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== o dJd
2 =182 A2 Al=20] &
“ HE H 2ZU0IHE JIBtote U2 &2 AIZd0Ie 24
AMZ2d0l&8 S
< PDT/TSA: U2 &2 OHE A
“ EMT: &AM 22, s a & A8
< Hybrid (PDT+EMT) : i # &2 &= 2t
g2ddg
% Top-down : PDT data - EMT modeling
< Bottom-up : EMT data - PDT modeling

Phasor-Domain Transients (PDT)
Transient Stability Analysis (TSA)
Electro-Magnetic Transients (EMT)
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EMT V.S. PDT/TSA AI2801& HI 1 (1/2)

Phasor-Domain Transients (PDT)
Transient Stability Analysis (TSA)

Electro-Magnetic Transients (EMT)

Al 722+ 2~50 [us] 50~200 [ms]
£ gt 2= Al gk (Instantaneous values) 4l S gt(Magnitude and angle)
=0~ He 0~3 [kHz] 2 & =1tz J1&E(Nominal and off-nominal frequency)
QIAF A i N AR iti
MK =2 3AF 2 A ALK D A A —.(elilasor domain) & o;_—(posmve seq.)
Cha Y 9 HEYT S4 LAl
2 100 24 Olot 212 UIERIA 1,000 24 0|4 U2 8592
o) S MATLAB, PSCAD, EMTP, HYPERSIM, RTDS/RSCAD MATLAB, PSS/E, TSAT, PSLF, Powerworld, ePHASORsim
CHfsh Mt S Ao A2 T S =00l MHE AlEdI0lE &9l Al2Htime step) H| W
itchi i Slow Slow and Fast Dynamics & . Ultra Fast
Switching Transients | Dynamics Transients Very Fast Transients T emiE
| Subsynchronous Resonance | Dynamic 4 Multi-area
Phenomena Very Power System
| Transient Stability | Large
Dyn. Large
| Small Signal Stability | Sim. Power System
£
- [ . FACTS
Long-Term Dynamics § U;ﬂsgla Medium-area Active Filters
Py o | |vehicles Power System Multi-Converters | Interconnected
.§ p— P—— High-Power Drives Mid-Power
- i i ; a Mechanical mall equivalen (1-10 MW) Drives (100 kW)
e o Operstion E| | Syslems | FowerSystems | windrams | 104z P
SCOF — Security Constrained Operation Functions O Vehicles Controller Testing Very Low Power
Robotics _ . Lo Pover | Drives (<10 kw)
Aircrafts High-Power Drives (1-5 MW) Drives (100 kw)| = 10 kHz PWM
| | (R e
Batteries rains, lghway Eleclrnic VENICIes | 1y brid Vehicles models
107 107 107% 0.001 0.01 0.1 1 10 100 1000 10% —
1 k.HZ 10 kHz 20 KHz 40 kHz 100. kHz 250kHz 1 MHz—
1000 us 100 us 50 us 25us 10us 5us lus 5
TIME (seconds) Simulation Speed
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EMT V.S. PDT/TSA AI2801& HI 1 (2/2)

Time domain

Frequency domain
y=flu.x,%%...)
Rearrange == Z‘((z))
= [C](sI — [A]~*[B] + [D]
i=[A]lx+ [Blu
¥ = [Clx+ [D]u

. A
Continuous w = wpo F 5 F o)

Continuous
-1

at at s
Discrete = my + 1A Gk + o 8] (g + )

(14 Atf2[A] Atf2[B]
= (1 —At2 [,=1])x"‘L (1 — ar;z[,q]) G + 25y
Y = [Clxg + [Dluy

H() = n(z) ¥(@) _ [Cl(h'l(z)

=i
“Io e N\ a "[’“) (B] + (D]
Rearrange Rearrange
Z(d[')’k—[) =Z(ﬂ['“k—[)
A A (@) - ¥(@) =n(2) - U(a)
¥ + Z(b[')’k—[) = Z(“['“k-[)
=) i=o
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HX0r 3 228 14 & AMl=dl0[& 8l : IEEE 5 BUS

w N

AN2dI0|8 s ")t Z HWE Flol B2 ===0| AtEote BE
PSS/E(PDT/TSA)2t PSCAD/EMTDC(EMT) J1= HI0IE =4

AMZH0IE AZEY N : PSS/E, PowerWorld, ePHASORsim, E-TRAN,
PSCAD/EMTDC, MATLAB — Simscape Electrical (*H &, Simpowersystems)
(continuous/discrete).

