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Abstract

This paper contains a design of transmission lines, transformers and appropriate compensators for a
31-bus interconnected power system. It identifies a new pattern used to improve voltage stability and
exposes several key issues that had remained as research challenges in this area. Preliminary data such as
bus data, load schedule, standard transformer sizes, line distances and information associated to
transmission line including type of conductors and towers has been discussed. Reorganizing the conductors
of transmission lines using parallel transformers and utilizing appropriate compensators are some
techniques to improve the capacity of network in order to satisfy the assigned load with a good quality of
power and increase the stability and reliability of the network. Different power flows has been run
accordingly to every changes in the network by using Power World Simulator software (PWS) and used the
Full-Newton method power flow. Matlab software has been used to calculate the values of the line
inductance and line capacitance.

Keywords: Transmission Line, Parallel Transformers, Compensators, Stability.
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Nomenclature:
GMD = Geometric Mean Distance or (D), d is the distance between the centre of adjacent
conductor
Das, Dsc, Dac = is the geometric distance between conductors a, b and ¢
GMR = Geometric Mean Radius or (Ds), d is the distance between two conductors in the
group.
Dsa, Dsg , Dsc = is the distance between two conductors of the same phase.
L= the inductance of each phase mH/Km
XL= the inductive reactance km per phase for the line
B = capacitive susceptance per phase in mho per meter for the line.
ra, I's, Fc = is the radius of a conductor in the group
1. Introduction
A salient option in upgrading transmission systems instead of constructing new
overhead lines due to the increasing demand is to examine the possible capacity on
present sites and to use the maximum capacity of existing transmission systems. The
reason is that the lead-times and costs are less than constructing new lines. In this design
we tried to use more capacity of the lines by utilizing appropriate compensators
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(capacitors) and using parallel transformers to prevent transformers from overload
situation (Pundir et.al., 2016). Using capacitors and other compensators in power systems
have many advantages, capacitors especially as compensators are fast acting, reliable and
have low maintenance in comparison to the other types of compensators (Ibe, et.al., 2013;
Tyll et.al., 2009). Low losses in these equipment’s also play big role on increasing use of
them in the network. They also increase the capacity and transient stability of the network
(Murugan et.al., 2013). A particular interest is taken to the development of control
schemes to avoid so-called voltage collapse, which can result in widespread outages. In
order to achieve efficient and reliable operation of power system, the control of voltage
and reactive power should satisfy the following objectives (lbe et.al., 2013):

1. Voltages at all terminals of all equipment in the system are within acceptable limits

2. System stability is enhanced to maximize utilization of the transmission system

3. The reactive power flow is minimized so as to reduce R 1? and X I? losses.

Then the types of towers and conductors have been chosen through the calculations
and among the given values (Preeti et.al., 2013). Calculation of line characteristics has
been done with MATLAB software, after calculating the initial values we need the first
power flow results to investigate the possible design problems. Initial results show that
we need to rearrange different parts of the network. In the first step of this design the
network has been divided into two parts Areal and Area2 and the last step adding
compensators to the model by using bundle arrangement, adding parallel transformers
and executing the last simulation, it can be seen that the system works in a stable
situation.

2. Overall Single Line Diagram

Interconnected electrical power system contains 31- buses have been introduced for
transmission line for upgrading analysis. Single line diagram shows electrical system
configuration figure 1 and all component and their parameters have illustrated in this
system.
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Figure 1: Overall single line diagram.

This system consists of transmission line in three voltage levels which are 69KV,
115KV, and 230KV. Four generators are installed as power generation in bus No. 03, 12,
17, and 30. Several transformers have been used for voltage step down / up of
transmission lines and load substations supply in verity of MVAR.
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3. Given Data
3.1. Generators data

Four generators have been used in this system, maximum output power and
related power factor has been given in table 1. As it shown bus no. 30 has been
considered as Slack bus in the power system (Parul et.al., 2013). Slack bus is a P.U (per
unit) bus in the power system, this connected to a generator and has constant voltage
value.

