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ANALYZING THE PROBLEM OF REACTIVE POWER
USING MIKRO PFR120 RELAY
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Abstract — Managing and operating low-
voltage distribution grids or high-voltage grids,
requiring electricity supply to ensure voltage
quality, improving power factors, and prioritizing
generating active power on the grid to supply en-
ergy to electrical loads is very important, serving
in daily life and industrial production. Therefore,
reactive power compensation is an effective solu-
tion with significant economic benefits. The com-
monly applied reactive power compensation tech-
niques in low-voltage power networks are fixed-
type and automatic-type reactive power compen-
sation. This paper focuses on the calculation and
experiment of static reactive power compensation
and automatic reactive power compensation on a
12-level capacitor model using a Mikro PFRI120
relay with an MFM384 multimeter. The study
compared theoretical results with experimental
measurements to validate the theoretical calcu-
lations. These measurements were taken from
an MFM384 multimeter and a Mikro PFRI120
relay, recording parameters related to static and
automatic reactive power compensation on our
model. This comparison demonstrates the accu-
racy of theoretical calculations. The recorded
results achieved an accurate value of 98% to
100%.

Keywords: automatic compensation experi-
ment, compare calculations with experiments,
fixed compensation experiment, Mikro PFR120
control relay.

I. INTRODUCTION

With Vietnam’s economic development, elec-
tricity as a kind of clean energy has become
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indispensable in people’s daily lives and work
[1]. An increase of reactive power in all areas of
industry and the national economy is observed.
Using electrical equipment with a low power
factor increases reactive power, leading to several
negative consequences for power quality and grid
losses. Therefore, the issue of reactive power
compensation to reduce power loss in the grid
and increase the reliability of power supply for
industrial enterprises needs attention [2]. To solve
the power quality problems mainly resulting from
electrical loads with low power factor [3], static
reactive power compensation and automatic re-
active power compensation are primarily applied
in power grids. Therefore, understanding the im-
portance of using and developing research in
the field of reactive power compensation, major
universities around the world have built advanced
laboratories to help lecturers and students par-
ticipate in research and study on reactive power
compensation control models to study two types
of static and automatic compensation problems
[4]. This study focuses on theoretical calcula-
tions and experiments of two issues: static reac-
tive power compensation and automatic reactive
power compensation on a capacitor bank model
using a Mikro PFR120 relay. Based on theoretical
calculations, the accuracy of theoretical calcu-
lations compared to experiments is determined
so that lecturers can study problems related to
reactive power compensation in the management
and operation of real power grids.

II. LITERATURE REVIEW

In recent years, there have been many research
projects on power compensation in the power grid
[1-8], the problem of reactive power compensa-
tion aims to improve the energy efficiency of
electrical equipment, reduce power and voltage