IEEE 5 Bus AI2d0/& 21 Hl

— 5 T Simulation Model Generation Load Demand Bus Voltage Simulation Model Generation Load Demand Bus Voltage
— T e - == g al Bus File Name MW Mvar MW Mvar Volt. Angle Bus File Name o D o Mvar Volt. Angle
; 3 (IEEE5Bus) (pu) (deg) (IEEE5BuUS) (pu) (deg)
T e i) PSS@E Matlab(Continuous) 12070  -7.63 | - 106 000 Matlab(Continuous) 4 - 4003 483 102 532
N s Matlab(Discrete) 129.60  -7.42 ] - 106 000 Matlab(Discrete) ] . 4000 500 102  -532
} ESS/E 29'56 M2 = = D06 B0100 PSS/E - - 40.00 500 102 533
L - - 1 PSCAD 129.61  -7.36 - - 106 000 4 PSCAD ] . 4002 501 102  -533
' PSCAD T 7 s T = 4 1
: : : g ePHASORsIm ] ] ] - 102 532
PowerWorld 129.58 -7.42 - - 1.06 0.00 PowerWorld 1 ] 1 1 1.02 533
= Matlab(Continuous) 4002 2998 20.00 999 104 -2.80 S —— ] T oo e T
L R Matlab(Discrete) 4000 30.00 20.00 1000 104 280 R e ] = oo BT T
T : E _T R A N PSS/E 40.00  30.00 20.00 10.00 1.04 -2.81 B . " W TG ol o
! ELECTRANIX 2 PSCAD 4006 30.08  20.00 1007 104 280 — ] o o BT MR
E-TRAN 4000 29.99 19.99 999 104 280 " . - -
ePHASORsim 40.00 3000 ] - 104 -280 ETRANE 3 & M50 .20 .9 N 0T MO
| PowerWorld 40.00 3000 ] - 104 281 ERLASORSIN ] ] ] & 0" B6S
a MATLAB Matlab(Continuous) | . 4501 1508 102  -5.00 BowerWorld d d d c IC0T BEEECI
T T w SIMULINK Matlab(Discrete) g - 4500 15.00 1.02  -4.99
o O PSS/E ] - 4500 1500 102 -5.00
3 PSCAD ] - 4502 1502 102 -4.99
- fur T . E-TRAN ] - 4499 1499 102 -499
, ePHASORsIm ] ] ] - 102 -499
- ST - m ePHASORSIM PowerWorld 1 1 1 - 102 500
: K j -
i i
P . (@) PowerWaorld 7
CORPORATION
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EF/N 528 A=t =&

IEEE 9 BUS

Bus?
Bus8 Bus9 Bus3
Bus 2

e Sl > Blw A.{.ﬂim.l
6w - 1017 pu i
1025 1027pu | 1033pu 1025
5 Mvar w o . w o
1
[} v n
BusS 1.000 pu 100MW  Bus6 1.012pu
35 Mvar
s 0 L |
125 MW - [ .
SOMvar '] !
Bus 4 - 1025 pu S0 MW
! 30 Mvar
st
Busl  ——a——— 1040 pu
[ |

72MW
28 Myar

85 MW

11 Mvar

Line
(F-T)

