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ABSTRACT 

This paper proposes some solutions to improve voltage quality and continuous power supply for electric load in 

distribution power substations. For the solution of using voltage tap changer in the transformer, voltage ratio can 

be regulated and helps to improve voltage quality for electric loads at the secondary side of the transformer. For 

the solution of using reserved generator, the structure of power circuit will be proposed to create another source 

that can replace electric power in case of having a failure at one of transformers. For the solution of using 

uninterruptible power supplies, their designing structure will be proposed to have many switching operations 

such as manual/remote/automation to limit the ability to overload and increase their lifetime. A thirteen-bus grid, 

called E13 grid, will be also introduce in this paper to evaluate operating parameters and the effectiveness of 

proposed solutions. Simulation carried out by ETAP software will show the meaning of each proposed solution 

to improve voltage quality for all buses in the grid and ensure continuous power supply in different operating 

case studies. Power losses in these case studies will be also evaluated to show the overload problem of the 

uninterruptible power supply in case of having different length of cable after it. Simulation results will make 

detailed about proposed ideas and their meaning when applied in real distribution power substations. 

Index Terms: Continuous power supply, Power transformer, Newton-Raphson, Reserved generator, 

Uninterruptible Power Supply, Voltage tap changer, Voltage quality. 

INTRODUCTION 

Introduction 

Distribution power grids have been developing widely to meet the increase of both civil and industry electric 

loads. They can be water pumps, high-price electronic devices. So, the power quality for electric power supply is 

required more highly than previous time due to the requirements of both technology process and their devices to 

maintain their lifetime [1-2]. 

Power quality is characterized by some main factors, such as voltage and frequency deviation, continuous power 

supply, total harmonic distortion (THD) [2]. Simultaneous value of both voltage, frequency, and THD can be 

varies in allowable ranges corresponding to normal or fault operating modes. It must be noted that the higher 

voltage and frequency deviation is, the lower power quality is. Continuous power supply can be evaluated by the 

capability to meet power for electric loads in all operating modes, including normal, maximum, minimum and 

fault modes. In case of having failures of main devices in the transmission lines, continuous power supply will be 

ensured by reserved solutions. According to the circular 39/2015/TT-BCT signed at 18/11/2015 of the Ministry 

of Industry and Trade, Vietnam, THD of voltage in distribution power grid at medium and low voltage coupling 

points must be smaller than 6.5% [3]. However, THD at some specical points having advanced electronic devices 

requires much smaller value than 6.5% to maintain lifetime of electronic boards. 

Many studies have shown some solutions to improve power quality such as non-controlled capacitor banks, 

controlled capacitor banks, reactors, parallel transmission lines, switching method for circuit breakers, voltage tap 

changer of power transformers, etc [4-14]. Controlled capacitors or reactors are very useful to improve power 
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quality and filtrate harmonic. These devices can make high investment cost, so they are only implemented at some 

important locations. Recently, power converters have been developed and applied very widely in many fields to 

regulate photovoltaic and wind power generations, energy storage system (ESS), FACTS devices, etc. They are 

often coupled in the same structure using DCbus or ACbus parallel to combine DC/DC bidirectional power 

converters, AC/DC and DC/AC unidirectional power converters [15]. ESSs, lithium battery or accumulator, can 

be regulated by switches in the DC/DC bidirectional power converter to change its charging or discharging states. 

They can work as a reserved power generation for electric loads and are called uninterruptible power supply 

(UPS) [16-19]. UPSs can help to change the direction of power flow from electric grid to ESS without interrupting 

power at any time or very small time that doesn't affect to electric loads. However, it must be created a suitable 

designing structure hardware and power system that are evaluated about problems of continuous power supply 

and capability to be overloaded by simulation tools. 

