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TRANSFORMER
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TRANSFORMER TRAl A
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2 JN2-B
TRANSFORMER TRAL A
I1GIN21CGINZLEB
2 JN2-C

«072
.026

.0036
-3072

Connectivity capacitors
GJINZ1A
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TRANSFORMER
999595
1GJIN22AGIN22C
2 JN2-A
TRANSFORMER TRAZ A
LGIN22BGIN22A
2 JN2-B
TRANSFORMER TRAZ A
LGJN22CGINZ2B
2 JN2=-C

.413 2.734 110. 0 0 0

120. 0 0 O
120. 0 0 O

1.0 1.983
.33 3.392

TRAL A

. 099 1S.
B.448138.56
TRAL B

TRAL C

TRA2 A
.0036 .099 15.

«-3072 8.448138.56
TRA2 B

TRAZ C

C ===== COonnectivity capacitors

GJIJNZ22A

GJNZ2B

GJN22C

C ++++++TIN4
TRANSFORMER

9999

1 JN2-A

2 JN4-A
TRANSFORMER TRAN A
1 JN2-B

2 JNA-B
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TRAN A
»1L76013.225132.79

.5330 40.0230.94
TRAN B



GJNZL1B

GJN21C
C +++++Generator JN2GL
TOLERANCES
PARAMETER FITTING 3.0
€ ====== Machine ratings
11 2 1.0 1.0 375.0 15.0
BLANK CARD - NO SATURATION MODELLING
c
€ --—--- Electrical data- Manufacture s data
0.038 0.220 2.350 2.30 0.300
1.00 3.000 0.030 0.03 0.150
L Mechanical system data
1 1.0 0.94755877
BLANK CARD ENDING MASS CARDS
C ===== Cutput data request
51
10 4 8 14
k)
21
BLANK card ending OUTPUT request
FINISH
C ++++++++GIN22
S9GJIN22A 12247.45 50. 0.0
GJNZIB
GJN22C
C ++++++Generator JN2G2
TOLERANCES
PARMMETER FITTING 3.0
€ -==---- Hachine ratings
i1 2 1.0 1.0 375.0 15.0
BLANKE CARD - MO SATURATION HMODELLING
C
C mmmm—— Electrical data- Manufacture s data
0.038 0.220 2.50 .50 0.300
1.00 3.000 0.030 0.03 0.150
C ————-——- Mashanisal avatam data
1 1.0 0.94733577

BLAMNK CARD ENDING HMASS CARDS

C ===== Output data request
51
1o
3
21

BLANK card ending OUTPUT request
FINISH

BLANK card ending SOURCE data

€ ----- Hode voltage ocutput regquest

FUY_A TWA_A PAD_A ATMETEA ATMEAAATUIIASATUIDIR
& AL Fhirn A R W

BLANK card ending NODE VOLTAGE OUTPUT requesat
BLANK ENDING FLOT

BEGIN NEW DATA CASE

BLANK

-1 - A
L=] &

50
280.0

«3 0.250 0.25
280.0

3 0.250 0.25
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V [kV]
30

20
10
0

=1

q e v
200 400 600 800 1000 t[ms]

Phase voltage at GJN21, fault at FAR, fault duration 100 ms
without control - voltage instable

ASal) aladin ¢yga Aladl Jal 1 Agall A jehall yigi il i ((2-7 ) ady JS&d)

ALl 3 LS (Jlaal S 58 11anl a5l il Cam oSt 3 g sl pll Ay shll 565l 5 i (3= 7 ) oy e -2
ms 50 e 8 e ety 3 55l ) aae G a5 Jlaall Jead 5l K15 38

V [kV]

IR
:

T

50 100 150 200 250 300 350

Phase voltage at GJN21, fault at FAR, fault duration 100 ms
with control

pSad 35as g0 GIN21 Usall g3 15 A Lshll figh i i (3.7 ) fd, Je
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sl gl daadly ) ghall S Jlaall Jomn Cum 835 b Jo gni & dana ant (Lol shall g8l yuasi (427 ) a8, IS8l -3
o 53 ) ALYl 1.46% (s~ 2 5 5T KV 300 Jos ) Jshall 55 adi  Jhaall Jead 22y (815 qalalls Jaall oL a2ay
ASaill alad Jaadiane Alla A gl )l ade ) a5 Lee 56l s sa

VIKV]

100

-100

-200

-300

0 50 100 150 200 tims]

Phase voltage at FAR for SYR2-7.dat,
Without TACS, fauit duration= 100ms
INSTABLE ’
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VIKV]

100

-100

-200

-300
0 50 100 150 200 tims]

Phase voltage at FAR for SYR2-80.dat, fault duration 100ms
With TACS

pSa pUT 335 o 8358 Jasad Aana b Allanal) gaandl oo o ghll Jigh i ( 547 ) o8, Je
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VIKV]

300
200

100

-100

=200

-300

0 20 40 60 80 100 120 140 160 180 i[ms]

aSadll Jaii axe Aa 3 400 1,00 Ahiaa Gluil gkl 58 ) i ((6-7 ) ady JS&Y
IS 5 ) il e ) (523 Loe AUEI (e ety aS 035 Ll il dn g of (7 -7 ) o JSEI b Jaadly LS

