users still relies on analyzing
the magnitude of their harmonic currents injected into
the common connection point. As long as the harmonic
currents injected into the grid by the various power sup-
ply users in the network are limited to the standard range
according to the national standard, it can be ensured that
the harmonic voltage index of the utility grid also meets
the limit value requirements.

The reference values of harmonic voltage limits for
building electricity are shown in Table 1, and the hth
harmonic voltage content rate is,

U
HRU), = (7: x 100%, 2)

where, H RU}, is the hth harmonic voltage containing
rate. Uy, the hth harmonic voltage. U, is the fundamental
voltage.

The harmonic voltage content is,

oo

> W) (3)

h=2

Uy =

The total harmonic distortion rate of the voltage is,

U
D, = =2 x 100%. (4)
U,
Harmonic voltage limits are influenced by power system

currents, harmonic voltages, etc.

Harmonic current limit Bg

The harmonic current limit of the building power use
indicates the harmonic current limit of the building
power use equipment input to the substation building,
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“

Grid nominal voltage kV | Total voltage total harmonic distortion 1% | The harmonic voltage is high /% | Harmonic voltage 1%
0.38 5 4 2
6 4 3.2 1.6
10 4 3.2 1.6
35 3 1.4 1.2
66 3 1.4 1.2
110 2 1.6 0.8

Table 1: Construction USES electric harmonic voltage limit

which can be calculated by the harmonic voltage limit,
and the calculation process is shown in Eq. (5):
U U%h

B3 = X, X = S 4)
where, X}, is the hth harmonic impedance, Uy rated
system voltage and Sp,;,, minimum short circuit capac-
ity of the system.
Harmonic current limits are influenced by the follow-
ing factors: building electrical equipment load, funda-
mental voltage, harmonic voltage limits, and harmonic
impedance.
Because the minimum short-circuit capacity of the as-
sessment point is different from the assumed minimum
short-circuit capacity of the benchmark, it needs to
be converted according to Appendix B of the national
standard, and the conversion formula is as follows,

Sk1
Iy, = ——1Ipp,
=g, (6)

where Sy is the minimum short-circuit capacity of the
common connection point in MVA, Sy, is benchmark
short-circuit capacity in MVA, 110kV benchmark short-
circuit capacity is 7S50MVA and I, is allowable value
of the hth harmonic current in A when the short-circuit
capacity is Sk1.

For the ith customer at the common connection point,
the allowable value of the hth harmonic current needs
to be converted according to equation (7):

Ini = I (Si/S0)"" (7)

where, Ij,-permissible value of the hth harmonic current
of the first conversion, in A, .S; is the capacity of the
ith customer point power usage agreement in MVA, S;
is the capacity of the power supply equipment at the
common connection point in MVA and « is the phase
stacking factor.

Voltage variation limits By

Under the building electricity system, the voltage varia-
tion limit value formed by the equipment is influenced
by load capacity, line impedance and other factors. For
balanced three-phase loads, the voltage variation limit
value of building electricity consumption is calculated
as shown in Eq. (8),

AS;

AS;
where AS; is the load capacity change. AS; examines
the point short circuit capacity.

By ~ x 100%, ®)

For high voltage systems, where the inductive compo-
nent of the system is much higher than the resistive
component. The building voltage variation limit is cal-
culated as shown in Eq. (9),

_AQ;
T AS;

where AQ); indicates the amount of reactive power
increase or decrease in building electricity consump-
tion, the size of which varies according to the amount
of building electricity load. For the voltage variation
caused by single-phase load, the voltage variation limit
of building electricity consumption is calculated as
shown in Eq. (8),

By

x 100%, )

By = \/E?]S’ x 100%. (10)
Influencing factors of voltage variation limit are: vari-
ation frequency, voltage level, load change characteris-
tics, etc.

(5) Frequency deviation limit value Bs

The building power frequency deviation limit indicates
the amount of deviation of the measured value of the
building power system frequency from the standard
value. The normal operating frequency of the building
power system is generally around 50Hz. The permis-
sible frequency deviation under normal operation of
building electricity should be less than 0.3 Hz, and
if the building electricity load is small, the frequency
deviation can be increased according to the situation.
The frequency deviation limit can be calculated by a
standard formula. The expression is shown in Eq. (11),

Frequency overrun time

) x 100%.
L
Frequency deviation limits are influenced by system

capacity, load waveforms, and system operating condi-
tions.

