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1. INTRODUCTION

Power system harmonic analysis is to determinéntipact of harmonic producing loads on a power
system [1]. Harmonic analysis has been widely usedsystem planning, operation criteria development
equipment design, troubleshooting, verification standard compliance, and so on. Over the past two
decades, significant efforts and progresses haga b&de in the area of power system harmonic aealys
Well-accepted component models, simulation metha$ analysis procedures for conducting harmonic
studies have been established. Harmonic studiebereming an important component of power system
analysis and design.

The HPFCODE "Code Harmonics Power Flow" is a progod simulation and calculation of power
flow [2], power grids, can give the results of povilew in the nodes, power flow and power losseshia
lines, in the network system to select IEEE 6 npdedEEE 14 nodes. The HPFCODE calculates of the
harmonics power flow [3] in the nodes, lines, powesses in the lines, and also in the normal case (
harmonics). Through the HPFCODE code, we can aieuthe power flow of a power system with linear
loads or with a nonlinear load any (SVC TCR, UPFC),. by the choice of a preferred network and the
nonlinear load which we prefer, and running thegpam.

2. STRUCTURE OF HPFCODE

Our program is called HPFCODE was developed toutatie the power flow and power losses [4] in
the lines for various systems of the power gridBFBODE can analyzed and calculate the power flow
(power flow) in two cases: PFNormal where the loadslinear and PFHarmonic where there are nomline
loads (SVC, TCR, and UPFC) [5].
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Figure 1. Structure of program HPFCODE

HPFCODE is a computer code produced in MATLAB [@jd allows you to run multiple
applications and functions (MATLAB files). HPFCODS&ructure is based on graphical interfaces [7]
performed by MATLAB (GUI).
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The HPFCODE "Harmonics Power Flow CODES" is a simulation program and of calculation of the
power flow in the electrical netwarks, allows giving the results of the power flow in the nodes, and
the power flow and losses of power in the lines, in system of network namely: |EEE B nodes,

or [EEE 14 nodes

Choice of the type of the power flow
1-The power flovw normal
2-The power flow harmanics

PFMormal ~

Réslized bay

HPFCODE is & computer code caried out in language MATLAB, it makes it possible to carry out
geweral applications and functions (Matlab files))

The structure of the HPFCODE is based on the graphical inteffaces made by MATLAB (GUI)

PFCODE can analyze and calculate the flow of power (power flow) in the nodes, and in lines, and
_— lngges of power in the lines in the twa fallowing cases:

1. PFNotmal if the loads are lingaires
2. PFHarmonic if there are nonlinear loads (SYC, TCR, UPFC)

coee |

Figure 3. Help Window of HPFCODE program

) System1

network system |IEEE 6 bus

Lsing of MNewton-Raphson hethod

[ Fowier Flow in the nodes ]

[ Losses and power flowe in the lines ]

Figure 4. Network System selection with PFNormal

Figure 5. Results of the network system 1

First, the GUI displays a HPFCODE home page thattimes the objective of this program code for
calculating the harmonic power flow with " a subtina is called POWERFLOW, and three buttons:
- The first button is "Directed by" the author ofglirogram HPFCODE.
- The second button is "Help" gives an overview @f pnogram.
- The third button "Close" to exit the HPFCODE progra
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If you click on the first function PFNormal the lwlving window. If you click on Systeml,
System2, etc.., another window appears, and you sed@ct one of two functions: Perform a power
calculation in normal nodes (without the presentéasmonics) or calculate the normal power and powe
losses in the lines of the network system that wlassen. By cons, if you press on the first function
PFHarmonic the following window is:

J PFHarmonic : < ¥ System_1 @'E'@

Calculation of Power Flow with non lineair loads

Network system |IEEE 6 bus

SVC Nod -

SWC_Mod
TCR_Mod

System_2

UPFC_Line

Figure 6. Network System selection with

PEHarmonic Figure 7. Network System 1 with non Linear Loads

Then click on System1 [8], System2 [9], or Systdhe (study system available in the database), gives
window of a choice for non-linear loads on powestsyn chosen

If you selected the first non-linear load SVC reygrted by "SVC_Nod" window of Figure 8
appears with a choice of location of SVC node ttecte If you click on other nonlinear loads TCR
represented by " TCR_Nod " or UPFC represented BPFC_Line "a window similar to Figure 8 appears.
For "UPFC_Line, the siting of UPFC is comparedht® lines of the system studied.