Nguyen Thanh Hien, Trieu Quoc Huy, Bui Thi Thu Thuy

losses in the power grid, and increase the voltage
at the end of the power supply line. To ensure
power quality, stabilize voltage, and reduce grid
losses due to low load power factors, according
to electricity industry regulations, the load power
factor must meet the requirement of 0.9 to 1.
From the benefits of reactive power compensa-
tion, studies related to capacitor compensation
are essential for practical applications such as
designing and manufacturing capacitor compen-
sation devices, control cabinets, and manufactur-
ing control relays. Currently, the techniques for
calculating reactive power compensation in the
power grid have two forms: fixed reactive power
compensation and automatic reactive power com-
pensation using control relays through the load’s
current, voltage, and power factor signals. Many
researchers have done reactive power composi-
tion or related to load characteristics to solve
the problem with voltage stability [5—8]. Ayalew
et al. [5] managed dynamic reactive power re-
serves based on optimal power flow and Bender’s
decomposition technique to improve voltage sta-
bility. Goel et al. [6] used a static synchronous
compensator (STATCOM) to enhance voltage
stability, which is applied in high voltage com-
pensation problems. According to the study of
Aye et al. [7], the use of parallel capacitor banks
to compensate reactive power for industrial loads
to increase the power factor from 0.95 to 0.98
has brought benefits such as reducing losses in
the power supply circuit, improving the voltage
at the source end, maintaining the nominal volt-
age and reducing electricity consumption costs.
Roos et al. [8] highlighted the need to address
harmonic filtering in reactive power compensa-
tion studies. Harmonics can distort voltage, and
installing filters during switching operations is
presented as the most practical solution. From
practical requirements, most power-consuming
devices impact power factors, which also cause
power loss, significantly affecting power qual-
ity and annual operating costs. Reactive power
compensation significantly improves power sys-
tem performance. It increases voltage levels, re-
duces power losses, and enhances operational ef-
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ficiency. This paper analyzes reactive power com-
pensation on a capacitor compensation model.
The analysis utilizes a Mikro PFR120 control
relay and an MFM384 multimeter. Experimental
results are presented and compared with theoreti-
cal values. The specific research objectives are to
calculate the types of resistive and reactive load
parameters, resistive load combined with reactive
load, calculate capacitor capacity, calculate typi-
cal fixed and automatic compensation problems
to perform experiments, and make comments
between the theoretical basis and experimental
results. The experimental results are accurate
with theoretical calculations.

III. RESEARCH METHODS

In the experiments, the reactive power com-
pensation problem is performed on a 12-level
reactive power compensation capacitor model,
as shown in Figure 1. The wiring diagram of
the Mikro PFR120 relay controller is shown in
Figure 2.

i

-
-
-

Fig. 1: Reactive power compensation model
uses Mikro PFR120 relay
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Fig. 2: Wiring connection diagram of Mikro
PFR120 Relay

A. Experimental samples and experimental pro-
cedures

The first experimental sample in this research
is to determine theoretical calculation results
compared to the experimental results measured
at MFM384 meters and the Mikro PFR120 relay.
The system operates with a 3-phase voltage of
400 V and a frequency of 50 Hz during fixed
compensation.

The second experimental sample determines
the results between theoretical calculations com-
pared to experimental results measured on the
MFM384 copper graph and the Mikro PFR120
relay. The system operates with a 3-phase voltage
of 400 V and a frequency of 50 Hz during
automatic reactive power compensation.

Step 1: Calculate the theory based on the
parameters of resistive load, reactive load, and
compensation capacitor on the Mikro PFR120
relay compensation capacitor model.

Step 2: Calculate the theory of fixed com-
pensation (static compensation) and automatic
compensation and create a data table based on
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the electricity load graph.

Step 3: Select compensation capacitors accord-
ing to the calculation requirements of the fixed
compensation problem (static compensation) and
the automatic compensation problem according
to the resistive load and reactive load models.

Step 4: Wire the load model and compensation
capacitors for the fixed compensation problem
(static compensation). Wire the resistive load
model, reactive load, and compensation capac-
itors into the calculated Mikro PFR120 Relay
switches for the automatic compensation prob-
lem.

Step 5: Experiment and record the results
displayed on the MFM384 meter and the Mikro
PFR120 Relay.

Step 6: Make a table to record the results,
compare, comment, and draw a graph.

B. The first experimental sample implementing
the fixed reactive power compensation problem

A star-connected, three-phase resistive load
(R3 = Rg = R9g = 180 Q) was tested at 400 V.

B

El

[

LI-R L35 Li-T

Fig. 3: Resistive load model

Three-phase active power is calculated using
Equation (1).

Three-phase apparent power is calculated using
Equation (2).

S=PI(V4);: Q=0 Var;
cosp =1

(2)
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Table 1: Resistive load parameters

Ua f |R=Re=Rs| P S | coso
) Hz) (o) W) | (VA)
400 50 180 889[ 889 1

A three-phase star-connected reactive load ex-
periment was conducted using inductors with a
self-inductance coefficient of 1.15 H (I, = L5 =
Lg), a frequency of 50 Hz, and a voltage of 400
V.