Table 1: Generators Specification

Bus bus type Load Real Power Nominal Power | Maximum Generator Power
Number (MW) Voltage (Kv) Factor output
3 Y 300 115 1 300 MW - 095 PF.
12 PV 230 115 1 230 MW -09PF.
17 PV 350 230 1 FI30OMW-09PF.
30 SLACK 400 115 1 A00MW-09PF.

3.2. Transmission lines data

Transmission lines are divided into the three voltage level. H-Frame, single circuit,
and double circuit steel towers have been suggested for tower configuration of
transmission line in 69Kv figure (2-a), the same configuration also introduced for 115Kv
transmission line tower configurations figure (2-b), finally double circuit steel tower has
been suggested for 230Kv tower configurations of overhead transmission lines figure (2-
¢) (Appendix ,2011; Al Salameh et.al., 2010). Several conductors and their parameters
were given to choose the best and minimum acceptable conductor size in several voltage
levels (Al Salameh et.al., 2010; Molburg et.al., 2007). Table 2 illustrates aluminum
conductor parameter [Catalogue as a guide to standards of Aluminium Rods Bare
Conductors And Cables].
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Figure 2: Tower configuration of transmission line.
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Table 2: Electrical Characteristics of Bare Aluminum Conductors, Steel-Reinforced

(ACSR)
Aluminum Outside Approximate A C Resistance | A.C Resistance
Area Strands Diameter GMR, Ds Current Carrying @EISC" (ohm/ @ISDC" (:hm
(Kemil) (AlFe) (inches) (ft.) Capacity @ 2500 mile) small mile) 75% O.f
currents current capacity
954 547 1.196 0.0403 1010 0.0982 0.1128
795 26/7 1.108 0.0375 900 0.117 0.1288
636 347 0977 0.0329 770 0.148 0.1688
556 3077 0.953 0.0328 730 0.168 0.1859
336 26/7 0.721 0.0244 330 0.278 0.306
266 6/7 0.633 0.00664 460 0.352 0.552

3.3. Transformers data

There are three voltage levels in the interconnected power system which is required
to connect. In order to step voltage down/up, 3 sizes of transformer have been given
which are chosen based on transformer loads. Minimum and maximum impedance limit
in percentage of each transformer with related efficiency in appropriate voltage is the data
which is shown in table 3 (Russell et.al., 2000; Transformer Handbook from ABB Co.,
Switzerland]. Each transformer is equipped with ON-load tap changer with 2.5% steps
for voltage regulating from 0.90 to 1.10 in the high voltage side of transformer.

Table 3: Transformer Specification

HV. LV Winding | Impedance Limit in Percent Approximate Efficiency

Winding Kv Ky Min. Max. at 2 MVA at I0 MVA | at 50 MVA
115 69 9.0 14.0 98 6% 99.12% 99.45%
230 69 125 18.0 98 5% 99.11% 99.44%
230 113 14.0 200 98 4% 99.10% 99.44%

3.4. Equations and Parameter Calculations

All parameters like transformer and transmission lines, current and voltage must
fulfill margins based on the power system criteria which is between 0.95 <V < 1.05 P.U
(Zhang et.al., 2004). Some actions must be taken to change all equipment which is out of
the margin.

According to the design criteria several configuration for transmission have been
given to choose the best solution for transmission lines. First step has been taken to
choose 69Kv transmission line configurations and the simplest configuration (horizontal
configuration). Based on this configuration, all the transmission line parameters have
been calculated like Gradient Mean Distance (GMD) and Gradient Mean Radius (GMR)
to calculate the line reactance and capacitance is depending on types of conductors (Al
Salameh et.al., 2010). Equations (1-16) were prepared for the mentioned calculation.