3. DEVICESOF GENERATION OF HARMONICS

The Harmonics are created by devices, the voltagerént is not linear [10], as is the case with
power electronic converters and motor drives. Agqthe harmonic generators, we can mention: Noratine
loads: Static Var Compensat(8VC), Thyristor controlled Reactor (TCR), UnifiedWwer Flow Controller
(UPFC):

« Six-phase Rectifier Bridge.

e Switch Mode type computer.

e Lighting load.

e Variable speed.
Among the non-linear loads used in power systenfsiclwgenerate harmonics, we distinguish mainly
FACTS systems "Flexible Alternating Current Transsion System” [11]. These devices are in geneml u
of power electronics, microprocessors, automattefecommunications and software to achieve control
power systems. These are some fast answers. arbeyn principle more flexible control of poweoi.
They also can load the transit lines to values tieair thermal limit, and increase the ability tartsfer
power from one region to another. They also lithi¢ effects of faults and equipments failures, and
stabilized the network behavior. But they are @rs® of harmonics currents often undesirable.

SVC_Nod 3]

Network System IEEE 6 Nodes

Transmission Line

SVCin Node

Mad1 -]

_kgﬂlg_ﬁ)_ Coupling

Transformer

| Static VAR
- Compensator

Figure 8. Possible Nodes of Hiring of the SVC ia th
Study System

Figure 9. SVC connected to a transmission line
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4. STATIC VAR COMPENSATOR (SVC) DESCRIPTION AND MODELING:

The SVC uses conventional thyristors to achieveé ¢astrol of shunt-connected capacitors and
reactors. The configuration of the SVC is shownFigure 9, which basically consists of a constant
capacitor(C) and a thyris-tor controlled reactay.The delay angle control of the thyristor banksed®aines
the equivalent shunt admittance presented to thepsystem [12].

New version of SVC is basically a shunt connectetics var generator/load whose output is
adjusted to exchange capacitive or inductive carsenas to maintain or control specific power syste
variables; typically, the controlled variable isetlsVC bus voltage [13].0ne of the major reasons for
installing a SVC is to improve Dynamic voltage cohfand thus increase system load ability. An additl
stabilizing signal, and supplementary control, suipgposed on the voltage control loop of a SVC can
provide damping of system oscillation as discus$edhis paper, the SVC is basically representedaby
variable reactance with maximum inductive and caivaclimits to control the SVC bus voltage, with a
additional control block and signals to damp oatitins, as shown in Figure 10.

Additional
put T

- I e T 3 .

LR

Figure 10: Structure of SVC controller with oscillst damping, where B is the equivalent shunts suaoep of the
controller

The model considers SVC as shunt-connected variabfeeptance, BSVC which is adapted
automatically to achieve the voltage control. Tiygiealent susceptance, Beq is determined by thegfir
angle "of the thyristors that is defined as theagelingle measured from the peak of the capacitbagm to
the firing instant.The fundamental frequency eqli@maneglecting harmonics of the current resultq.[1

Beq = BL(a) + Bc (1)
B, (a) :—i(l—E—M) ),B,=aC and "<a<90  (2)

T T

If the real power consumed by the SVC is assuméxt toero, then:

P =0 3)

svc

QSVC = _BSVC*V ? ) (4

That, “V” is the bus voltage magnitude

As the reactive power demand at the bus variesstiseeptance is varied subject to the limits.
However, the reactive power is a function of theiasg of the bus voltage. Hence the reactive power
generated decreases as the voltage decreases.

5. CALCULATION OF THE HARMONIC POWER FLOW

A regular program for calculated the load flow wased to calculate the harmonic active and
reactive power, currents and amplitudes and phafsesdal voltages. This program implements the téew
— Raphson[15] for calculating the system of equetithat represent the balance of active and reantdal
powers.
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The process of compute the flow of harmonic powat ig as follows:
1. First, a load flow is calculated for a fundanatritequency. The nodal voltage magnitudes obthare
used to convert the power load admittances.

=P Q0 ()
ir V-2 Viz

2. Then the admittances, load modeling, have besalaulated for the harmonic of order

(6)

Y. - jy.n P

— i _ Qi
VN VN Y
3. The impedance of the transformer for the harmohorderh is given like [10]
Z, =R+h+jx.h (7)
With R, andX; impedances of transformer at the fundamental frecyue

4. For the circuittequivalent of the line of transmission, its spedifnpedance for the harmonic of order h
is calculated by the relation:

Z, =R, + ] X,h=R, + j27t h (8)
and the specific admittance :by
Y, =G, + jB,h = G, | 27C,h 9)
The impedancé&. and admittanc¥., of the circuitzzin a long line are determined as
Z,=R.+ X, =real (Z,)+ jimag (Z.) (10)
= Z;sh(y,l) = Zc(em_ze_yulj

Z

Where Z . = —% is the impedance of the waye = ./Z,Y, ,is a factor of wave propagation and L the
0
length of the line.