Li-R L& LT

Fig. 4: Reactive load model

Reactive load is calculated using Equation (3).

X, =Lo=L21f) (3)

Three-phase reactive power is calculated using
Equation (4).

U;

¢

0=—2 (van (4

Three-phase apparent power is calculated using
Equation (5).

S=0(r4); P=0W;sing=1

(5)

Table 2: Reactive load parameters

U f  |L=Ls=Ls|Xx=Xs=Rs| Q S
M | Hg | H) ) (VA | (VA)
400 50 1.15 361 443 443

A three-phase star-connected capacitor bank
with a capacitance of 4 UF (C3pp45.) Was tested at
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50 Hz and 400 V. The reactive power of a single-
phase capacitor is calculated using Equation (6).

.
L >
QC‘—lptase - [’ phase '—""T'.f."r 'Clpr.asa_

I w2 6)
400 ] (
| 225012107 =201(VA4r)

)

M

The reactive power of a three-phase capacitor
is calculated using Equation (7).

QC‘—Sphasa =3 'QC—lphasa

7
=3.201=603 (VAr) @

The reactive power of the three-phase capacitor
is calculated using Equation (8).

QC—Sph ase 3 L;h ase’ 2zt C:lph ase 603 (\IAT) (8)

Table 3: Calculate the reactive power of the

capacitor
Ua f Ciphase | Ciphase | QC-lphase | Q_3ghase
V) | Hz) | WF) | WF) | (VAn | (VA
400 30 12 4 201 603

A three-phase star-connected resistive load (R3
= Rg = Ry = 180 Q) was tested. A separate
three-phase star-connected reactive load experi-
ment was conducted using inductors with a self-
inductance coefficient of 1.15 H (L, = Ls
Lg), operating at 50 Hz, and having a reactive
load of 361 Q (X, = X5 = Xg). A three-phase
reactive capacitor bank with a capacitance of 4
mF (C3ppase), as detailed in Table 4, was also
utilized.

Table 4: Parameters of resistive load, reactive
load, and capacitor capacity

Ua f | Ciphase | Ciphase |[R3=Rs=Rag|X2=X5=Xs
V) | Hz) | F) | q@F) ) )
400 50 12 4 180 361

Figure 5 shows the experimental wiring dia-
gram for a fixed capacitor with a capacitance of

4 [,LF (C3phase)-
Active power is calculated using Equation (9).

U
:—‘J7 / 9
P 2 wy (9
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Table 5: Calculation parameters for three-phase
resistive loads R3 = Rg = Rg = 180 Q; reactive
load X, = X5 = Xg = 361 Q without reactive
power compensation

f P Q 5
Ua Hz oW | (VAn | va) I{A) | cosp
400 50 889 443 9333 135 095

Three-phase capacitor reactive power (and cor-
responding capacitance) is calculated using Equa-

tions (14) and (15).

QC‘ = 3'["‘-1:?3;2'2":‘{'.4{;:'6‘11:1:&;;_ (K‘IF) (]4)

i \Il

U,

or: Q. =32 | 2xf, Cp... F4Ar) (15)
c \_«J@, f 1phass

The reactive power after capacitor installation
is calculated using Equation (16).

Obu:O - QC‘ (Iﬂ{}) (16)

Fig. 5: Experimental wiring diagram of fixed

condenser with capacitor C3ppa5e = 4 UF.
The three-phase apparent power after installing

the capacitor is calculated using Equation (17).

(lgeactlve power is calculated using Equation s, = mm 4 (17
Uz
QZ_L(‘*AG (10) After installing the capacitor, the load current
is calculated using Equation (18).
Apparent power is calculated using Equation s
(D). In=7p— 19

S=JPt+0* 74) (11)
After installing the capacitor, the power factor

The power factor (COS(P) is calculated using (COS) is calculated using Equation (19)

Equation (12).
cos '?)bl.' :i (19}
b

cos:p=§ (12)
The reactive power compensation capacitor

The load current is calculated using Equation (and its corresponding capacitance) is calculated
(13). using Equation (20).

