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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, VVoltage 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 I11 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]:

|Un _U|
AU :U—XIOO% 010

n

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

The smaller AU 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 Load?2 has an important load that is provided by a line.

BusT1

» | oadl

Power

Load?
Grid >

BusT BusT?2

Fig. 1 A general distribution power substation

At normal operating mode, Power of Loadl 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.

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.

BusT /V/—’—

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].
I~ Ryt K

i i

BUS | BUS |

Fig. 5 Mathematical model of transmission line in medium voltage systems
Where: Rij (€2) is resistance and Xij (€2) 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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Busi Bus j
b. Equivalent circuit
Fig. 6 Mathematical model of two-winding transformer

Where: Rt (Q) is resistance and Xt (€2) is reactance of the transformer; Kjj 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 busiis 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].

JE

_.>
J Ki I

a. Bus i connecting to the ideal transformer directly

_‘>
J li

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 J, (from generations) is injects to bus i. If the branch describes a

transformer, voltage ratio can be calculated forward to bus i that is K; =U.—'. If the branch describes a

transmission line, voltage ratio is K =1.

Applying Kirchhoff 1, current balancing equation at bus i can be determined by (2) [7].:
Z |'ij =, 020

Using 7’ij, equation (1) can be converted to equation (3):

N
SR, 0= atla
=0

j#i
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Using Ohm's law for i'j branch, equation (3) can be converted to equation (4) [7]:
. . N . . .
YU, +> YU, =], 4[]
J#i

where: Y, is individual admittance of bus i and Y, is interactive admittance of branch ij.

ij

Y,

Yij can be determined by equation (5) and (6) [7].:
. N (K?
Y, = Z(Z—“} 050

\A—R [16[]

Y = = 070

In general case study, bus i can be connected to m buses directly through ideal transformers and k buses indirectly
through ideal transformers. Y, can be determined by equation (8) [20-21]:

k 1 m K
,Z_:Z_ ,ZZ_ (180
J#i I*

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

YU, +Y,U, +..+Y, U, =J,
YU, +Y, U, +..+Y, U, =J,

090
Y U, +Y U, +..+Y, U, =J,
From equation (9), matrix admittance can be derived as (10):
Y, \@2 Y.,
y=|Ya T2 Yon 1100

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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N
Uizy“ Cosy;; +Z inyij cos(o; _51' _‘//ij)_ P, =AR 0oid
=1
J#i

. N . 0020
Uy siny; + § UU,y;sin(o, -6, —w;) - (Q, —Qq) = AQ,
j=L
J#i

where: i =1LN; U, =U,Z8;Y; =y, £¥;.

PLi and Qui 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 k™ step including 5 and U™, values of AR® and AQ® can be calculated. Moreover,
values of As™ and AU® at the k™ step can be calculated by using reversed Jacobian matrix as described in

equation (13) [20-21]:
(k) (k)
RARFARE
AU® AQW

where: J is Jacobian matrix.

Jacobian matrix at the i step: ; :Fl Jz}
‘]3 ‘]4

Solutions at the next step can be determined by equation (14) [20-21]:

Sk+) S ASH
1 — 1 I 4
|:Ui(k+l) Ui(k) * AUi(k) Al

This process will be stopped if both values of AP; and AQ; are smaller than allowable value ¢ [7-9]. Fig. 8
describes the Newton-Raphson method to analyze a distribution system.

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) |

| Assign intial values of U;(0) and &(0), i=(1+N) |
»/

P

| Calculate AP,¥ and AQ;® |

AP® < ¢ and
AQ¥< ¢

Y A 4
k=k+1 Calculate Jacobian and Power-flow
2 reservered Jacobian matrices|| analysis results

| Calculate AU;® and A§;® | @
T

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.

Grid

LoadB3

LoadB2
LoadB1

BusSysA

BusB3

Fig. 9. Diagram of E13 grid

Parameters of transmission lines in Table I, power source in Table Il, transformers in Table Il1, electric load at

bused in Table IV.

Tablel: Parameters of Transmission Lines

Load

SystemA
BusSysB
LoadB5
LoadB4

Name Sectional area of a conductor | Insulation Length Number of
(mm?) (m) 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

Tland 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) COSp Type
Load SystemA 4805 593.3
LoadB1 10 3.28
LoadB2 100 32.9 Static load
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