GMD =

(1

GMD =D (2)

GMRI = given

—_—
{ GMRc = will be calculated

Equations 3— 6 use for GMD calculation:
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DAE =#D31§1*D31§1*D.ﬂblmﬂalﬁl (3}
DEC = #jﬂﬁlcl *Dblcl *D:ﬁ]c] *D:':-Ir:l (‘1}
D= %{Dalcl *D ey ¥ D a1 * Dy (3)
GMD =3{D  * Dy, *D,. (6)

Equations 7 - 10 use GMR calculation:

Du:w’: Ds*Dala: (7)
Ds& = 14': Ds *Délﬁ-] (8)
Dsc = 1,:|| Ds *Dclc: (9)

GMR, = 3Dy, * Dz * Dy (10)

~02 ngﬁ g (11)
X, =2xFL (12)
B=27FC (13)
¥y =D (14)

¥p :ﬂ..l""Dﬂﬁ-: (15)

Yo = JrDaGMR, = 3fr 7, (16)

A 69Kv transmission line has been examined by hand calculation and other lines
have been calculated by Matlab software due to the calculation accuracy. Therefore
calculation for two circuit transmission line between buses 7 and 24 has been done at
230Kv voltage level (Al Salameh et.al., 2010). Based on conductors table 2 the last
conductor has been used for calculation and appropriate data has been entered to formula
(1-16). Table 4 shows parameters of all transmission line have been entered in three
voltage levels.

1597



Journal of Babylon University/Engineering Sciences/ No.(5)/ VVol.(25): 2017

Table 4: Transmission line parameters

From To E X B Lim A MVA Yo of MVA
2 1 001629 0.02457 0.13626 3663 442
1 5 0.00632 0.00966 0.03502 3663 303
3 2 0.0011 00666 0 30 4126
3 4 000127 0.09085 0.01292 916 1753
4 2 0.0632 0.0649 0.00922 916 1541
5 6 001466 002172 0125381 3663 249
] 7 0.01303 0.01931 0.11003 3663 16.3
o 7 0.00336 01708 0 30 019
24 7 00114 002271 0.0963 3663 194
z 0 0.00346 01398 0 30 206
11 2 0.15635 0.15575 002213 916 15312
z 19 007824 007788 0.01107 91.6 1302
19 2 0.14334 0.14277 0.0203 916 1011
o 10 0.57805 0.203090 001067 35 251
12 11 0.16034 0.16873 0.02300 916 2842
11 13 0.00346 01398 0 30 747
13 14 030647 049237 0.0093 35 1183
14 15 0.00336 01708 0 30 473
14 16 0.00336 01708 0 30 016
15 17 001466 002172 0125381 3665 931
16 15 002116 003137 017880 3663 635.8
16 17 002278 003378 0.19266 3663 231
16 1% 0.00336 01708 0 30 162
19 20 0.003 0.0897 0 2 414
19 21 0.13033 0.12079 0.01843 916 913
21 22 0.04198 004178 0.00594 016 0.1
24 23 0.00336 01708 0 30 47
24 25 000815 0.01207 0.06877 3663 122
25 26 0.01933 0.02806 0.16511 3663 209
16 27 0.01933 0.02806 0.16511 3663 134
31 26 001792 0.02634 015134 3663 20
27 28 0.00336 01708 0 30 4.6
19 30 016024 02309 0.02494 916 1173
30 31 0.0033 0.1999 0 30 2505

Available data for generators such as active power and power factor, we need also
reactive power for this system. Equation below was used for calculation of generator’s
reactive power (Hamidreza et.al., 2012):

@ =PXtan ¢ (17)
By using equation above we can calculate the sample reactive power for one of the

generators. For instance, generator 1 works at maximum active power 300MW at power
factor 0.95 then maximum reactive power of generator would be:

Q = 300 X tan(cos~1(0.95)) = 145 MVAR

Given data related to transformer has nominal power, percentage of impedance, tap
changer rating and their efficiency. Power World software version 14 needs also series
reactance as same as series resistance, by taking some information from manufacturer
catalogue and specifications and also using given data we can get required information
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for calculation [Cahiers Techniques], also load loss of the transformer can be used in this
case. Equations (18 and 19) show relation between load loss of transformer and series
resistance.

P loss full load

RY%pu=
\ES base

(18)

Rreal = R% pu* Zbase (19)

By calculating equations above, real parameters of resistance could be calculated
based on equations below and series reactance could be calculated by equations 3 and 4.