Br = —
7 ( Total running statistic time

2) Standardized Processing

Then the five building power quality indicators are stan-
dardized as dimensionless values between [0, 1], and the
standardized values of the building power quality assessment
indicators are shown in Table 2. Due to the large differences
in the drying of the indicators and the variation intervals of the
indicator values, it is necessary to categorize the power quality
indicators in order to more accurately assess the power quality
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of the building and to categorize them into the three types
of indicators of the largest, the smallest and the intermediate

types.
(1) Normalized dimensionless processing method

For the evaluation metric x;;, for the zero value in x;;,
add a positive number a and translate the data so that:

Tij :a+xij, (12)
x;J is then normalized such that,
.

Y E?:1 Lij

Require that 7" | 2;; > 0, z}; € (0,1) when z;; > 0,
no fixed max-min, and ) _, xz‘j =1.
(2) Standardized dimensionless processing method
The standardized dimensionless method used in this
paper for the indicators is shown in Eq. (14),
o _ (@ —75)

o= 7
ij ; )
Sj

(14)
where 7; and s; are the sample mean and sample
mean squared deviation of the data for the jth indicator,
respectively, and z7; is the standardized data value.

(3) Linear proportional dimensionless processing method
For evaluating the indicator x;; to eliminate the zero
value in x;;, a suitable positive number a can be added
and the data can be shifted so that,

’

Ty = a+ T;j.

5)

The dimensionless data are then calculated by Eq. (15).
Available,

af =Y (16)

S
T

In the formula, 27 takes the minimum value of this type
of indicator, x;; is the corresponding data of the indi-
cator, x;‘j is the result obtained after the dimensionless
processing, it can be known that through the linear scale
dimensionless processing method, the value range of z7;
is [1, 4+o00].

(4) Extreme value dimensionless processing method
Because the data of each indicator are transformed into
extremely large indicators by consistent processing, the
method of polar dimensionless processing of the data
using Eq. (17) can be obtained,

Bii — s
ot = Fig T My

y . 17
b= (17)

Here, M; = max {z;;},m; = min {z;;}.
i J

3) Determination of Indicator Weights
For the subjective assignment method, the disadvantage is that
the determination of the indicator weights will be affected
by the evaluation experts’ work field, personal experience,
subjective color and other factors, which makes the results
of the weight coefficients not accurate enough. Under certain
circumstances, the indicator weights can present a certain
sequence form and transferability. As far as the objective
assignment method is concerned, the weight coefficient of
building electricity indicators is determined according to two
factors: the degree of change of building electricity energy
efficiency indicators and the magnitude of the impact on the
results of energy efficiency assessment, and the magnitude of
the information contained in the 16 building electricity indica-
tors determines the magnitude of the weight coefficient of the
indicators to a certain extent. The disadvantage of this is that
when evaluating 2 different indicators of 1 indicator system, if
the same method is used to calculate the size of the weights of
the building electricity consumption indicators, the calculation
results will be biased. Moreover, if the amount of information
contained in the indicator is too large, the phenomenon that
the researcher’s judgment results are diametrically opposed to
the evaluation results may also occur. In this case, the above
two types of assignment methods can be "added" to integrate
and then assign weights to the indicators.

If the weights of the building electricity indicators cal-
culated based on the "difference-driven" principle and the
"function-driven" principle are p; and g; respectively, then:

wj = kipj + kagqj, k1 + ko = 1. (18)
The combined evaluation value of the system is,
yi = Zwﬂij = Z (k1pj + k2q;) 24 (19)
j=1 j=1

Sum both sides of the above equation,

n

D= > wimi =Y Y (kip; +kagy) wyy. (20)
i=1

i=1 j=1 i=1 j=1
Apply Lagrange’s theorem to find,
3 D i1 21 PiTij
D Qe PiTig iy D 4Ty
D i 2 €T
D1 2o PiTij Doy i 4

Substituting k; and k, into Eq. (18), the corresponding
weights can be found.

k1 2D

ko =

(22)

B. Building Power Quality Control

With the continuous development of electric power, peo-
ple’s power system power quality requirements continue to
improve, building power quality problems began to widely
attract people’s attention. More and more scholars and engi-
neers began to invest in research, seeking some realistic and
feasible power quality control and management measures and
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Index Architecture 1 | Architecture 2 | Architecture 3
Voltage deviation limit 0.905 0.845 0.915
Harmonic voltage limit 0.144 0.125 0.135
Harmonic current limit 0.521 0.443 0.511
Voltage variation limit 0.305 0.223 0.235
Frequency deviation limit 0.205 0.315 0.411

Table 2: Standardization of the quality evaluation index of building power

methods. However, on how to control and regulate the building
power quality problems, can be from a number of aspects at
the same time, such as from the point of view of the building
system, can be taken to improve the short-circuit capacity
of the building power supply system, the use of independent
same-phase power supply system, the use of three-phase two-
phase balancing transformer, electrification of the building
design of a rational allocation of the zone phase and operation
of a reasonable deployment as well as the traction transformer
rotating phase sequence to access the system, etc. to regulate
the control of the building power quality. The building’s power
quality is regulated and controlled through the use of If you
need to control the building traction network voltage drop,
you can take to improve the transformer traction side bus
no-load voltage, the installation of traction transformer on-
load regulation device and traction network series capacitor
compensation device. This subsection combined with the ac-
tual project mainly considers the use of static reactive power
compensation device to comprehensively manage the building
power quality problems.