This paper will focus on solutions to improve voltage quality and continuous power supply for electric loads in a 

distribution power substation. The next section will introduce the method and tool to evaluate voltage quality and 

continuous power supply in a distribution power substation. This section will also introduce and analyze a 

thirteen-bus power grid, called E13 grid, by using ETAP software. Section III will propose three solutions to 

improve voltage quality and continuous power supply, including voltage tap changer of the distribution power 

transformer, reserved generator and UPSs. This section will show some simulation results and designing solution 

to avoid overload for UPSs. The last section will present some important conclusions, including evaluations about 

simulation results and some proposes for designing, operating and the next research problem in the future. 

METHOD TO EVALUATE VOLTAGE QUALITY AND CONTINUOUS POWER 

SUPPLY IN DISTRIBUTION POWER SUBSTATIONS 

A. Requirements of voltage quality and continuous power supply 

Voltage quality can be evaluated by the value of voltage deviation as depicted in (1) [2]: 

 

100%
n

n

U U
U

U

−
 =   1  

where: Un is nominal value of grid voltage; U is simultaneous module value of grid voltage. 

The smaller U is, the better voltage quality is. In distribution power grid, allowable value for voltage deviation 

is 5%. If voltage deviation in some operating modes is higher than 5%, it must apply some operating or designing 

solutions to decrease this voltage drop. 

The solution is often applied to ensure continuous power supply such as increasing the number of transmission 

line from source to electric loads or using a reserved power source. Considering a power substation as depicted 

in Fig. 1, where Load2 has an important load that is provided by a line. 

~

Power 

Grid

T1

T2

BusT1

BusT2BusT

Load2

Load1

 

Fig. 1 A general distribution power substation 

At normal operating mode, Power of Load1 and Load2 can be supplied from both T1 and T2 transformers. Switch 

CB is often operated at opened state as represented in Fig. 2. 
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Fig. 2 Power flows in the substation in normal operating state 

In case of service out for T2 transformer, important load of Load2 is still supplied from T1 transformer by 

switching CB on as shown in Fig. 3. 
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Fig. 3 Power flows in the substation after T2 transformer cut off 

In case of cutting a transmission line in the double line connected from BusT2 to Load2, the T2 transformer 

continuously supplies power for important load in Load2 as depicted in Fig. 4. 

~

Power 
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T1

T2

BusT1

BusT2

BusT

Load2

Load1

CB

 

Fig. 4 Power flows in the substation after a transmission line cut off 

It is easy to recognize that it must be create other solutions to improve voltage quality, continuous power supply, 

and reduce power loss. To have this, it must be analyzed and evaluated by mathematical and simulation tools as 

represented in the next parts. 

B. Mathematical tool 

Mathematical model of medium voltage transmission lines is described in Fig. 5 [20-21]. 

Bus i Bus j

zij= Rij+jXij

 

Fig. 5 Mathematical model of transmission line in medium voltage systems 

Where: Rij () is resistance and Xij () is reactance of the transmission line connecting bus i and bus j. 

Mathematical model of two-winding transformer is described in Fig. 6. 
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Bus i Bus j  

a. Power transformer 

Bus i Bus j

zT = RT+jXTKij

 

b. Equivalent circuit 

Fig. 6 Mathematical model of two-winding transformer 

Where: RT () is resistance and XT () is reactance of the transformer; Kij is voltage ratio between bus i and bus 

j of ideal transformer (without power loss). In Fig. 6b, voltage value of bus i is higher than voltage value of bus 

j, so bus i is called HV bus and bus j is called LV bus. 

A general distribution system include (N+1) buses, where N buses are normal buses and a bus is ground. Any 

branch in the system can be classified to the standard line or transformer branch. These branches can be defined 

by a general standard branch as depicted in Fig. 7 [20-21]. 

Bus i Bus j

zij

Kij
J
.

Ui

.
Uj

.

Ui'

.

i'

Iij

.
.

 

a. Bus i connecting to the ideal transformer directly 

Bus i Bus j
Kij

J
.

Ui

.
Uj

.

Uj'

.

j'

Iij

.

zij

.