45

4-6

5-7

7-8

8-9
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IEEE 9 Bus AlZ2¢2ll0]&@ 23t Hlw (24)
Values
BUS Meter PSCAD PSCAD E-tran Matlab Matlab PSS/E Power
Bergeron Pl Pl Continu. Discrete -world
Vpu 1.041 1.039 1.040 1.040 1.040 1.040 1.040
1 Vdeg 0.023 -0.030 0.000 0.000 -0.541 0.000 0.000
Pe [MW] 71522 71775 71.631 68.620 72.190 71.627 71.630
Qe [Mvar] 27.612 28.061 27.910 24.380 26.800 27.914 27.910
Vpu 1.027 1.025 1026 1.025 1.025 1.025 1.025
2 Vdeg 9.326 9.330 9.349 9.173 8.632 9.350 9.350
Pe [MW] 163.224 163.037 162.998 163.000 163.000 163.000 163.000
Qe [Mvar] 4537 5077 4899 6.690 6.687 4.903 4.900
Vpu 1.026 1.025 1.025 1.025 1.025 1.025 1.025
3 Vdeg 5117 5115 5141 4558 4.017 5.141 5.140
Pe [MW] 85.124 85.042 84.998 85.000 85.000 85.000 85.000
Qe [Mvar] -11.698 -11.332 -11.451 -10.780 -10.790 -11.448 -11.450
IEEE 9 Bus AIEdll01& 22t Hl W (M)
Values
Meter PSCAD PSCAD E-tran Matlab Matlab PSS/E Power
Bergeron Pl PI Cont. Discrete -world
Vpu 1.026 1.024 1.025 1.026 1.026 1.025 1.025
Vdeg -2.184 -2.256 -2.218 -2.226 -2.768 -2.217 -2.220
Pe [MW] 43.218 43376  43.290 41.120 41.130 43.300 43.290
Qe [Mvar] 23.342 23517 23447 22.650 22.650 23.500 23.450
Pe [MW] 28.304 28.399 28.341 30.850 30.850 28.300  28.340
Qe [Mvar] 1.147 1.375 1.315 0.795 0.794 1.300 1.320
Vpu 1.001 0.998 0.999 0.996 0.996 0.999 0.999
Vdeg -3.637 -3.724 -3.681 -4.002 -4.543 -3.680 -3.680
Pe [MW] -82.134 -81.981 -81.991 -84.130 -84.130 -82.000 -81.990
Qe [Mvar] -10.444 -10.407 -10.407 -11.520 -11.520 -10.400 -10.410
Vpu 1.013 1.011 1.012 1.013 1.013 1.012 1.012
Vdeg -3.525 -3.610 -3.567 -3.701 -4.242 -3.566 -3.570
Pe [MW] -61.897 -61.801 -61.804 -59.320 -59.320 -61.800 -61.810
Qe [Mvar] -13.167 -13.057 -13.066 -13.660 -13.660 -13.100 -13.070
Vpu 1.028 1.026 1.027 1.026 1.026 1.026 1.026
Vdeg 3.774 3.765 3.795 3.620 3.079 3.796 3.800
Pe [MW] 78.923 78.882 78.847 76.410 76.410 78.800  78.850
Qe [Mvar] -0.892 -0.704 -0.771 -0.839 -0.841 -0.800 -0.770
Vpu 1.018 1.016 1.017 1.016 1.016 1.017 1.017
Vdeg 1.321 1.300 1.336 0.633 0.092 1.337 1.340
Pe [MW] -21.637 -21.688 -21.656 -24.070 -24.070 -21.700 -21.660
Qe [Mvar] -23.718 -23.620 -23.626 -24.320 -24.320 -23.600 -23.630
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MATLAB Simulink Solver & 2 z:4=
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oded (Dormand-Prince)
o kidy ode3 (Dormand-Prince)

oded (Runge-Kutta)
FELx S ode3 (Bogacki-Shampine)

_ o _ ode2 (Heun)
g A AZHOIMO] O BHRK FE BY

AM=2d0l& 21 X0l & 3 o

Ef A1 Ol AHE |7} =244 ) )
i=Z S ¥E Al SH odelbe (Backward Euler)

Ao 232 HS2 ADI(size), ==2| = ...

i

TR A Q7|7 L A4
—3 iH—’ L Sl e = |

Solver  Apps Preferences

Simulation type: |Continuous

1.
2 EH&I %:' C%ﬂ Phasor domaln VS_ EMT domaln B —————————
3. BE VS ST AIAE D& 20k A3EA L.

4. ApHBIRH L SH(solver) : 0|2 V.S. U= &t & Al continuous V.S. discrete,

Dommel’s algorithm, ARTEMIS solver, state space solution (multiple
Integration rules) method ...