1) Static Reactive Power Compensation Device(SVC)
Static reactive power compensation (SVC) devices are always
shunt-type static reactive power generators or absorbers with
variable output to maintain or control specific parameters in
the power system. Today, static reactive power compensa-
tion (SVC) devices often refer exclusively to static reactive
power compensation devices that use thyristors, including
thyristor-controlled reactors (TCRs), thyristor-switched ca-
pacitors (TSCs), hybrids of the two (TCRs+TSCs), thyristor-
controlled reactors mixed with fixed capacitors (TCRs+FCs)
thyristor-controlled reactors (MSCs) mixed with mechanically
switched capacitors (TCR+MSC), etc. This subsection fo-
cuses on TCR+MSC. This subsection focuses on TCR+FC
type SVC devices.
(1) TCR Working Principle
The wiring of the thyristor control reactor (TCR) is
shown in Figure 1. The single-phase TCR consists of a
pair of anti-parallel thyristors Th1 and Th2 connected in
series with a linear hollow reactor. The anti-parallel pair
of thyristors is similar to a bidirectional switch, thyristor
valve Th1 in the supply voltage of the positive half-wave
conduction, thyristor valve Th2 in the supply voltage of
the negative half-wave conduction. the TCR through the
control of the thyristor valve conduction time to control
the time of the current through the reactor, thereby con-
trolling the size of the TCR’s equivalent fundamental
wave reactance.

—.u .

- 1

Thl m % o] h & N/ t
~11 A /
' Trizger
L3 4 pus I i
— t

(a) TCR. schematic (b} Voltage and current
diagram waveforms

Figure 1: The connection of the brake control reactor

The basic waveforms of current / and voltage u are
shown in Figure 1 u is the ac voltage.
Since the TCR is connected in parallel to the bus, and
the voltage distortion on the bus is generally controlled
to a small degree. Therefore, it can be assumed that the
bus voltage v is an ideal sinusoidal waveform. and o
is the electrical angle at which the SCR valve starts
to obtain a positive voltage drop until it is triggered.
known as the triggering delay angle. and o is that is
the time elapsed until the SCR valve is triggered to be
in a conduction state. known as the conduction angle.
and @l is the fundamental wave reactance (Q2) of the
reactor. Then there are,
V2u

=7 (cosa — coswt). (23)
When wt = 180°, 7 reaches its maximum value 7,,,x =
%(1 + cos ). therefore, the value of reactive power
absorbed by the reactor can be controlled by controlling
the triggering angle « of this pair of anti-parallel thyris-
tors.
TCR voltage-current characteristics shown in Figure 2,
visible TCR voltage-current characteristics is a steady-
state characteristic, characteristics of each point is the
TCR in the conduction angle for a certain angle is the
equivalent susceptibility of the volt-ampere characteris-
tics of a point. the reason why the TCR can be from
the voltage-current characteristics of a steady state The
reason why the TCR can transfer from one steady state
operating point on its voltage-current characteristics to
another steady state operating point is the result of the
control system constantly adjusting the trigger delay
angle, thus constantly adjusting the conduction angle.
Obviously, the slope of the characteristic and the inter-
cept on the voltage axis (that is, the normal operating
voltage without compensation) are determined by the
control system parameters.
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Figure 2: TCR voltage - current characteristics

Main transfomer

Filter FC Flter FC TCR

Figure 3: 3 TCR+ fc type SVC typical wiring diagram

@

€)

TCR basic three-phase wiring

Figure 3 for the TCR + FC-type SVC typical wiring
diagram, TCR three-phase wiring form most of the
triangular connection, because this wiring form than
other forms of line current in the harmonic content
is smaller. Individual TCR can only absorb inductive
reactive power, so it is often used in conjunction with
shunt capacitors (TCR + FC type). In addition, the
project is often divided into two parts of each phase
of the reactor, respectively, connected to the two ends
of the thyristor pair, which allows the thyristor in the
reactor damage can be additional protection to prevent
when the reactor ends of the short-circuit occurs when
the entire AC voltage added to the thyristor valve and
lead to its damage.