VIKV]

400

200

-200

-400

800 850 900 950 1000 1050 1100 1150

Phase vo at ADS4A for -7.dat,
Without TA SYR2-7.dat, fault duration 100

400 13 Adaaa Glaall )ghl) 558 daga 05l (7 — 7 ) pd) Jel)
aSa) Jaadl pae Alla b
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(ko]
400

S ANNN
2V V VU

-400
t[s]

<

o

1.894

[ko]
400

ANAARE AN
;UVWWWUM

20
-400|

L=

>

o o

'] 100 120 140 160 1"°t[|11$]

mxgsmge at ADS4A for SYR2-80.dat, fault duration 100ms
The distortion is eliminated after 2s

aSatl) Sl xie 400 158 Jysad Adaa (pdal skl Jigi il i (8 — 7 ) b JS

-6

a.c).uﬂ\uc1J]}d\:tc)uu\)m\ésﬁ)})ﬂd{gﬁ@@&uhmﬁécJ#\@MM\‘).\;U(9—7)?§JM\%-7
Al )55 pmg Al sl iy pie ) yudis Lea Sl (Junis pie Jln (8 ) et 3 350 Gy oGS TS el 30
5351l 215l 550 ) yuty L i) A g 8 55 313500 ) (s Jladl (8 St (Janis Jla 3 el el (e

weellatll Jaall Alls
[Rals]

AC
&

C

0 200 400 600 800 1000 1200 1400 1800 1800
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JWJ VUV

0 1000 1200 1400
t [ms]

EM.Torgue [Nm] for SYR2-7.dat, 100ms
Without TACS
INSTABLE

T [Nm]
3

-

1 Al gall ssilaliig <) o jal) Ao 8590 Jagad dana guand (lpedad die B Jlanl) 150 (10 = 7 ) pd) Sl
aSald 98 Alad) Jal

JaY 1 2 pall asplliin S o 3al e 855 58y pnd idae s (o e Jaliall Jlaall Ll (117 ) o IS G-

aSatl) 3 el JANI o) ya (e BaelAie LAY e iy Lia oS 2 5adl o JSEN (e Jaadl aSaill 3 g g ae AlLA)
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T [Nm]

2.0

o VAN N
W NV

0 200 400 600 800 1000 1200 1400 1600 1800

t [ms]

Torque for SYR2-60.dat, fault duration 100ms
With TACS
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Design sl
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6. Investigation of some transient phenomena in the Syrian power system, and proposing proper measures
for enhancing the dynamic performance of the grid.

A part of the Syrian 230400/kV has been modeled using EMTP. With the inputted data file one can simulate
any disturbance on the system. Only one needs to change the disturbance data cards. A number of simulations
have been done. A number of faults at different locations and duration have been simulated with and without
controls where the output results are: waves of bus voltages, current waves, machine excitation currents,
torque waves and machine rotor angles and velocities. The results showed that some of the generator output
voltages had voltage spikes with 10 times the rated voltage without control and even about 4 times with
controls.

It is worth mentioning that such studies of electromagnetic transients in the Syrian power system have not
yet been performed or at least not published by electricity authority. Some of the major difficulties faced in
conducting this work have been the lack of network data, and unavailability of updated software. The main
outcome of this research work is at least raising some of the problems of the Syrian power system, which
should be studied in detail in case the required parameters of the power system components are available.
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Summary of PhD thesis

Thesis title:
“Digital simulation of electromagnetic transients in electric power systems”.

1- Introduction
Transients in electric power systems due to disturbances (e.g. faults, line or load switching) may be subdivided,
for reasons of its dominating frequencies and time constants, into characteristic time/frequency ranges.
They range from extremely fast traveling wave phenomena on overhead lines to the control phenomena of
steam turbines.

Characteristic for the electromagnetic transients (i.e. fast transients) are mutual charging processes occurring
between the inductive and capacitive energy storage of the network, including the leakage inductances of
the electrical machines. Examples for electromagnetic transients are: Lightning surges (in pus), switching
surges (in ms) ...etc. These transients affect the system components near the fault without influencing the

generators performance.

During the electromechanical transients (slow transients) the charging processes take place between the
mechanical energy storage-elements, and a wide area of the system may be affected. The transient stability
is an example of these transients, where the main concern is the oscillatory behavior of the generators with
respect to each other following transmission faults and switching operations.

For the digital simulation of transients in power systems many programs are presently being used worldwide,
such as EMTP, NETOMAC, PSS/E, and Simpower and to some extent Matlab. The programs Matlab/
Simulink, Simpower and EMTP have been used in his research work.

2- Simulation and modeling of basic circuits in transient operation mode using Matlab/Simulink and
Simpower for a variety of configurations.

3. Building mathematical models of power system components and its application to typical networks and
to high voltage lines (230 kV and 400 kV) from the Syrian transmission network. The studies on these
lines have shown that the switching on of the line has resulted in about 200% of the rated voltage with a
distortion of receiving end voltage wave. The distortion is eliminated in about 200300- ms. The switching
off of the line has caused more severe voltage values and distortion which is eliminated in about 600 ms.

4. Simulation of selected transients in typical networks resulting from resonance and large disturbances.

5. Case studies: a number of case studies have been performed.
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