X% pu = (UK %pu)’ —(R% pu)’ (20)

Xreal = X% pu* Zbase (21)

4. Input Data

According to load specification and single line configuration, transformer size,
transmission conductor and tower configuration have been chosen, initial data has been
entered in (PWS). Based on given data, generators parameters have been entered,
required data for generators are maximum, minimum, nominal, active and reactive power.
Other generator parameter data has been entered based on hand calculation same as
generator 1. It must be mentioned that maximum output active and reactive power equals
to nominal generator name plate. Also after finding transmission line parameters option
by egs. (1-16) and transformer parameter by egs. (18-21), now could be filled in program.

5. Simulation Results
5.1. Preliminary design

After sketching the sample plan of paper in Power World software version 14 the
first run was done and the output files obtained, figure 3 illustrates the designed network.
As it can be seen some transmission lines and transformers are out of rating and so need
to be correct, in addition the majority of the bus bars are out of desired voltage as
mentioned before the voltages must be in the range of 0.9 to 1.05P.U. The data in table 5
depicts the status of the generators, nominal output MW/ MVAR and the limits of these
amounts. For instance, the generator on bus 3 can deliver 300 MW active power plus 145
MVAR reactive power. However, the minimum margin to generate the reactive power is
in the range of -145 to 145 MVAR. The minimum active power output is set for 50% of
the generator nominal output because the efficiency of the generator under this ratio is
determined that is not economic in this design. In addition, bus 30 was selected as a slack
bus; generator connected to this bus manages the extra required or excess energy in the
power system.
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Table 5: Generator records before revision

Gen. Gen. Min. Max. Min. Max. Cost

BusNo. | yrw mvar | 2S¢ | ARy | MW | MVAr | MVAr | Model
3 300 143 YES | YES 0 300 | -145 145 | None

12 250 8528 | YES | YES 0 250 | -82 82 None

17 350 169 YES | YES 0 350 | -165 169 | None
30 8856 | 21089 | YES | YES 0 400 | -193 153 | None
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Figure 3: The single-line diagram with determined areas in preliminary design
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Table 6 presents the summary of the load in this system; the interconnected buses,
area, and the active and reactive power of the loads are collected in this table Similarly,
bus records summary in table 7 shows the nominal, per unit, and the angle of the voltage
of each bus.

Table 6: Load summary records of the plan

Bus No. Area Status MW MVAr MVA
1 One Closed 43 20.8 4777
2 One Closed 28 o2 29.47
4 One Closed 22.74 o068 2472
3 One Closed 18.6 347 20.44
6 One Closed 30 8.73 31.25
7 One Closed 22 12.46 2528
8 One Closed 8.28 3 8.79
9 One Closed 5.93 351 689
10 One Closed 8.5 481 9. 77
11 Two Closed ig.6l 16.67 4023
13 Two Closed 11.67 11.03 16.06
14 Two Closed 16.8 8.6 1887
15 Two Closed 34 12.3 3ig.16
16 Two Closed 37 121 38.93
18 Two Closed 52 6.4 g.25
19 One Closed 1282 321 13.21
20 One Closed 051 0.58 0.78
21 One Closed 12.6 645 1416
22 One Closed 728 2 B8 783
23 One Closed 2.5 0.33 2.52
24 One Closed 46 235 51.66
23 One Closed 33 9.6 34.37
26 One Closed 74 261 7847
27 One Closed 31 3g.9 39.01
28 One Closed 23 0.91 247
29 One Closed 153 5 151
31 One Closed 74 33.7 31.31

Table 7: Area summary records before revision
Area No. | AGC Status | Gen. MW | Load MW | Shunt MW | Inter MW | ACE. MW | Loss MW
One ED 388.36 348.35 0 -30049 | -30049 1407
Two ED 600 141.28 0 285.57 285.57 173.15