 

b. Bus i connecting to the ideal transformer indirectly through an impedance 

Fig. 7 Diagram of general standard branch 

In Fig. 7a and Fig. 7b, the current source 
iJ  (from generations) is injects to bus i. If the branch describes a 

transformer, voltage ratio can be calculated forward to bus i that is '

'

i
ij

i

U
K

U
= . If the branch describes a 

transmission line, voltage ratio is 1ijK = . 

Applying Kirchhoff 1, current balancing equation at bus i can be determined by (2) [7].: 

 

0

N

ij i

j
j i

I J
=


=  2  

Using I’ij, equation (1) can be converted to equation (3): 

 

'

0

N

ij ij i

j
j i

K I J
=


=  3  
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Using Ohm's law for i'j branch, equation (3) can be converted to equation (4) [7]: 

 

0

N

ii k ij j i

j
j i

Y U Y U J
=


+ =  4  

where: 
iiY  is individual admittance of bus i and 

ijY  is interactive admittance of branch ij. 

iiY , 
ijY  can be determined by equation (5) and (6) [7].: 

 

2
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j ij
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ij

ij

ij

K
Y

Z
= −  6  

Working the same with Fig. 7b, 
iiY  can be defined by equation (7): 

 

0

1N

ii

j ij
j i

Y
Z=



=   7  

In general case study, bus i can be connected to m buses directly through ideal transformers and k buses indirectly 

through ideal transformers. 
iiY  can be determined by equation (8) [20-21]: 

 

2

0 0

1k m
ij
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j jij ij
j i j i

K
Y

Z Z= =
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= +   8  

Current balancing equations for whole system can be described in system of equations (9). 
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 9  

From equation (9), matrix admittance can be derived as (10): 

 

11 12 1

21 22 2

1 2

...

...

... ... ... ...

...

N

N

N N NN

Y Y Y

Y Y Y
Y

Y Y Y

 
 
 =
 
 
  

 10  

Almost buses in distribution systems are PQ buses (load buses). Capacitors can be implemented at these buses 

and considered as reactive generators. In these systems, Newton-Raphson method is often used to determine 

power flows and voltage buses.  

To determine operating parameters for N-bus grid by using Newton-Raphson method, system of power balancing 

equations at bus i can be defined by (11) and (12) [7]: 
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where:  1, ; ;i i i ij ij iji N U U Y y= =  =  . 

PLi and QLi are active and reactive load power at the bus i; QCi are active and reactive power of the capacitor 

bank at the bus i. 

From solutions at the kth step including ( )k

i  and ( )k

iU , values of ( )k

iP  and ( )k

iQ  can be calculated. Moreover, 

values of ( )k

i  and ( )k

iU  at the kth step can be calculated by using reversed Jacobian matrix as described in 

equation (13) [20-21]: 
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 3  

where: J is Jacobian matrix. 

Jacobian matrix at the ith step: 1 2

3 4

J J
J

J J

 
=  

 

 

Solutions at the next step can be determined by equation (14) [20-21]:  
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( 1) ( ) ( )
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i i i
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= +     
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 4

 

This process will be stopped if both values of Pi and Qi are smaller than allowable value  [7-9]. Fig. 8 

describes the Newton-Raphson method to analyze a distribution system. 

Start

Enter initial parameters: rated voltage; transmission lines; 

transformers; electric loads at buses; bus types; acceptable 

deviation of caculation; active and reactive power of generations

Calculate impedance matric (Y)

 
Pi

(k) <  and 

Qi
(k)< 

Y

N

Calculate Jacobian and 

reservered Jacobian matrices

Assign intial values of Ui(0) and i(0), i=(1÷N)

Calculate Pi
(k) and Qi

(k)

Calculate Ui
(k) and i

(k)

Power-flow 

analysis results

Stop

k:=k+1

 

Fig. 8. Newton-Raphson algorithm to analyze whole grid 

The Newton-Raphson method possesses a unique quadratic convergence characteristic. It usually has a very fast 

convergence speed compared to other load flow calculation methods. It also has the advantage that the 
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convergence criteria are specified to ensure convergence for bus real power and reactive power mismatches. This 

criterion gives you direct control of the accuracy you want to specify for the load flow solution. The convergence 

criteria for the Newton-Raphson method are typically set to 0.001 MW and MVAr. 