5 (13)
BU, Qc_«=P.(tge —tgoc) (kVAr) (20)

I =

160
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When selecting capacitors, consider the follow-
ing conditions, choosing values based on avail-
able manufacturer specifications.

rl'." 2 1:5'47"1'&?: QC 2QI’."—)‘J' (2“ ]')

Based on the first experimental sample cal-
culations, the wiring was connected, and the
experimental results were recorded.

C. The second test sample performing the prob-
lem of automatic reactive power compensation

A laboratory load model, consisting of resistive
and reactive components, enables users to adjust
the load via a switching system (NO/NC). The
electrical load configuration depicted in Figure
6 is used to calculate and experiment with auto-
matic reactive power compensation. The objec-
tive is to raise the power factor (cos¢) to 0.95
by industry regulations. The system operates at a
supply voltage of 400 V and a frequency of 50
Hz.

P(W) . Coso
1333 f————— e —— 0.83
10— et — - - -} —— 0.71
ssssfb———4--———- - ———————f—————1 0.63
|
|
|
6666 [--—4------—1-- e R 071
I i !
4444 f——-———— U S R B 056
|
_________ Lo _
2222 - ‘ - 0.45
| | | ! !
0o 7 10 13 17 22 24 ft(hour)

Fig. 6: Electric load chart

Reactive power and load current were calcu-
lated using Equations (22) and (23) based on the
load diagram shown in Figure 6.

Q="P.tagp (VA1) (22)

;AP0 @a  (23)
BU,

Resistor parameters on laboratory load model:
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R1 = R4 = R7 = 72OQ;R2 = R5 = Rg =
360 .Q;Rg = R6 = R9 =180 Q;

Reactance parameters on laboratory load
model:

L] :L4:L7 :2.3H;X1 :X4 :X7 =722 .Q;

L2 :L5 :Lg = 1.15H;X2 :X5 :Xg =360 Q.;

L3 :L6 :Lg = O.58H;X3 :X6 :Xg =182 Q.;

Table 6: Calculation of electrical load
parameters from the load chart in Figure 6
R P X Q

o) @ | @ | @ | ag | P |
0=7 360 444 4 2402 666.1 0.56 1.16
710 144 11111 1454 1100 0.71 226

10=13 240 666.6 2402 666.1 0.71 1.36
13+17 180 8888 1454 1100 0.63 2.04
17=22 120 | 13333 182 879.1 0.83 23
22-24 720 2222 360 4444 0.45 0.72

The reactive power of the capacitor is calcu-
lated using Equation (24).

Qcu= P.(tago - tagpe)  (24)

Table 7: Calculating automatic capacitor
reactive power over time

t (hour) (‘I,:F) (\J’?ﬁr} cos( | cospc (SX:)
0=7 444 4 666.1 056 095 5114
=10 11111 1100 0.71 0.95 736.8
10=13 666.6 666.6 0.71 0.95 422.1
13+17 888.8 1100 0.63 0.95 8035
17+22 1333.3 879.1 0.83 0.95 457.7
2224 2222 444 4 0.45 0.95 3679

The three-phase capacitor reactive power on
the laboratory load model is calculated using
Equation (25).

QC‘ =3 vajh ase’ 2x'f'clﬂ‘h ase (25)

Based on the calculation results presented in
Table 7, the following three-phase capacitor re-
active capacities were selected for the Mikro
PFR120 Relay’s control switch "K’:

Capacitor parameters on laboratory load
model.

Cl—phuse = C2—phase =6 Uk,
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C1—3phase = C2—3phase =2 uF.
The formula for calculating the reactive capac-
itance (capacity) is given by Equation (26).
Q

Oc1 sphae = Cor 3pmaee =30 20.1.C

1 phase

(400’ (26)
=3

] | 27506.1075 =301
L3

(FAr)

The calculation results of other capacitor val-
ues are as follows:

C3phase= Co phase= 7.5 UF;
C3.3phase= Ca-3phase= 2 5 UF.