As it is known; the large interconnected systems usually have a number of control
areas, each control area responsible for the operation of a particular part of the system,
often a single control area corresponds to a single owner (such as an investor-owned
utility), but it is usual for a single control area to have more than one owner (McCalley,
2000). Control areas are connected to neighboring areas through tie lines. A tie line is a
transmission line that has one end in one control area and the other end in another one
(Suman et.al., 2016). Lines between buses 8-11 and 15-26 shown these system tie
lines. The total amount of power flowing out of a control area is the algebraic sum of the
power flowing out on all the area’s tie lines (Sundaram et.al., 2011). Each control area is
responsible for procuring enough power to meet its own load plus losses. The control area
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can get this power either by generating it itself or by buying it from another area, this
ability to buy and sell power (i.e., power transactions) is one of the principal advantages
of interconnected operation (Casazza et.al., 2003). Therefore, for this plan, two areas
were considered and the required setting for this purposed area was done the dotted are as
in figure 4 show the selected area 1 and 2. Table 8 presents the status of the
circumstances of each area, in area 1&?2 the Automatic Generating Control (AGC) and
Automatic Control Energy (ACE) are activated also the summary of the generating,
consumption and the losses as well.
Table 8: The records of the bus bars in the first running

E‘f Area NI‘;“ PU Volt | Volt (Kv) “E‘? i‘;;d 117{?::1 ﬁ;ﬁ hﬁl Shunts
1 One | 230 | 074767 | 17196 801 43 208

2 | One | 230 | 070576 | 12236 507 23 02

3 One | 115 08 450 420 0 0 300 | 145

4 | One | 115 | 0D62:c 5.081 138 | 2274 | 968

5 | One | 230 | 03348 160.16 026 136 §47

6 | One | 230 | 071333 | 164067 | -1176 30 275

7 | Onme | 230 | 070015 | 161034 | -1297 22 1246 One
8 | Ome | 115 | 054172 62208 072 826 3 One
0 | One 69 0077 | 40.76 901 503 351

10 | One 60 | 037646 | 25975 2043 g5 481 One
11 | two | 115 | 053660 61.710 3254 | 3661 | 1667 Two
12 | two | 113 10227 117 61 63.14 250 | 8528

13 | two 69 05715 39.433 2379 | 1167 | 11.03 0
14 | two 69 | 0.78629 54254 1115 | 168 86 0
15 | two | 230 | 083538 | 192137 | -1135 34 123

16 | two | 230 200978 CRE 37 121

17 | two | 230 200257 823 350 | 169

18 | two 69 50 366 039 52 64 0
19 | One | 115 | 041516 | 47744 504 | 1282 | 321 0
20 | One 69 | 041378 | 28531 52 051 058 0
21 | Ome | 115 | 026357 30.54 1275 | 126 6.45 0
22 | One | 115 | 024835 | 28582 1445 | 718 238 0
23 | One 69 | 0.70478 4863 1546 25 035

24 | One | 230 | 070582 | 162338 | -1498 46 235

25 | Ome | 230 | 071303 | 164663 | -15.69 33 06

26 | Onme | 230 | 075007 | 172517 | -1641 74 261

27 | One | 230 | 071610 | 164724 | -18.17 21 36.9

28 | One 69 | 0.71398 | 49265 156 23 091 0
20 | Ome | 115 | 069875 20356 1038 | 153 3

30 | One | 115 1 115 133 8256 | 210.89

31 | One | 230 | 076066 | 175413 | -1845 74 337 0

In the relation of the amount of losses and lack of co-ordination to comply with the
demand, the primary design is not acceptable However, it is anticipated by compensation
and clearing the mismatches in transmission lines and transformers in the first simulation,
the design is to be satisfactory. Therefore, the compensation is needed to prepare the
acceptable quality of power and voltage delivery.

5.2. Revision Steps

Correcting the mismatches in preliminary design need to increase the size of
conductors in transmission lines and changing the tower arraignments in some cases. In
addition, according to the overload percentages in transformers some of them must be re-
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rated. However, in relation to the limitation of selecting transformers among 2 to 50
MVA capacities some considerations must be attended.
5.2.1. Transmission Line

