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Abstract

Since the Great East Japan Earthquake, the electrical power industry has been changing dramatically. Power
companies have been required to separate electrical power production from the power distribution and transmission
sector. As a pioneer, Tokyo Electric Power Company (TEPCO) has taken a company system. In the electric power
market, entry to the electricity retail business was fully full liberalized in April this year, enabling retail electricity
companies to sell electricity to ordinary homes. In order to maintain the fairness of power system operations, the
Organization for Cross-regional Coordination of Transmission Operators (OCCTO) was started in April 2015.
Opportunities for system operation were expected to expand throughout Japan. Moreover, expansion of direct-current
equipment between power companies in the Tokyo and Chubu areas has been planned. All of these reflect the
significant policy for reform of the electricity system in Japan, and the policy has been carried out steadily.

In the changing power sector in Japan, electrical engineers are in high demand as before. Electric power
companies have developed a digital real-time simulator of the power system for operators, and have been using it for
training. In this research, we developed a power system simulator engine for education in universities; the simulator
engine is also useful for power system analysis in research. The reproducibility of electrical phenomena in the power
system and calculation performance of the engine have been verified. Low-frequency poorly-dumped oscillations
occurring in the eastern power system in Japan were used to verify electrical phenomena, while a large-scale power
system was used to evaluate the calculation performance. Satisfactory results in both verifications were obtained.

Keywords: Power system simulator, Dynamics simulation, Transient stability, Power system analysis, Standard power
system model in Japan
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Fig. 1 Flow chart of transient stability calculation.
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Table 1 Scales of standard power system model.

Gen. Bus Load Line | Trans.
EASTI10 10 47 12 33 22
WESTI10 10 27 17 16 10
EAST30 30 107 31 68 55
WEST30 30 115 34 94 30
EASTI120 120 197 31 68 145
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Fig. 5 Eastern 10 machines - power system model (EAST10).
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Table 2 N-1 contingency scenario (3LGO).

No. | Time [sec.] Event
1 0.000 Simulation Start
2 1.000 3-Phase Grand Fault on Line <36>
3 1.070 Eliminate Fault ( 1 Line Open )
4 20.000 Simulation End
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Fig. 7 Angular velocity deviation of generators.
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Table 3 Machine spec.

CPU Intel® Core™ i5-6200U 2.3GHz, 4cores
RAM 3.5 GB

0S Scientific Linux 6.1

C Compiler | gcc version 4.4.5
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Table 4 Evaluation of time required (Average).

EASTI10 WEST10 EAST30 WEST30
Time [sec.] 2.84 2.64 5.21 5.51
Ratio [%] 14.2 13.2 26.1 27.6
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Fig. 11 Expansion method for EAST120 model.

Table 5 Expanded power system model.

Gen. Bus Load Line Trans.
EAST30 30 107 31 68 55
EASTI120 120 197 31 68 145

Table 6 Evaluation of time required in large scale power

system.
EAST30 EASTI120
Time [sec.] 5.21 13.74
Ratio [%] 26.1 68.7
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Fig. 2 Block diagram of automatic voltage regulator in the standard power system models.
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Fig. 4 Block diagram of governor for hydro machine model in the standard power system models.
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Fig. 8 Western 10 machines - power system model (WEST10).



BIRMY I 2L — 2 HBNGESE T Y O v OR%E
(3013)
(3012) 2 (3014)
3017
e )% 3017> Q12 L Soids (
3119 3101
<3130
. > 31195 <3101>
Gio4) (3001
T <3116 <3121>
ey <S131> 210s 1043102)3002)
(3125) (3105) 9
2 (3304) &
3106 | <3703
©B019) @127 |<3733> 5123 e 103 (3003)

<31
<3019>

[e5)

<3132>

UL 31291065

<31 34> (3305)
3128)

<346? Rod)

(3020)
(3129)
(3307)

3020>}¥30R1>

707> (30p1 )@

(3131)

3409
% 3309

<1010>

(1020)

<1060>
<1080>

<3308>N\
(3214)

R

<3137> <3136>

- (1090)
<3040>

<1200>

1,000MVA base
(Bus No)
<Branch No.>
500kV Line:

1) Gor)

<3070>
[~ (2070)

<1190>

<3030>
(2030)

<1090>
<1120

<1os_(I)L_

<1110>

G

<1520> | <1550>

<1270>

<1410>

(1230)

<1690>

[ ]
(3121) <30
%3015) % [ (3301) =T (3203 3004>
<3205 ~|‘_3“Z°”i§|<;
<3116> ( 3)201)(3004)
3202
(3114) 3108
<3124> T»Fs s (320
= (3206 205 0
(312283302 ¢ aoons @ ()3203} % )
= (3306)
s <3005>
<3109>
(3130) (3113)
<3408> <3403
(3308) (3303)
<3118> <3110>
<3111
@111) <3303_});338088)>__ 1(3110)
(320 <3006
a1 <3205> ' Gv G112>
3006
(3132 | (3208) 313> 3107)! :<3
(F410> N <3206> <
10
O A (3112) <3305 —<3B04
( k‘04> 7 (3210)__AN
3209%3010>
(3010) = (3009)<3207> (3211)

Fig. 9 Eastern 30 machines - power system model (EAST30).
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