Qc3_3 phase = Q¢4 3phase = 377 VAr
Cs-phiaze= 9 UF; Cs.3 phase= 3 UF;
Qe sphase— 452 VAr

Cé phaze = 12 PF; Ceaphase = 4 UF;
Qs 3phase = 603 VAr

Table 8: Summary of calculation of reactive
power of three-phase capacitors

Ua (V) 400 Clphase Caphase
fHz) 50 (uF) (LF)
Qe 3phase (Var) 301 6 2
Qe2_3phasa (VAr) 301 6 2
Qc3_3phase (Var) 377 7.5 2.5
Qc4_Iphass (VAD) 377 7.5 2.5
Q5 3phase (VAr) 452 9 3
QC6 3phasa (VAR 603 12 4

Based on the capacitor capacity calculation
parameters in Table 8, the capacitor values for the
PFR120 control relay’s control keys were chosen
as follows:

Control switch K1: QC1 =301 VAr

Control switch K2: QC5 =452 VAr

Control switch K3: QC6 = 603 VAr

A capacitor capacity control table, correspond-
ing to the ‘K’ switches on the Mikro PFR120
relay, was created and is shown in Table 9.

Table 9: Capacitor capacity at the ‘K’ switches
of the Mikro PFR120 relay

t (hour) 0=7 7+10 | 10=13 | 13=17 | 1722 | 22=24

Qect(VAr) 5114 | 736.8 | 422.1 | BO3.5 | 457.7 | 367.8
Control switch| K3 Kl1; K2 K2 K3: K1 K2 K2
Qc(VAI) 603 |301;452] 452 |603;301] 452 452

The Mikro PFR120 relay controller operates
by sequentially switching in capacitors, starting

162

ELECTRICAL AND ELECTRONIC TECHNOLOGY

with the smallest and progressing to the largest.
Within a closed loop, the capacitor changed is
the first to be switched out.

. ~
— e WO

T p— ——
SET FOR CONTROL OF THE POWER FACTOR

o o
LK .
L m.QI o 1 ...—.ro & e
XS X XTox§ MO

Fig. 7: Connector on Relay Model Mikro
PFR120

The current power factor during reactive power
compensation and the power factor after auto-
matic compensation were calculated using Equa-
tions (27) and (28), respectively.

P 4 (Q _QC‘): } 2?
—vﬁa @7

Bu-rr =

@9

The wiring was connected based on the second
test sample calculations, and the experimental
results were recorded.

IV. RESULTS AND DISCUSSION

Using the first experimental sample, the fixed
reactive power compensation was investigated.
This involved calculating a capacitor bank’s resis-
tive, reactive, and required capacitive reactance
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(and corresponding capacitance) with capaci-
tance value C3pj5e = 4 WF. The study conducted
wiring and tested the problem of reactive power
compensation, with the results shown in Tables
10, 11, and 12.

Table 10: Calculation of parameters for
three-phase resistive loads;
R3 = Rg = Ry = 180 Q reactive load
X, = X5 = Xg = 361 Q, when three-phase
capacity C3ppase = 4 UF

P Q Qc |Q=Q-Qc| St
{m (‘-YAI ) {-‘,'A_r) (\' AI) (‘V- A) Ibu(A) COSDy
889 443 603 -160| 903 1.3 -0.98

Table 11: Measurement of parameters
in MFM384 meters

Tw(A) | Exact — Exact
I(A) | MFM \-'al}le cos Qb MEM384! value
384 % %
13 13 100 -098 -0.98 100

Table 12: Measurement of parameters
in Mikro PFR120

Exact Exact

Ia(A) | COSPb i Lamp
Te(A) |pER 12 "‘"‘;:‘3 €0sPe | pER120 "af,‘:e PFR120
13 129 99 098 098 100| ‘CAP®