Basic Composition of Control System

The control system of the TCR generally consists of
three components, the detection circuit, which detects
the system variables and compensator variables required
for control. Control circuit, in order to obtain the re-
quired steady-state and dynamic characteristics of the
detection signal and the given input processing. Trigger
circuit, according to the control signal output from the
control circuit to generate the corresponding trigger
delay angle of the thyristor trigger pulse. Generally
divided into open-loop control and closed-loop control,
of which the open-loop control has the advantage of
fast response speed and is suitable for load compen-

Us, U Uz Us U U
“' e .r'; e
N B ra
&
'ij 'r’-‘\
\?’_ 1 <1 \-:'}
P K & !( ¥ b \\\
b : —ta b 2
| g

(a\ l"b'\

L= L=a
(a) Unbalanced load network (b} Unbalanced network after
with triansular commection compensating for denarization

Figure 4: Compensation for the three-phase uneven load

sation occasions, especially in reducing voltage flicker.
Closed-loop control has the advantage of being precise,
for transmission compensation, especially which are far
away from the load and the power source of the middle
point of the transmission line.

2) Ideal Compensated Conductance Networks
Compensation of three-phase unbalanced loads is shown in
Figure 4. Assuming that the supply voltages are balanced, the
loads are represented by the triangularly connected network in
Figure 4, where Y;?°, Y and Y* are complex and unequal.
Any ungrounded star-connected load can be represented as a
triangularly connected form of Fig. by Y — A transformation.
Set,

Ylab — thb -l—jB%b

Ylbc — Gl{c + ]Bi)c

cha — Gia +3Bfa

(24)

Consider first the corrected power factor by connecting in par-
allel to each load conductor a compensating conductor equal
to the negative value of the load conductor so that the load
conductor becomes a pure conductor, i.e., let B;}b = — B,
Bb¢ = —Bb, B¢ = —B{?, so that all three phases have a
power factor of 1 but are still balanced. The phases are pure
conductance G$°, G% and G$®. As shown in the figure, in
order to balance G§?, a capacitive conductor BY = G$*//3
is connected between phases b and c¢, while an inductive
conductor BS* = G$° /+/3 is connected between phases c and
a.

Similarly, the pure conductance G% and G§* between
phases b and ¢ can be balanced sequentially in the same way.
Combined with the power factor of the corrective electro-
nerve, the figure of the triangle in each circuit has three par-
allel compensations electro-nerve, these electro-nerve added
together, you get the three-phase triangular connection of the
ideal compensation network:

Bi* = —B{* + (G5 = GY°) /3

By = =B + (G = G¢*) /V/3
Bi* = —Bi* + (G - G1Y) /V3

(25)

Thus an ideal compensation network associated with a load
can change any unbalanced three-phase load into a balanced
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cl1 LOAD

: )

Figure 5: Reactive compensation for single-phase load power
supply

three-phase active load without changing the active power
exchange between the source and the load.

3) Analyzing Compensating Loads with Symmetric
Component Hair
Since the load conductance is not as easy to measure as the
line current and voltage, it is difficult to find the compensator’s
conductance. In the following, the symmetrical component
method will be used to derive the formula for the compensator
conductance expressed in terms of line current and voltage.
Let the unbalanced load in Figure 5 be supplied by the
balanced three-phase positive sequence voltage, and the rms
value of the neutral voltage of each phase is:

U =U
Ub = aQ.U (26)
U.=aU

120° V3

where, a = e = f% + j73 solved by the symmetric
component method, the derivation leads to the compensating
electro-nerve equation expressed in terms of load current
vectors,

B — — (Imfa<1> + Imaly) — Im“2jc<1>) /3U
Bbe = — (Imafb(l) + Ima®l.q) — Imaja(”) /3U

Byt = — (Imazfcm + Imlaq) — “”ajb“)) /3U
27)

4) Compliance Compensation Expressed in Terms of Power
In fact, the load is commonly used active power and reactive
power to express the reactive power compensation of single-
phase load power supply as shown in Figure 5, assuming
that its active power is P, reactive power is )y according
to Steinmetz three-phase balancing calculation method can
be balanced by the single-phase load caused by the voltage
imbalance, so it can be obtained that the reactive power to be
compensated between the phases is as follows:

Qo1 =Q Qe2=P/V3 Qu=P/V3. (8

A4 o L .

i
Lo

i

i

A |

o L e
|
I

=

7,

I

e & &

el
L=

Figure 6: Reactive compensation for three-phase load power
supply

The reactive power compensation for supplying three-phase
loads is shown in Figure 6, for a three-phase load, assuming
that the three-phase load is expressed in terms of active and
reactive power as P70 + jQ4b, PP + jQb¢, Pfe + jQ5e.