The data corrected on the parameters of the elattupply elements of the network were transfetoatie
calculation program from flow from load.

6. SIMULATIONSWITH HPFCODE

6.1. Nomenclature

Symbols Description

S Static Var Componsator

TR Thyristor Controlled Reactor

[TRRC Tnified Power Flow Control
Y The Adrmittance
}’“ The hartnonic Admittance of order b
; The voltage magnitudes of the node 7
F The Active Power of the node
O The Reactive Power of the node

Design of a Computer Code “HPFCODE" To Evaluate th8uence of the Harmonics in the ... (A. Souli)
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6.2. The Network Systems of the Test
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Figure 9. Network System 6 bus, 11Lines Figure 10. Network Systemhl#, 20 Lines

6.3. Power Flow (PFNormal)

6.3.1. Examplel: Network System 6 bus, 11 Lines

Table 1. Power Flow of Nodes

NewtonRaphson Loadflow Analysis

Buz| V | Angle | Injection Generation Load

No| po | Degree| MW | MVar | MV | Myar | MW | MVar
1 10300 00000 1.427 48609 1427 48600 0.000 0.000
2 10800 -06399 0300 4926 0500 492 0000 0.000
3 10800 -06270 0600 -13289 0600 -15289 Q000 O.000
4 10738 -04899 0700 0700 0000 0000 0700 0700
510832 06743 0700 0700 0000 0000 Q700 O.700
6 10340 07046 0700 0700 0000 0000 0700 0.700
Tofal 0427 39072 2327 -36871 2100 2100

TaklePower flow and power losses in the lines

Line FLow and Losses

From|To P Q From| To P Q Line Loss

Bus Bus MW MVar (Bus|Busz MW | MfVar | MW DVar
1 2 -1220 -15105 2 1 1428 15521 0208 0.417
1 4 1365 -13857 4 1 1277 14209 0088 0.332
1 5 1282 -11929 35 1 -1.177 2321 0104 0392
2 3 -0.101 0.020 32 0101  -0.020 0000 0,000
2 4 0611 4862 4 2 0621 4842 0010 0.021
2 3 0132 -1.101 5 2 0133 1105 0001 0003
2 6 -0.084 -2129 6 2 0087 2137 0003 0.008
3 5 0193 -1.231 53 0.197 1235 0002 0003
3 6 00694 4436 6 3 0691 4474 0003 0.017
4 3 0044 1966 5 4 00351 1973 0.007 0.013
5 6 0097 0327 6 5 009 0327 0000 0000
Total Loss 0.427 1.226
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6.3.2. Example 2: Network System 14 bus, 20 Lines

Table 3. Power Flow of Nodes

NewtonRaphson Loadflow Analysis
|Bus| V |Angle | Injection Generation | Load _|-“
|No| pu |Degree| MW | MVar | MW | Mvar | MW | MVar|
1 1.0600 00000 232593 -15.233 232593 -15.233 0.000 U_[][][]_
2 1.0450 -49891 18300 35228 40.000 47928 21.700 12_7]"7[5[]7
3 1.0100 -12.7492 94200 §.758 0000 27.758 94200 1950[;
4 1.0132 -10.2420 47800 3900 0000 0000 47800 3;[][]_
5 1.0166 -87601 -7.600 -1.600 -0.000 -0.000 7.600 16_[][]_
6 1.0700 -14.4469 -11200 15526 0.000 23026 11200 ?5_[][]_
7 1.0457 -13.236%8 0000 0000 0.000 0.000 0.000 []_E[-]-[]_
§ 1.0800 -13.2368 0000 21.030 0000 21.030 0.000 []_[]_U-[i_
9 1.0305 -14.8201 -29500 -16.600 -0.000 -0.000 29500 16_6[][]_
10 10209 -150360 -9.000 -5.800 -0.000 0.000 9.000 5_8_[]-[5_
11 10461 -148581 -3.500 -1.800 0000 0000 3.500 1,8_[]-[]_
12 10533 -152973 6100 -1.600 0000 0000 6.100 1,6_[]-[]_
13 10466 -153313 -13.500 -5.800 0.000 0.000 13.500 S;UU_
14 10193 -160717 -14.900 -5.000 -0000 0000 14.900 S.EEU_
Total 13503 31.0080 272303 104.500 250000 ?3?5-0-[]_