The results in Table 5 demonstrate that the
calculated and measured resistance and reactive
loads achieve a power factor of 0.95, meeting in-
dustry standards. Therefore, reactive power com-
pensation is unnecessary. However, if the experi-
ment installs a capacitor with 3-phase capacitance
C3phase = 4 UF, the theoretical calculation results
and experimental results are presented in Tables
10, 11, and 12. The power factor measured at
the MFM384 meter displays ‘-’ or display lamp
on the screen of the Mikro PFR120 relay ‘CAP’
is due to the capacitor capacity (capacitance)
being more significant than the calculated value
when compensating, leading to overcompensa-
tion. When implementing the problem of reac-
tive power compensation on the power grid, it
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is necessary to calculate reactive power com-
pensation to increase the power factor accord-
ing to electricity industry regulations (reaching
0.95 or more and not exceeding 1). Therefore,
the capacity of the capacitor must be selected
following the reactive power of the load to be
compensated to avoid excess compensation. The
power triangle during the experiment is shown
in Figure 8. When measuring at the MFM384
meter and the Mikro PFR120 relay, calculations,
and experimental results were recorded to be 99%
to 100% accurate compared to the theoretical
calculation results.

Q(Var)

Qu=Q-Q |
=160 (VAD |

Qe (Var)

Fig. 8: Power triangle when compensating
excess reactive power

The automatic compensation problem was cal-
culated and performed from the second experi-
mental sample using the load-switching method
via the control switch system (NO/NC). The
results are shown in Table 13 and Figure 9.

Table 13: Automatic compensation calculation
of parameters and experiments when measuring
in MFM384 meters and Mikro PFR120 relay

t (hour) 0=7| 7+10] 10=13 | 13=17| 1722 | 22=24
I(A) 116] 226| 136] 204 23| 072
Tow(A) 065] 17 10| 131 20 032
Tou(A)

NEAGes | 064 173 10| 132 20| 03
Tou(A)

PER130 064| 173 10| 132 20| 032

E"““;,::al“e 99 9g | 100 99| 100| 100
COSQbutt 099 095] 095] o098 10| 10
COSQbu
AEvzgs | 099 096| 096 097 098 1.0
COSQbu
PERI20 099| 096| 096| 097| 098 1.0

E"““;,:’al“e 100 99| 98| 99| 98| 100
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Diagrams of current and power factors were
created without and with reactive power compen-
sation.

Diagram of current and power factor without reactive
power compensation and when performing reactive
power compensation problem

—— Current Ioad I{A) ==——cosj load
Tbu(A)PFRI20  ==e=cosjbu PFR120

—Tbu-tt{A)

Fig. 9: Current and power factor diagram
without compensation and compensation

Table 13 and Figure 9 show the results of
reactive power compensation calculations. These
results guided the selection of capacitors for
the Mikro PPR120 controller’s switches. Exper-
iments confirmed that the compensated current
was lower than the initial uncompensated load
current, demonstrating reduced reactive power.
Results recorded at the MFM384 meter and
Mikro PFR120 control relay show that the power
factor reaches 0.95 or more. Record the current
value after compensation with theoretical calcula-
tions accurate from 98% to 100%; the calculated
power factor after compensation compared to the
experiment is from 98% to 100%.

V. CONCLUSION

This article has analyzed problems related
to fixed and automatic compensation based on
theoretical calculations and performed experi-
ments to record the relevant values displayed on
the MFM384 multi-function meter and Mikro
PFR120 control relay. The highlight of this re-
search method is a theoretical calculation, fol-
lowed by an experimental comparison of the
results between the MFM384 measurement chart
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and the PFR120 capacitor control relay on the 12-
level Mikro capacitor model. The research results
show that the theoretical calculation compared
with the experiment is accurate from 98% to
100%, which is also the knowledge to research
reactive power compensation in the management
and operation of the actual power grid. The
proposed future research direction is to use the
12-level capacitor and low-voltage line models
to calculate reactive power compensation on the
power grid, considering the voltage distortion
caused by harmonics.
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