Table 4 presents the transmission lines parameters that must be re-rated; line MVA
is shown in light red rows and the transformers is highlighted in light green. For more
stability, the lines that are close to over capacity also regarded. For instance, the
interconnected transmission line between buses 3-4 faced to 174% overload. In
accordance with the conductor list and with regarding to the percentage of overcapacity
and overdesign for future development the conductors were changed to 900A [Catalogue
as a guide to standards of Aluminium Rods Bare Conductors And Cables]. Therefore, by
the help of Matlab, the value of the line inductance and line capacitance are obtained and
set in table 9. In the first step transmission lines capacities are increased by using the
higher current conductors without changing the tower configuration. This measure was
helpful for lines between buses 3-4, 8-19, by two —step and 19-21 by four-step increasing.
However, in lines between busses 8-11, 11-12 the single circuit replaced by double circuit
by increasing two and four step respectively. Moreover, the 2-conductor bundle circuit
with the previous current is used for the line between buses 15-17, also line between 13-
14, 4-8, 8-29 and 29-30 were corrected by the changes spontaneously. After calculation
and setting the new values in Power World software the new layout is obtained in figure
4, it illustrates the new single line. Meanwhile, the new record of the line and transformer
capacity is presented in table 9.

1603



Journal of Babylon University/Engineering Sciences/ No.(5)/ VVol.(25): 2017

Table 9: Transmission lines and transformer’s capacity after revision

From To Ripu) H(pu) Eipu) Lim A MVA %% of MV A
2 1 0.0162% 0.02457 0.13626 366.5 54.7
1 3 00052 000956 0053302 366.5 441
2 3 00033 0.1990 0 30 75
2 3 00033 0. 19040 0 S0 74
2 3 00033 01900 0 S0 I
2 3 00033 01900 0 S0 I
2 3 00033 0.1900 0 S0 75
2 3 00033 0. 1900 ] 20 K
3 4 0.01907 006248 0.00834 1703 435
4 3 0.01512 0.07183 000985 145.4 421
3 ) 001466 0.02172 0.12381 366.5 40.2
i) 7 0.01303 0.01931 0. 11005 366.5 334
o 7 000336 017098 0 50 78.3

24 7 00114 0.02271 00063 366.5 303
8 o 0.00173 O 600 0 iy 633
11 3 0.04212 0.08262 0.04683 2008 60.7
] 10 0.02631 008619 001151 1703 327
] 3 0.14334 014277 0.0203 01.6 41.1
o 10 0.57803 0.3050¢ 001067 35 371
2 11 0.03141 00835 003332 358.3 709
11 13 000346 0.1395 0 30 J0.3
13 14 0. 50647 0.49257 00093 35 429
14 15 0 0017 0.1408 0 10 572
14 16 000336 01708 0 a0 10
15 17 0.00253 0.01231 1.84123 11632 279
26 13 0.02116 003137 0.1788% 366.3 612
16 17 0.02278 0.03378 0. 10266 366.3 15.1
16 15 000336 0.1795 0 10 873
1% 20 0,003 0.08%97 0 2 45.1
1% 21 0.03022 0.1436 0.01918 145.4 452
21 22 0.04193 004178 000594 1.6 53
24 23 0 0017 0.1408 0 10 253
24 25 000815 0.01207 006877 366.5 16.4
25 26 0.01953 002804 0.16511 3646.5 10.7
26 27 0.01953 002804 0.16311 366.3 245
31 26 0.01702 002654 0.13134 366.3 203
27 28 0.0047 0.1425 0 10 24.8
2o 30 0.16924 02300 002454 o1.6 298

30 31 0.0033 01999 0 _
30 31 00033 0. 1999 o
5.2.2. Transformers

In accordance with the limitation for selecting the transformers more than 50 MVA
capacity, the number of transformers should increase. Therefore, added transformers must
work in parallel case and the parallel considerations should be regarded. In addition, the
transformers that worked less than about 50% of their nominal capacities were placed by
down size transformers. For example, the transformer between buses 23-24 is working in
4.7% of capacity by referring to table 4 then; it should be replaced with a 10MVA
transformer. After replacement the used capacity is changed to 25.3% this measure is
taken for transformers between 14-15, 16-18, 24-23, and 27-28 buses, the objects are
marked in light blue color in table 9. For temporary overloads and more stability,
transforms are designed to work in 80% of their nominal capacity.
5.2.3. Voltage Regulation