Branch Losses Summary Report

From-To Bus Flow To-From Bus Flow Losses %% Bus Voltage % :::Dp

Branch ID MW Mvar MW Mvar kW kvar From To inVmag
CabA-SysA 1.653 0.546 -1.649 -0.542 47 44 959 956 0.32
CabB1-B2 0.629 0.210 -0.627 -0.208 18 17 955 952 033
CabB2-B2 -1.036 =0.340 1.038 0.342 2.0 23 253 955 0.23
CabB2-B3 0.272 0.090 -0.271 -0.089 14 0.8 952 947 0.52
CabB2-BS 0.355 0.118 -0.353 -0.117 11 1.0 952 949 0.35
CabB3-B4 0.271 0.089 0.270 -0.089 14 0.8 047 042 0.52
CabB5-B6 0.099 0.033 -0.098 ~0.032 0.3 0.2 949 94.6 0.27
CabB5-B7 0.255 0.084 -0.253 -0.083 1.5 0.9 249 94.3 0.59
CabB-SysB 1.672 0.557 -1.666 -0.552 5.4 5.0 259 955 0.36
CabT1-A -1.653 -0.546 1.675 0.567 22.0 205 259 974 1.51
CabT2-B 1.693 0.577 -1.672 -0.557 215 200 974 9590 1.45
T1 1.689 0.666 -1.675 -0.567 141 989 100.0 974 2.60
Fv) -1.693 0.577 1.708 0.678 144 1013 974 1000 2.64

915 5

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%U, as depicted in Fig. 13.

A §)
% Ui MV
v

>
%,
(]

ULV
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

Branch Losses Summary Report

vd
From-To Bus Flow To-From Bus Flow Losses % Bus Voltage
% Drop

Branch ID MW Mvar MW Mvar kW kvar From To inVmag

CabA-SysA 1.653 0.546 -1.649 -0.542 4.7 4.4 95.9 95.6 032
CabB1-B2 0.697 0.232 -0.695 -0.230 2.0 19 1006 1002 0.35
CabB2-B2 -1.148 -0.377 1.150 0.379 2.2 26 1003 100.6 0.24
CabB2-B3 0.302 0.100 -0.300 -0.099 15 09 1002 99.7 0.55
CabB2-B5 0.393 0.130 -0.392 -0.129 1.2 1.1 1002 99.9 037
CabB3-B4 0.300 0.099 -0.299 -0.098 15 0.9 097 09.1 0.55
CabB5-B6 0.109 0.036 -0.109 -0.036 0.3 02 99.9 99.6 028
CabB5-B7 0.282 0.093 -0.281 -0.092 1.6 1.0 99.9 992 0.62
CabB-SysB 1.852 0.617 -1.846 -0.612 5.0 55 1009 100.6 0.38
CabT1-A -1.653 -0.546 1.675 0.567 220 205 95.9 974 1.51
CabT2-B 1.876 0.639 -1.852 -0.617 238 221 1025 1009 1.53
T1 1.689 0.666 -1.675 -0.567 14.1 989 1000 074 2.60

T2 -1.876 -0.639 1.892 0.751 16.0 1122 1025 100.0 2.48

97.0 2722
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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 va 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; cosp=0.95. Parameters of BusG-BusA cable: type XLPE 5x300 mm?; 31m length. Parameters of BusG-
BusB cable: type XLPE 5x300 mm?; 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

Branch Losses Summary Report

vd
From-To Bus Flow To-From Bus Flow Losses 9% Bus Voltage
% Drop

Branch ID MW Mvar MW Mvar kW kvar From To inVmag

CabA-SysA 1.653 0.546 -1.649 -0.542 47 4.4 959 956 032
CabB1-B2 0.675 0.225 -0.673 0223 20 18 900 087 0.34
CabB2-B2 -1L112 -0.365 1114 0368 21 25 988 290 024
CabB2-B3 0.292 0.097 -0.291 -0.096 1.5 09 98.7 98.1 0.54
CabB2-BS 0.381 0.126 -0.380 -0.125 1.2 L1 98.7 98.3 0.36
CabB3-B4 0291 0096 -0.289 -0.095 15 09 9.1 975 054
CabB5-B6 0.106 0.035 -0.106 -0.035 03 02 983 98.0 0.28
CabBs-B7 0.274 0.090 -0.272 -0.089 1.6 0.9 983 97.7 0.61
CabB-SysB 1.795 0598 -1.789 0593 58 54 004 290 038
CabG-B -1.795 0.598 1.805 0607 26 59 204 1000 063
CabT1-A -1.653 -0.546 1.675 0.367 220 2058 959 974 1.51

TI 1.689 0.666 -1.675 -0.567 14.1 939 100.0 974 2.60

66.3 1463

C. Using UPSs

A basic internal structure of an UPS is represented in Fig. 16 [16-19].

Power ACIDC | | DC/AC l Electric
Grid converter converter I loads
AChus
DC/DC
ESS | Rifi i
SS i Bidirectional DChus
converter

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.

Power@_ ACIDC DC/AC |_,__ Electric}
Grid converter converter | | i__|_0_<’i_d_5__i
Power from grid ACbus

Charge ESS
DC/DC
ESS Bidirectional ¥ 5y
converter

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.

Power AC/DC DC/IAC l Electric
Grid @7 converter converter I loads
m ACbus

_H_/V‘
To loads
J— .| Dpcibc
. S P
L_E_S_S__I Bidirectional 1 DChus
converter

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.