Then it follows from Steinmetz’s principle,

Qi" = —Q" + (P ~ F)) /3
Q= =Q + (P = Pf) /V3 @)
Qi = —Qi* + (B — A*) /3

Calculate the capacity to be compensated for each phase
according to Eq. (21). Where the negative sign in front of
P indicates inductive reactive power and the positive sign
indicates capacitive reactive power. In the actual project, the
appropriate compensation capacity is calculated and selected
according to the specific conditions of the load.

lll. Results and Discussion

A. Example Analysis of Building Power Quality
Assessment

1) Weighting Analysis

The data of power quality indicators at the test points are
shown in Figure 7, and the data of each indicator in this paper
were obtained from the 24-hour power quality measurements
of switches of 110 kV voltage level under seven substation
buildings in area Y by the PW3198 power quality monitoring
instrument, and the sampling interval was set to 30 seconds.
The selected assessment indicators contain five indicators
including voltage deviation and frequency deviation, which
are noted as B = (B, By, B3, By, Bs), and the values of all
five indicators fluctuate steadily in the range of O to 9.

The subjective weights of the assessment indicators of
each equipment are shown in Figure 8, because the power
quality indicators have different quantitative outlines, and the
indicators selected in this paper are all cost-based indicators,
so the seven assessment points monitored are mainly to sup-
ply power to industrial production, therefore, the respective
percentage G of each typical equipment in the industrial elec-
tricity load can be calculated: motor equipment G=0.83825,
lighting equipment G=0.03515, power electronic equipment G
=0.12611, and then through the review of relevant literature
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Figure 7: Test point power quality index data

and combined with the equipment attributes of the three equip-
ment under the indicators were assigned, motor equipment
assessment indicators in the voltage deviation and frequency
deviation weight is larger, lighting equipment in the flicker
indicator weight is the largest, the power electronic equipment
in the harmonic-related indicators weight is larger, which is
consistent with the attributes of each device, so through the
classification of the equipment for subjective assignment com-
pared to traditional Therefore, subjective assignment through
equipment classification is more reasonable than traditional
subjective assignment. Voltage deviation and frequency de-
viation in the evaluation index of motor equipment have
larger weights, flicker index in lighting equipment has the
largest weight, and harmonic-related index in power electronic
equipment has larger weights, which is consistent with the at-
tributes of each equipment, so subjective assignment through
equipment classification is more reasonable than traditional
subjective assignment.

2) Analysis of the Results of the Comprehensive Assessment
of Electrical Energy Quality in Buildings
Considering that the adoption of a single subjective weight
or objective weight as the final weight of the power quality
assessment index is too one-sided, in order to fully synthesize
the impact of subjective and objective weights on the results
of the assessment of power quality, the weights of the indexes
obtained by the different methods are shown in Figure 9, and
the differences in the objective weights obtained by using
entropy weighting and the coefficient of variation method are
relatively small, whereas the gap is larger than that with the
subjective weights, and the evaluation method of this paper
(8.89% to 29.31%) makes up for the shortcomings of using a
single weight that is too one-sided.

However, considering that some indicators may exceed the
standard in the actual situation, if the indicator is given a

Electric
electronic
Lighting equipment
equipment

B1
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4-’0;,,,-0 B4

n in dey

Motor
equipment
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Figure 8: Subjective weight of evaluation index for each
device

I This method[Jl] Variation method

I Entropy [ Subjective weight

21.34% 19.75% 18.35%
e e—1 &
26.75% 25.34% 29.31%
|
27.21%

23.11%

24.21% 25.92%

32.73%

Evaluation index

0 20 40 60 80
Value

100

Figure 9: Index weights obtained from different methods

smaller weight, the role of the indicator in the assessment
process will be reduced, which will lead to inaccurate as-
sessment results, and the phenomenon that the assessment
results do not match with the actual power quality, so this
paper adopts the "variable weighting idea" to dynamically
adjust the weights of the various assessment indicators of
power quality. Therefore, this paper dynamically adjusts the
weights of the power quality assessment indicators through
the "variable weight idea". The penalty factor is a=0.1, and the
negative factor is b=[720.2 12 1.6 1.6 1.6 1.6 1.6], then the
corresponding weight value of each index is adjusted by the
variable weight, and the corresponding weight of each index
after the variable weight is adjusted is shown in Figure 10.
After variable weighting improvement weights were 0.2106,
0.2532, 0.2082, 0.2865.