According to the table 4 the buses which faced to under voltage should be
improved. The usual device for this case is capacitors. In Power World both variable and
fixed capacitors are available [Power World Simulator Version 14, 2007]. Then, by
setting the control regulation settings in desired value and adjust the control mode he
buses are equipped by capacitors. On the base of table 10, on the buses 7, 8,10,14,22, and
31 the continuous shunt capacitors were embedded, and the fixed shunt reactor to control
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the generator on bus 17. By this reactor the MVAR absorption of generator is decrease
and generator works on steady-state. The continuous mode only adds the -71.5 MVAR to
grid that causes the transformer between buses 14-15 encounters to overload and the
capacity of Generator on bus 17 changes to -135 MVAR.

Table 10: The compensation records after installing the shunt switches

Bus Control Mode Actual MVAr | Volt High VoltLow | Reg. Volt Niﬁiﬂ
7 Continuous 120 1.05 0.95 | 120
3 Continuous 129.6 1.05 0.95 | 125.6
10 Continuous 2125 1.05 0.95 1 2125
14 Continuous 959 1.05 0.93 0.9793 10
17 Fixed -286.2 1.05 - 0.9767 -300
22 Continuous 48.41 1.05 0.93 0.984 a0
31 Continuous 2787 1.05 0.95 0.9639 30

6. Final Design Records
In this section the final design and records are presented and discussed. Figure 4
illustrates the single line layout of the plan after revision. Table 11 presents the generator
records after revision.
Table 11: Generator records after revision

:EI‘;S Gen. MW | Gen. MVAr | AGC | AVR | Min. MW | Max. MW ;}fir Ii”’iifir
3 300 458 YES | YES 150 300 145 145
12 250 3252 YES | YES 125 750 82 82
17 286.92 594 YES | YES 175 350 169 169
30 22 61.89 YES | YES 0 200 193 193

Table 12 depicts the area records after revision according to the figure 4 area one
receives 352.58 MW from area two. If the connected generator to bus 12 suddenly trips
then other generators in area one feed the loads in area two.

Table 12: Area records after revision

Name | AGC Status | Gen. MW | Load MW | Int. MW | ACE MW | Loss MW S“I?EE;S Auto XF
One ED i01.44 6103 -354.4 -352.58 45.55 YES YES
Two ED 536.93 147.7 3544 352.59 3482 YES YES
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y

Area 2

Figure 4: The single-line diagram of the plan with determined areas after revision
The values of the regulated voltage in bus bars by transformer tap changing are
shown in table 13. All values are in the range of 0.95 to 1.01P.U. Table 14 shows the
review of the design values nominal and actual voltage, power angle, load consumption
and generation, and shunt compensation MVAR are presented in this table.
Table 13: Value of the bus voltages after regulation by tap changer of the transformers

From | To | Tap Ratio 1]{3?5 Reg. Value ];EE'_ Iﬁ;i‘_ ITI?E. ;Ei 2:;2
2 3 1 2 1.0135 0.95 1.05 0.9 1.1 0.025
2 3 1 2 1.0135 0.95 1.05 0.9 1.1 0.025
2 3 1 2 1.0135 0.95 1.05 0.9 1.1 0.025
2 3 1 2 1.0135 0.95 1.05 0.9 1.1 0.025
2 3 1 2 1.0135 0.95 1.05 0.9 1.1 0.025
2 3 1 2 1.0135 0.95 1.05 0.9 1.1 0.025
9 7 1 9 1.00159 0.95 1.05 0.9 1.1 0.025
g 9 1 B 1 0.95 1.05 0.9 1.1 0.025
11 13 1 11 09721 0.95 1.05 0.9 1.1 0.025
14 15 1 14 0.9793 0.95 1.05 0.s 1.1 0.025
14 16 1 14 0.9793 0.95 1.05 0.9 1.1 0.025
16 18 1 16 098472 0.95 1.05 0.9 1.1 0.025
19 20 1 19 097861 0.95 1.05 0.9 1.1 0.025
24 23 1 24 098059 0.95 1.05 0.9 1.1 0.025
27 28 1 27 095817 0.95 1.05 0.9 1.1 0.025
30 31 1 30 1 0.95 1.05 09 1.1 0.025
30 31 1 30 1 0.95 1.05 09 1.1 0.025
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Table 14: The summary of grid values after revision