C. Using Newton-Raphson and ETAP software to analyze power quality 

The Newton-Raphson method is highly dependent on the bus voltage initial values. A careful selection of bus 

voltage initial values is strongly recommended. Before running load flow using the Newton-Raphson method, 

ETAP makes a few Gauss-Seidel iterations to establish a set of sound initial values for the bus voltages. 

Considering a thirteen-bus distribution power grid, called E13 grid and represented in Fig. 9. 

~

Power 

Grid

T1

T2

Load

SystemA

BusT1 BusA

BusSysA

BusT2 BusB

BusSysB

LoadB1

LoadB2

LoadB3
LoadB4

LoadB5

BusB2

BusB5

BusB6

BusB7

BusB3

BusB8

BusT

 

Fig. 9. Diagram of E13 grid 

Parameters of transmission lines in Table I, power source in Table II, transformers in Table III, electric load at 

bused in Table IV.  

Table1: Parameters of Transmission Lines 

Name Sectional area of a conductor 

(mm2) 

Insulation Length 

(m) 

Number of 

conductors/phase 

BusT1-BusA 300 XLPE 70 5 

BusA-BusSysA 300 XLPE 15 5 

BusT2-BusB 300 XLPE 80 6 

BusB-BusSysB 300 XLPE 20 6 

BusSysB-BusB2 300 XLPE 16 2 

BusB2-BusB5 300 XLPE 30 2 

BusB5-BusB6 185 XLPE 28 1 

BusB5-BusB7 185 XLPE 24 1 

BusB2-BusB3 185 XLPE 40 2 
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BusB3-BusB8 400 XLPE 20 5 

Table 2: Parameters of source 

Type Parameters 

Power system Rated voltage: 22 kV; Short-circuit power: 250 MVA; Reactance/Resistance: 10 

Table 3: Transformers 

Location Parameters 

T1 and T2 Voltage ratio: 110/35 kV; Rated power: 25 MVA; Impedance: Z=10%; 

Reactance/Resistance=20 

Table 4: Parameters of electric load at buses 

Name Apparent power (MVA) cos Type 

Load SystemA 4805 593.3  

 

Static load 

LoadB1 10 3.28 

LoadB2 100 32.9 

LoadB3 285 93.67 

LoadB4 304 99.82 

LoadB5 1140.1 374.3 

Using Newton-Raphson method and ETAP to analyze E13 grid at normal operating state, simulation result is 

represented in Fig. 10. 

 

Fig. 10 Simulation result for analyzing E13 grid at normal operating state 

From simulation result in Fig. 10, it is easy to note that voltage deviations at Bus B4, Bus B5, Bus B6, Bus B7 

are highest (higher than 5%). 

Using loss report function in ETAP software, the branch losses summary report in this operating mode is shown 

in TABLE V. It showed the power loss is 91.5+257.7 kVAr. 
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Table 5: Branch losses report in normal operating mode 

 

Assuming faults similar to Part A in this section, simulation result in Fig. 11 showed that all loads after Bus B2 

were cut off in case of having failure on BusB1-B2 cable. 

 

Fig. 11 Simulation result in case of having failure on BusB1-B2 cable 

Simulation result in case of having failure on T2 transformer and servicing out is depicted in Fig. 12. 

Work similarly  

 

Fig. 12 Simulation result in case of having failure on T2 transformer and servicing out 

Above simulation results showed that voltage quality in E13 grid wasn't held in allowable range (voltage 

deviations were smaller than 5%) and electric loads were cut off in cases of having failure on main transmission 

lines or main transformer. 