TableRbwer flow and power losses in the lines

Line FLow and Losses |
From[To| P |Q | FromTo| P | Q | LimeLoss |
|[Bus [Bus| MW |MVar| Bus|Bus MW | MVar | MW | MVar
12 157080 1748 2 1 -152772 30639 4309 13155
15 75513 7081 5 1 72740 3464 2773 11445
23 73306 503 3 2 71063 3804 2333 0830
24 55043 2035 4 2 54273 2132 1670 5067
25 41733 4738 5 2 40813 -1920 0920 2800
34 23137 7752 4 3 23528 6753 0301 0998
45 50585 11574 5 4 60064 -10063 0479 1511
47 27066 -15396 7 4 27066 17327 0000 1932
40 15464 2640 O 4 15464 3032 0000 1200
5 6 45830 20843 6 5 45880 26617 0000 5774
_6- 11 8-;;?_ 8.898“ 11 6 -8-.-165
7767 12 866:17 3.1?6” 12 6 -}‘7.7984
_6- 13 18_33:; 9.98-1- 13 6 -1-8-.085 0485 0252 0496
78 -0000 20362 § 7 0000 21030 0000 0668
79 27066 14798 © 7 27066 -13840 0000 0057
910 4303 0004 10 © 4387 0920 0006 0016
014 8637 0321 14 O 8547 0131 0080 0100
_1[] 11 4_6i; —6_?2-[-] 11 10 4_-6-65
_12 13 I_Sé-; 1.40-8- 13 12 -1_-8-?3
_13 14 6_—b:§ 5.08-3'- 14 13 -6_-3-53
TotalLoss -

Design of a Computer Code “HPFCODE" To Evaluate th8uence of the Harmonics in the ... (A. Souli)
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6.4. Har monic Power Flow (Pfhar monic)
6.4.1. Examplel: Network System 6 bus, 11 Lines
6.4.1.1. Our example is the SVC in nodes 5

Table 5. Power Flow of Nodes

Newton Raphson Loadflow Analysis

Buz V
No |

Angle

Degres

Injection

MW

Mvar | MW

Gereration | Load

Mvar | MW MVar

1

10300

00000

1.502

2328 150

32328 0.000 0000

5

10800

-.6918

0300

6.978  0.500

6978  0.000

0.000

(%]

10800

0.6997

0500

-11243 0 0600 -11243 0.000 0.000

10733

0.3240

0700

0700 -0.000

0000 0700 0700

1.0793

6932

0700

0700 -0.000

0000 0700 0700

1.0833

07648

0700

0700 0.000

0000 0.700 0.700

Total

0.302

-38.894 2602

36794 2100

2100

TallePower flow and power losses in the lines

Line FLow and Losses

FromTo| P Q From/ To| P Q Line Loss

Bus Bus MW | MVar |Bus|Bus MW | MVar| MW MVar
1 2 0807 -15305 21 1020 15732 0213 0426
14 1714 13799 4 1 1627 14149 0088 0351
15 03594 15707 51 0415 16155 0179 0448
23 0062 0012 32 0082 0012 0000 0000
24 0781 3243 42 079 5219 Q012 0.024
25 0126 0183 5 2 0126 0183 0000 0.000
26 0073 -1919 6 2 0071 1826 0002 0.006
37 0111 0224 53 0111 0224 0000 0.000
36 0330 3883 6 3 0347 3911 0005 0013
45 013 -1533 3 4 0130 1540 0004 0006
36 0082 1090 6 5 0081 1094 0001 0.004
Tofal Loss 03 1279

6.4.2. Example 2: Network System 14 bus, 20 Lines
6.4.2.1. Our example is the SVC in nodes 7

IJECE Vol.2, No.5, October 2012, pp. 681~690
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Table 7. Power Flow of Nodes Table 8. Power flow and power lossesilines
Newton Raphson Loactlow Analysis Line FLow and Losges
""""""""""""" FromTo| P | Q |From/To| P | @ | LineLoss |

|Bus| V | Angle | Injection | Generation | Load | Bug [Bus| MW |MVar | Bus | Bug MW | Mvarl MW [MVar |

INo | pu | Degree|MW] MVar | MW | Mvar | MW | MVar| | [ T

1 10600 0.0000 232.596 -17.825 232.596 -17.825 0.000 0.000 1 5 75748 5335 5 1 -72975 6112 2.773 11.444

2 10450 -4.9814 18300 27.702 40.000 40402 21.700 12.700 -
......................... 2 4 56181 -1229 4 2 -54501 6327 1680 5.09