Power ACIDC DC/AC | | [ Electric
Grid G_ converter converter l loads
Power from grid ACbus

—————

Charge ESS To loads

DC/DC
ESS | Bidirectional —
converter

’DCbus

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.

e Manual switch _1':
J| sws ) . Sw4
Power —HN— Automatic/remote switch — Electric
Grid loads
AC/DC DC/AC
] converter | -
W1 converter w2 ACbus
DC/DC
ESS idirecti
Bidirectional DCbus
converter

Fig. 20 Proposing bypass switches in UPSs to avoid external faults

Page 242 www.rsisinternational.org


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

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (1JRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS [Volume IX Issue 1X September 2024

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.

Power from grid To loads
Manual switch ~—

SW3 . . Sw4
Automatic/remote switch -
Power closing cmsing_f — Electric
Grid \_/ | = _________, o e==o———- loads
[ ACIDC™1__J i DCIAC | |SW2
swi > Lconverter i | Lconverteri <% TAchus
opening opening
—————— i DC/DC |

ESS I Bidirectional -
| _converter |

DCbus

Fig. 21 Bypass operation in UPS

Using Newton-Raphson va 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,;
cosp=0.95. In Fig. 22, parameters of cables from UPSs to Bus B2 are: type XLPE 185 mm?; 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.

CabB2-B5

4w

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

Branch Losses Summary Report

vd

From-To Bus Flow To-From Bus Flow Losses %BusVolage Drop

Branch ID MW Myar MW Myar kW ar  From To  inVmag
CabA-SysA 1653 0546 -1649 0542 47 44 s 056 0.32
CabB11-B2 -0.343 0114 0.344 0.115 12 0.7 9.6 100.0 0.38
CabB12-B2 0343 0114 0344 0115 12 07 %6 1000 0.38
CabBL-Bi1 0.364 0116 -0363 0115 20 12 953 048 0.56
CabB1-B12 0.364 0116 -0363 0115 L8 11 053 048 0.52
CabB2-B2 -L031 -0.338 1033 0.341 20 23 95.1 95.3 0.3
CabB2-B3 0208 0009 -0207 -0.098 L5 09 %6 991 0.55
CabB2-BS 0.388 0120 -0387 -0.128 12 11 00.6 003 0.36
CabB3-B4 0.207 0.098  -0.205 -0.097 L5 0.0 99.1 98.5 0.55
CabBS-B6 0.108 0036  -0.108 0033 03 02 %3 9.0 028
CabB5-B7 0279 0002 -0277 -0.001 L6 10 003 986 0.62
CabB-SysB 1.767 0578 -1761 0572 6.0 5.6 05.7 053 0.38
CabT1-A -1.653 -0.546 1675 0.567 220 205 05.0 7.4 151
CabT2B 1791 0600 -L767 0578 240 23 972 95.7 153
1 1.689 0666  -1675 -0.567 141 99 100.0 074 2.60
v -L.791 -0.600 1.808 0.713 16.1 113.3 972 1000 278

1013 275.0
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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

Branch Losses Summary Report

vd
From-To Bus Flow To From Bus Flow Losses %0 Bus Voltage N
% Drop

Branch ID MW Mvar MW Myar kW fovar From To inVmag

CabA-SysA 1.653 0.546 -1.649 0542 47 4.4 959 956 0.32
CabBI1-B2 -0.411 0.136 0413 0.137 17 1.0 995 1000 0.45
CabB12B2 0.274 -0.091 0275 0.092 1.2 0.7 995 1000 0.45
CabBI-B11 0.437 0.139 0,435 -0.137 28 17 95.3 94.6 0.67
CabB1-B12 0291 0.002 -0.290 -0.092 12 0.7 953 e19 0.42
CabB2-B2 -1.031 0.338 1.033 0.341 20 23 as.1 95.3 0.23
CabB2-B3 0.298 0.089 0296 -0.098 1 0.9 99.5 9.0 0.55
CabB2-BS 0.388 0.129 -0.386 -0.128 1 1.1 995 992 0.36
CabB3-B4 0.296 0.098 -0.205 -0.007 1 0.9 29,0 98.5 0.55
CabB5-B6 0.108 0.036 -0.108 -0.035 03 0.2 992 989 0.28
CabBs-B7 0278 0.002 0277 -0.091 1.6 1.0 992 98.6 0.62
CabB-SysB 1.767 0.578 -1.761 -0.572 6.0 5.6 957 95.3 0.38
CabT1-A -1.653 0,546 1.675 0.567 220 205 959 974 1.51
CabT2-B 1.791 0.600 -1.767 0.578 240 223 972 957 1.53
T1 1.689 0.666 -1675 -0.567 14.1 989 1000 974 2.60

2 -1.791 -0.600 1.807 0.713 16.1 1132 972 1000 278

1019 2754

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 va 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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