Propose solutions to improve power quality for E13 grid 

A. Using voltage tap changer 

All distribution power transformers are manufactured with the voltage regulator implemented at the primary side  
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to regulate voltage at the secondary side in a limited range. It often has 5 levels that help to increase/decrease 

±2,5%Un as depicted in Fig. 13. 

             ULV

UMV

 

Fig. 13 Voltage regulator in distribution power transformers 

If voltage value at the primary side is approximate nominal value, the voltage regulator will be controlled to set 

at the 2-number location. If voltage value at the primary side is higher than nominal value, the voltage regulator 

will be controlled to set at the 0-number or 1-number  location. If voltage value at the primary side is smaller than 

nominal value, the voltage regulator will be controlled to set at the 3-number or 4-number  location. It must be 

noted that voltage tap changer of distribution power substations only allows to change winding ratio in de-

energizing state (called DETC for de-energized tap changer). So, the change of this regulator is not executed 

regularly. It is often operated in planning times corresponding to the variation of grid parameters [3], [9], [11-14]. 

Using Newton-Raphson and ETAP software to simulate E13 grid in case of voltage tap changer at -5%, simulation 

result is represented in Fig. 14. 

 

Fig. 14 Simulation result in case of using -5% level of voltage tap changer 

Using loss report function in ETAP software, the branch losses summary report in this operating mode is shown 

in TABLE VI. It showed the power loss is 97+272.2 kVAr. 

Table 6: Branch losses report in the mode using voltage tap changer 
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B. Using reserved generator 

This generator uses fossil fuel to generate power and is considered as a reserved power generation for main source 

(power grid). It often includes some main units: rotor, generator, fuel tank, fuel pump, automatic voltage regulator, 

wind/water cooling system, etc [22]. 

Using Newton-Raphson và ETAP software to simulate E13 grid in case of having a reserved generator to replace 

T2 transformer, simulation result is represented in Fig. 14. Parameters of the generator are: rated power 2000 

kVA; cos=0.95. Parameters of BusG-BusA cable: type XLPE 5×300 mm2; 31m length. Parameters of BusG-

BusB cable: type XLPE 5×300 mm2; 27.7m length. It is noted that the generator in this system structure must be 

designed to replace both T1 and T2 transformers if one of them is serviced out. 

 

Fig. 15 Simulation result in case of using the reserved generator 

Using loss report function in ETAP software, the branch losses summary report in this operating mode is shown 

in TABLE VII. It showed the power loss is 66+146.3 kVAr. 

Table 7: Branch losses report in the mode using a reserved generator 

 

C. Using UPSs 

A basic internal structure of an UPS is represented in Fig. 16 [16-19]. 
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Fig. 16 A basic internal structure of a UPS 
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In the operating process, an UPS with basic internal structure has power flows in case of no-load and not full 

capacity for ESS as depicted in Fig. 17. In this case study, DC/AC power converter still consumes a small power 

corresponding to power losses in units to maintain its output voltage. 
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Bidirectional 
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converter

Power 

Grid

Electric 

loads

DCbus

ACbusPower from grid

Charge ESS

 

Fig. 17 Power flows in case of no-load and not full capacity for ESS 

In the operating process, an UPS with basic internal structure has power flows in case of having load and full 

capacity for ESS as depicted in Fig. 18. In this case study, DC/DC bidirectional power converter still consumes a 

small power corresponding to power losses in units to maintain ready state for charging ESS. 
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Fig. 18 Power flows in case of having load and full capacity for ESS 

In the operating process, an UPS with basic internal structure has power flows in case of having load and not full 

capacity for ESS as depicted in Fig. 19. In this case study, all power converter still consumes a power 

corresponding to power losses in units to transmit power from power grid to loads. 
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Fig. 19 Power flows in case of having load and not full capacity for ESS 

Due to above analysis, UPSs always cause a mount of power losses and it must be applied a control method to 

avoid failures for their power converters when having external faults at their load side. Some bypass switches are 

proposed as depicted in Fig. 20 to execute this idea. 
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Fig. 20 Proposing bypass switches in UPSs to avoid external faults 