Nom . . Angle Load Load Gen. Gen. Shunts
Bus | Area | Tp - | PUVelt | VoltKv Di. MW | MvAr | MW | MvAr | Mvar
1 | One | 230 | 009769 | 229468 | 1662 | 43 | 208
2 | one | 230 | 10135 | 233.105 | 1978 | 28 02
3 | one | 115 1 115 | 2392 | 0 0 300 | 456
4 | One | 115 | 00916 | 114034 | 2088 | 23 | 979
5 | One | 230 | 099594 | 220.066 | 1555 | 186 | 847
6§ | One | 230 | 009577 | 220026 | 1338 | 30 | 875
7 | One | 230 1 230001 | 1181 | 22 | 1246 120
§ | one | 115 1 115 | 1832 | 94 | 341 1296
5 | one | 69 | 100139 | 6941 | 158 | 63 | 3.13
10 | one | 69 1 69 136 | 152 | 861 2125
11 | Two | 115 | 09721 | 111791 | 283 | 42 | 19.3 0
12 | Two | 115 1 115 | 4129 250 | 3351
13 | Two | 69 | 007747 | 67446 | 2558 | 127 | 12 0
14 | Two | 69 | 09793 | 67572 | 1464 | 168 | 86 959
15 | Two | 230 | 100365 | 23084 | 142 | 34 | 123 0
16 | Two | 230 | 098472 | 226487 | 1521 | 37 | 121
17 | Two | 230 | 1.00001 | 230002 | 1599 28692 | -16337
13 | Two | 69 | 097267 | 67114 | 1467 | 32 64
19 | One | 115 | 097861 | 11254 | 1371 | 199 | 498
20 | Ome | 69 | 097775 | 67464 | 1367 | 08 | 081
21 | One | 115 | 007914 | 112601 | 762 | 40 | 2049
22 | One | 115 | 098398 | 113158 | 602 | 26 | 1027 1841
23 | One | 60 | 007993 | 67615 | 1045 | 25 | 035
24 | One | 230 | 008059 | 225535 | 1068 | 46 | 233
35 | Ome | 230 | 007421 | 224060 | 1037 | 33 06
76 | One | 230 | 096514 | 221082 | 1023 | 74 | 261
27 | One | 230 | 005817 | 21578 | 908 | 81 | 369 0
78 | One | 115 | 00366 | 10964 | 886 | 23 | 081
30 | One | 115 | 007673 | 112324 | 1312 | 153 5
30 | One | 13 1 115 979 044 | 5733
31 | One | 230 | 006388 | 221691 | %88 | 74 | 337 7787

7. Conclusion

Generally, reactive power compensation requires a perfect system analysis for the
optimization of compensator sizes and their location in the power system. Accomplishing
this goal takes numerous steps in the specified 31 interconnected bus; taking which into
account the system has been simulated for examining the best power system
configuration. The first step is to look for component data and parameters, for instance by
choosing the transformer size and finding its parameter from famous manufacturer like
Siemens and ABB, transformer data as per unit of resistance and reactance have been
collected and analysed. Another step was associated to the transmission line parameter
which required the transmission configuration and all parameters have been calculated
after transmission line obtaining. By simulation and strengthen of design were discussed
for improvements. Established on calculation tables, voltage of some busses failed to
fulfill design criteria margins and also some transformers and transmission lines were
faced with overload. In this cases minimum size of capacitors bank and also reactor have
been chosen and several parallel transformer, two circuits, and bundle transmission line
have been introduced with required changes in the critical points also used of tap
changing transformer in terms of automatic voltage regulator (AVR) is to varies the tap
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until meet the specification of certain requirement to regulate bus voltage. In addition
interconnected power system which was divided into the two areas works properly with
these modification and desired responses have been taken from last simulation which was
reported on detailed simulation result at index after which a precise and accurate system
Is presented in the end.
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