The combination weight of the flash change of test point
5 and test point 7 was 0.1024, and after variable weighting
improvement the weights were 0.1583, 0.18735, which can
be seen that the weight of the indicator adjusted by variable
weighting ideas increased compared with the original combi-
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nation weight, thus improving the indicator in the electrical
energy This increases the influence of the indicator in the
process of power quality assessment, which makes the power
quality assessment results more in line with the actual situa-
tion. However, the voltage deviation values are higher, and the
power quality of pilot 3 and test point 6 is even worse than that
of test point 2 in terms of the single assessment index, so the
assessment results are obviously not in line with the actual
situation, while the adjustment through variable weighting
reasonably enlarges the weight of voltage deviation, and the
assessment results obtained are more in line with the actual
situation of the power quality, so it is reasonable to adjust
the weighting through the idea of variable weighting. And the
assessment results are basically consistent with the other two
methods, so the power quality assessment method proposed in
this paper is effective.

This study comprehensively and accurately analyzes the
power quality and constructs a scientific assessment system
of great significance: firstly, it can help the power sector
understand the actual quality level of power in a more compre-
hensive and detailed way, so that it can have an overall grasp of
the strengths and weaknesses of the quality of power, discover
some existing power quality problems in a timely manner and
take corresponding measures to stabilize the power system and
guarantee the quality of power, so that it can build the world’s
leading energy Internet enterprise with Chinese characteris-
tics as early as possible. The energy Internet enterprise with
Chinese characteristics will be built as soon as possible.

Secondly, through the assessment of power quality grading,
to realize the market positioning of different levels of power
quality, to ensure that power pricing is reasonable, so as to
facilitate the users to reasonably purchase power and arrange
production, reduce the disputes between supply and demand
sides, and at the same time, for some users, especially some
of the sensitive users who have special requirements for the
power they need, it can help the users to understand the actual
situation of the power they use, and apply to the relevant
power supply department in time when the power they use
fails to satisfy their needs. At the same time, for some users,
especially some sensitive users with special requirements, it
can help them understand the actual situation of the power
used, and apply for modification to the relevant power supply
department in time when the power used cannot meet their
needs. Moreover, from the perspective of development, the
development of society must be accompanied by a large
number of equipment replacement, which means that the
continuous development and reform of the power grid will
always be accompanied by power quality problems, so the
comprehensive assessment of power quality will continue to
have new requirements with the advancement of the times to
join.

B. TCR+FC Type SVC Device Power Quality Control
Technology

0.30 I B1 B2 B3 B4 BS

Test point

Figure 10: The corresponding weights of each index after the
adjustment of the change

1) Experimental Environment and Parameter Settings

The simulation parameters are shown in Table 3. In order to
verify the correctness and feasibility of the proposed topol-
ogy and the differential beat-less-repeat control strategy, the
simulation model is constructed on Matlab 2016 simulation
software with reference to the circuit structure in Fig. 3.1. In
the simulation The active power of the building is 2.5 MW and
the reactive power is 2 M Var; The active power of building 5 is
7MW and the reactive power is 5.8MVar. 3rd, 5th, 7th- - -19th
harmonic current sources are used to simulate the harmonics
generated in each building. The number of TSC configurations
is two, the first one has a capacity of 1.8MVar, the second one
has a capacity of 3.6MVar and the capacity of the 3rd and the
5Sth filtering branches are equal in each group of SVCs.

2) SVC-free Power Quality Control Simulation

Simulation settings: set the fault generating element to gener-
ate a three-phase grounded short-circuit fault, and set the fault
occurrence time and duration of the fault timing control logic
element to 3.5s and 0.12s, respectively, and the simulation
result waveforms when there is no SVC power quality control
are shown in Figure 11, in which (a) and (b) are the target
230kV bus power and SVC no power output, respectively.
As can be seen from the figure, after a three-phase grounded
short-circuit fault occurs in the system at the moment of 3.5s,
the target 230kV bus power W falls rapidly to 0.45457], at
this time, even if the SVC releases all the capacitive reactive
power, but due to the voltage is too low, the reactive power
support provided is very limited, i.e., only 56.6 Mvar, and it
can only raise the W to 0.4822pu. At the moment of 3.62s,
the fault is cleared and the power recovers rapidly. After the
fault is cleared in 3.62s, the power is restored quickly, and the
lag in the response of SVC to the transient power makes the
capacitive reactive power output from SVC suddenly increase
to 295Mvar in a short time, which leads to the increase of W
to 1.1511J, which is larger than the threshold value of the bus
bar for the protection of the power of 1.15J. Thus, it can be
seen that the main reason for the overshooting of the power
after the fault lies in the SVC.
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Parameter Numerical value Parameter Numerical value
Three-phase grid short circuit capacity 1000M VA Dc capacitance 0.1Q
Three grid voltage 110Kv Direct current voltage reference 50mF
Master variable rated capacity 30MVA Dc PI 20000V
Primary variable three-phase transformer 27.5kV Direct current voltage initial value P=0.8,I=5
Filter inductance 10.5kV Carrier frequency 19500V
Equivalent resistance 2mH Dc capacitance 10kHz
Table 3: Simulation parameter
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(b) SVC has no power output