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume IX Issue IX September 2024 

 

 

 

 

 

 

Page 243 www.rsisinternational.org 

 

   

 

 

To operate above propose, SW1 and SW2 switches will be worked in interlock control witch SW3 and SW4 

switches corresponding to automatic/manual mode to cut power converters out of both their input and output 

terminals. In this bypass operation, all power converters in UPSs doesn't work as represented in Fig. 21. 
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Fig. 21 Bypass operation in UPS 

Using Newton-Raphson và ETAP software to simulate E13 grid in case of using two UPSs connected in parallel 

(A9 and A10), simulation result is represented in Fig. 22. Parameters of the UPSs are: rated power 400 kVA; 

cos=0.95. In Fig. 22, parameters of cables from UPSs to Bus B2 are: type XLPE 185 mm2; 12m length. It must 

be emphasized that these cables have the same parameters and UPSs work together to meet power for loads. It 

means that CabB1-B2 cable are designed to reserve for UPSs and it only works if UPSs have failure. 

 

Fig. 22 Simulation result in case of using two UPSs and the same parameters for cables from UPSs to Bus B2 

Using loss report function in ETAP software, the branch losses summary report in this operating mode is shown 

in TABLE VIII. It showed the power loss is 101.3+275 kVAr. 

Table 8: Branch losses report in the mode using UPSs and the same parameters for cable from UPSs to bus B2 
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If the length of cables from UPSs to Bus B2 is different (CabB11-B2 cable is 12m and CBB12-B2 cable is 18m), 

simulation result is represented in Fig. 23. 

 

Fig. 23 Simulation result in case of using two UPSs and the different parameters for cables from UPSs to Bus 

B2 

Using loss report function in ETAP software, the branch losses summary report in this operating mode is shown 

in TABLE IX. It showed the power loss is 101.9+275.4 kVAr. 

Table 9: Branch losses report in the mode using UPS and the different lenght for cable from ups to bus b2 

 

CONCLUSIONS 

This paper proposed three solutions to improve voltage quality and continuous power supply. These solutions 

help to overcome problems of losing power grid or cables caused by faults in power circuit. Moreover, this paper 

also proposed the designing structure and operating UPSs to ensure the reliability and safety for them. Newton-

Raphson và ETAP software were used in this paper to study many operating modes for proposed E13 grid. 

Simulation results showed that voltage tap changer in distribution power transformers helped to improve voltage 

quality for electric loads. However, it's difficult to apply this solution because all electric loads must be cut off 

before change voltage tap. Reserved generator can help to replace T2 transformer, reduce power losses and 

improve voltage quality. However, this solution makes high investment, high operating cost and affects much to 

the environment because it use fossil fuel to generate power. So, reserved generator only uses in case of having 

failure of transformers. For UPS solution, voltage quality can be fully improved (values of all buses in the 

substation were near nominal value). In case of using UPS, power losses in whole grid are higher than without 

using UPS due to power losses in themselves and power losses in branches corresponding to the increase of 

voltage buses. In real implementation, the length of cables from UPSs to load bus is often different. Simulation 

result in Fig. 23 showed power flow through UPSA10 was 455.9 kVA and made UPSA10 overload; power flow 

through UPSA9 was 303.9 kVA and made UPSA9 underload. The impedance difference causes the different 
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power flows through UPSs in this simulation result. To avoid this problem, it must be designed the same 

impedance transmission by using the same parameters for both cables or internal impedance in UPSs to adjust 

power flows. In case of having fault in a UPS, both two UPSs must be cut off and the reserved cable must be 

switched on to supply power for loads. 

The contribution of this paper can be applied to design and operate distribution power substations. Proposed 

solutions must be studied more deeply and individually to be suitable to many devices in the substation. In the 

future research, control method to regulate switching process will make clear to improve continuous power supply 

for electric loads. 
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