3 10100 -12.7104 -94.200 4497 -0.000 23.497 94.200 19.000

2 3 73116 5964 3 2 -TO.BOO 3792 2316 9756

2 5 41556 1442 5 2 -40654 1311 0902 2753

4 10203 -103508 -47.800 3.900 0.000 0.000 47.800 -3.900 3 4 -23.400 3.591 4 3 23568 2652 68 0.940

5 10222 88158 -7.600 -1.600 0.000 0000 7.600 1.600 - -
......................... 4 7 28154 22565 7 4 -28.154 25123 -0.000 2.558

6 10800 -142033 -11.200 -10.702 0.000 -3202 11200 7.500

4 5 -61.383 15666 5 4 61.897 -14.043 0,515 1.623

4 9 16161 -8070 9 4 -16.161 9760 0.000 1.689

T 10670 -13.3825 -0.000 -0.000 -0.000 -0.000 0.000 0.000 5 6 44132 -23.061 6 5 -44.132 28.634 0.000 5573

611 7451 3450 11 6 7396 -3335 0.055 0.115
§ 1.0900 -133825 0.000 14211 0.000 14211 0.000 0.000
......................... 612 7214 -1292 12 6 -7.157 1400 0057 0118

9 10664 149423 -29.500 -16.600 0.000 0000 29500 16:600 P

18267 -7.726 13 6 -18.044 8165 0.223 0.439

10 1.0614 -15.0920 -9.000 -5.800 -0.000 -0.000 9.000 5.800 7 8 -0.000 -13.912 8 7 0000 14211 0.000 0.299

11 10671 -147772 -3.500 -1.800 0000 0.000 3.500 1.800
......................... 9 10 5129 4328 10 9 -5116 -4.295 0.013 0.033

12 10750 -15.1924 6100 -1.600 0000 0.000 6100 1600 o 14 9686 12506 14 8 -040 13101

7 9 28154 1037 9 7 -28154 -0.270 0.000 0.767

13 10785 156254 13,500 -5.800 -0000 -0.000 13500 5500 1011 3884 L505 1110 3896 L5 0013 0030

14 10872 -17.0226 -14.900 -5.000 0.000 0.000 14.900 5.000
......................... 13 14 53582 -5362 14 13 -5.494 5541 0.088 0179

Total 13.596 -16417 272.596 57.083 259.000 73500 -'T;t%;l'}:;;s """"""

12 13 1057 3009 13 12 -1.038 3.027 0.019 0.018

7. RESULTSAND ANALYSIS

We observe that for Example 1 where the networkesydEEE 6 nodes in normal case ( no non-
linear loads ), and after calculated the power flomodes and lines by the Newton- Raphson weirlata
value of 0.427MW for Power Losses in the lineg] arvalue of 1,226 MVar for losses of reactive polse
cons if you place a SVC in the node 5, the los$exctive power increases a range of 7.5 % andiveac
power losses increase by a range of 5.3 % duertodmac currents generated by the SVC.

For example 2 where the system of networks IEEBNddes, in normal case (not of nonlinear
loads), and after the calculation of the flow ofsmeo in the nodes and the lines by the method Newton
Raphson one obtains a value of 13.593 MW for tkede of active power in the lines, and a valuesd B
MVar for the losses of power reactivates, on theohand if one places a SVC in the node 7, thecksf
active power increase by a range of 0.3%, anddabsek of reactive power increase by a range of,200%
to the harmonic currents generate by the SVC. bdipg on the location of the SVC in network systems
have been studied. The results are acceptable edmepared with the work [16, 17].

8. CONCLUSION

The HPFCODE program is called «Harmonics Power FO@DE ", developed in MATLAB
environment has been tested on several nonlinesislsuch as: SVC, TCR, UPFC, and gaves entire
satisfaction for the simulations performed confimmithe relevance of this code. The results weresi
consistent and show the influence of higher harg®on power losses in electrical networks. And aeeh
confirmed the possibility to analyze other nonliné@ads with this computer code HPFCODE generating
harmonics in power systems.

Design of a Computer Code “HPFCODE" To Evaluate th8uence of the Harmonics in the ... (A. Souli)
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On the basis of different nonlinear loads simulated a number of different networks (IEEE
l4nodes, IEEE 6nodes), which we consider fairlyrasentative to validate our computer code, we can
conclude that the computer code HPFCODE gives hettgults and can admit the improved graphical
interface of this code, reducing the number of wind that are modifying it to simplify its use. Thigh the
HPFCODE code, we can calculate the power flow pbaer system with linear loads or with a nonlinear
load any (SVC TCR, UPFC...... ), by the choice of a @nmefd network and the nonlinear load which we
prefer, and running the program.
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