Figure 11: The simulation results of the non-svc power quality
control

3) Conventional SVC Power Quality Control Simulation

The simulation results of applying the conventional block-
ing power quality control strategy under the same working
condition are shown in Figure 12, where (a) and (b) are
the target 230kV bus power and SVC reactive power output,
respectively. The conventional blocking LV protection control
strategy balances the inductive reactive power output from
the TCR with the capacitive reactive power output from the
capacitive equipment to make the SVC output zero, which
can inhibit the reactive power surge after the fault is cleared
and avoid the resulting voltage overshoot, corresponding to
the surge value of reactive power reduced from 295 Mvar
to 23 Mvar and the overshoot value of power reduced from
1.1511 J to 1.0505 J. However, when the SVC is released
from blocking, the SVC output will be reduced from 295 to
23 Mvar. However, when unlocking the SVC, the output of

t/s
(b) SVC has no power output

Figure 12: Conventional SVC power quality control simula-
tion analysis

the main PI regulator is not equal to the pre-fault value, and
the SVC can not be controlled immediately because of the
response lag, resulting in large fluctuations in the output of
the SVC and the electric energy J: the output of the SVC is
first rapidly increased to 114.55 Mvar and the electric energy
W is raised to 1.054 J, and then it is not until the moment
of 4.1s that the SVC output is adjusted to the pre-fault value,
i.e., 0.5 Mvar. adjusted to the pre-fault value, i.e., 0 Mvar, and
stabilized the electrical energy at the target value of 1.0 J.

4) TCR+FC type SVC Power Control Simulation

Applying the new SVC low power quality control strategy
proposed in this paper in the same working condition. Sum-
mary of the simulation results waveforms are shown in Figure
13, where (a) ~ (d) are the bus 230kV bus power, SVC
reactive power output, the equivalent electro-nerve reference
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value, thyristor trigger angle. The results show that at the
moment of 3.5s, a three-phase short-circuit fault occurs in
the system, resulting in a rapid drop of power J. The main
PI regulator quickly changes the output of the Energizer
reference value to O (adjusting the trigger angle to the limit
value of 169.93°) to control the inductive reactive output
of the TCR at least in order to maximize the release of
capacitive reactive power from the capacitive equipment to
provide reactive power support to the system. After meeting
the conditions of 0.6J below the threshold value and 100ms
delayed judgment time at 3.607s, the new SVC power quality
control starts: after shielding the original input and output of
the main PI regulator, input the equivalent voltage deviation
e, i.e., 0.004639pu, calculated from the pre-failure Brefl, i.e.,
0.053748S, and at the same time input the locked trigger angle,
i.e., 114.87°, to the TCR trigger control link. ° is input to
the TCR trigger control link to prepare the pulse signal and
exit the TSC. At the moment of 3.62s when the fault clearing
voltage starts to recover rapidly, since the TCR has been
controlled to output inductive reactive power according to the
trigger angle, it can:

(1) offset with the capacitive reactive power that surges
at this time, suppressing the reactive power surge and
voltage overshoot: there is no reactive power surge after
the fault is cleared and the electrical energy reaches only
1.0435 J at the maximum.

(2) Reducing the magnitude of the post-fault power change
helps the system to recover to the pre-fault state faster
and more stably, and reduces the impact of the transient
process on the system caused by the fault: W first rises
to 1.1365 J due to the reactive power surge during the
SVC fixed power control, and then falls to 0.9654 J due
to the large amount of inductive reactive power output
from the TCR. However, during the new low power
quality control process, the reactive power is always
locked to the pre-fault trigger angle due to the fact that
it has been locked to the pre-fault trigger angle , so the
power can be gently reduced from the highest 1.0435
J to the target value of 1.0 J. After the conditions of
greater than the threshold value of 0.7 J and a delay of
300 ms are satisfied at the moment of 3.931s, the novel
SVC low power quality control is turned off. Since the
output of the main PI regulator increases continuously
from 0 according to the equivalent deviation e after the
novel low power quality control is activated (but does
not control the SVC) and is equal to the pre-fault value
when the low power quality control is turned off, the
output of the SVC is maintained unchanged during the
restoration of the fixed power main control, which en-
sures the stabilization of the building’s electrical energy.

C. SVC equipment in the Actual Power System
Application Effect

The simulation results of the closed-loop signals are shown
in Figure 14 and Figure 17. From Figure 14 and Figure 15, it

= 084
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0.6
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(a) The equivalent electric nano reference
300 -
——No SVC
——TCR+ FC type SVC
i 200 -
1
-
=
&
< 1004
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34 3.6 38 40 42

(b) Shutter trigger Angle
Figure 13: TCR+ FC SVC power control simulation

can be seen that the compensated tracking error v; (i = 1,2, 3)
and the error compensation variable ¢; (i = 1,2,3) possess
boundedness. Figure 16 and Figure 17 show the variation
curves of the control input signal for the adaptive rate and
SVC controllers, respectively. From the simulation results, it
can be seen that the control scheme proposed in this chapter
ensures that the closed-loop signal enters the bounded region
in a limited time. In recent years, as the complexity and size
of building power supply systems increase, the problem of
operational stability has become increasingly prominent. The
loss of stability of the power supply system can cause great
losses and damages to the whole building. In this subsection,
the stability control problem of a single machine infinity
power system with SVC is investigated, and a new finite time
fuzzy adaptive controller is designed considering the existence
of unknown nonlinear dynamics and external disturbance sig-
nals in the system. The proposed control strategy realizes the
stabilization control of all state variables in finite time, thus
ensuring the voltage stability at the access point of SVC equip-
ment. Different from the previous finite-time control scheme
a novel finite-time filter is introduced and the error compen-
sation variables are designed to ensure that the derivatives of
the virtual control signal can complete the approximation in
finite time. Finally, the effectiveness of the proposed control
scheme is proved by both theoretical and experimental means.
As an emerging reactive power compensation technology, the
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static reactive power compensator can efficiently balance the
reactive power of the power supply system, effectively reduce
the power loss, improve the stability of the power supply to
the building, and to a certain extent, effectively control the
system’s low-frequency vibration.

D. Discussion

Improvement of power quality is a hot issue in the future
social development, but also the key direction of the future
development of power grid technology. The research and
design of reactive power compensation device is an essential
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Figure 16: Adaptive rate variation curve
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part of this, and the design of a cost-effective reactive power
compensation device will have its broad application prospects.
Although the low-voltage TCR + TSC-type SVC designed in
this paper can meet the requirements of practical applications,
and has a certain degree of technical sophistication, but in the
following aspects there are still some defects to be improved
in the future action:

(1) Although the design of reactive power compensation
device in this paper takes into account the system of
anti-interference hardware circuit design, but for the re-
active power compensation device grid-connected work
in the process of harmonic generation, the electromag-
netic interference of the working environment as well as
reasonable anti-interference hardware circuit design has
to be followed by further systematic research in order
to improve the stability and reliability of the device
operation.

(2) In the low-voltage grid compensation reactive power
control, with the continuous updating and improvement
of modern control theory, the precise calculation and
control of compensation reactive power, the compensa-
tion of the device’s dynamic response is more rapid and
stable will also be a worthy of in-depth research in the
future.

IV. Conclusion

This study comprehensively analyzes the assessment and
control of building power quality, collects and analyzes data
through online monitoring technology, and establishes a com-
plete system of power quality technical indicators. In terms
of power quality assessment, the scientific quantitative assess-
ment of building power quality is realized through the meth-
ods of standardized processing and weight determination. The
test results show that the power quality index fluctuates within
the range of 0 to 9, effectively reflecting the actual power
quality status and proving the effectiveness of the assessment
system.

In terms of power quality control, the focus is on analyzing
the static reactive power compensation device (SVC) and its
application effect in power quality control. Through an in-
depth analysis of the working principle and control strategy
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of SVC, and combined with practical simulation experiments,
this study demonstrates the important role of SVC in enhanc-
ing power quality and stabilizing grid operation. The results of
simulation experiments show that SVC can effectively control
power quality and mitigate the impact of grid faults on power
stability, thus enhancing the overall performance of the power
system.

This study not only constructs a comprehensive build-
ing power quality assessment system, but also demonstrates
the possibility and effectiveness of improving power quality
through the application of practical control techniques. This
is of great significance for the stable operation of the power
system and the improvement of power quality, which not only
helps the power sector to understand the actual quality level
of power more comprehensively and carefully, and to find
and solve power quality problems in time, but also provides
a scientific basis for power pricing and consumer demand for
power.
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