5. A& QA A4 QJUEA (MR, 82, Fot &), d2 L 26t Bt ...

6. =8 Y A4 . =8 2EO AL Iit0IeH & X2l ol 84 ...

7. &EH & OIBIE : OverrurlﬂOt OOIe =JI3t & AEH(EHS), Wl Xl ...
MATLAB @ SDO I,:ueflc.omatically hanale Discrete solver and Advanced tab solver settings of blocks

Phasor
Discrete phasor

4 SIMULINK Electrical Discrete solver |Tustin/Backward Euler (TBE) N
5 ¢ B T ustin/Backward Fuler (TBE) \
e Osoeonenlity e ]
. . . Backward Euler
Slmscupe Start simulation 7 ATETE AT STATES O THIOCE = 9
J

g
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ALAI2F & M= Hl R B
= — o oS X st=ad DA
=
o
CH4 / Target Intel CPU Speedgoat
MATLAB
ohe « MATLAB 2019b 64bit
a3 * MATLAB 2020b 64bit 2019b 64bit 2021b 64bit
Target 2 & NI PXle-8881 Speedgoat Performance
S A Windows 10 Pro 64bit FreeDOS 32bit QNX Neutrino 64bit
« Intel Xeon CPU « Intel Xeon CPU « Intel Core i7 4.2 * Intel Xeon dual
W-2245, 3.9GHz, 8 W-2295, 3.0GHz, ’ CPU E5-2687W v4
he 16.5 h GHz, 4 cores.
HIW AFSE cores. (cache 16. 18 cores. (cache (cache 8 MB) 3.0GHz, 24 cores.
MB) 24.75 MB) « RAM 64GB (cache 30 MB x 2)
« RAM 32GB, * RAM 64GB, DDRA ! + RAM 64GB,
DDR4-2666 DDR4-2666 DDR4
Node Type Status, time [us] Status, time [us] Status, time [us] Status, time [us]
model
Gengralor Load Normal 3GFault Normal 3GFault Normal 3GFault Normal 3GFault
EEE v pqz |'20""""30'"'""2'5"'"""3’0"": 10 10 15 20 ':
S zip 140 50 45 50 & 20 20 25 5
IEEE Vv paz 1 §20 30 25 35 E 10 20 15 20 I
e zip iy 50 45 50 = 10 20 20 25 ]
l: :
|EEE vV pgz I ;30 110 25 95 E 10 40 15 45 I
14 Bus source zip — g e U )y -y e —
IEEE v paz 20 300 25 430 10 180 20 230
39 Bus source zip 290 650 380 900 250 1400 300 2200
-SY IO AAIZE AI2H0IE Z 3t (Overrun &01)
_AME2| X I_A jl
S5=2 U

& AAIZEAIZH0IA AlA

ePHASORsIm

hooms eMEGASIm HYPERSIM
MATLAB

) . HYPERSIM

2015b 32bit 2020b 64bit 2020.2.0.07

RT-LAB v2022.1 RT-LAB v2022.1

Opal-RT OP5707 (2x8 Cores, 3.2 GHz)

Red Hat Enterprise Linux Server release 5.2 (Tikanga) 32bit

« Intel Xeon CPU E5-2667 v3 @ 3.20GHz (8 cores) x 2EA, Total 16
cores. (cache 20 MB x 2)
« ECC RAM 32GB, (Kingston 8GB DDR4-2133MHz RegECC x 4EA)

Status, time [us] Status, time [us] Status, time [us]

MATLAB EXPO

XHl AlE Z 1

MathWorks Opal-RT RTDS

RTDS

RSCAD® FX

NovaCor

« IBM POWER8™
3.5 GHz

* (per core) 64/32
KB L1,

512 KB L2,

8 MB L3 cache

Status, time [us]

Normal 3GFault Normal 3GFault Normal 3GFault Normal 3GFault
N/A N/A 10 10 10 10 50 50
100 100 20 20 10 10 50 50
N/A N/A 10 20 10 10 50 50
110 110 20 20 10 10 50 50
N/A N/A 10 40 10 10 50 50
190 190 40 60 20 20 T50G)TTTTTROE)
N/A N/A 10 160 15 15 50(3) 50(3)
310 320 1000 1100 25 30 T 50(4) 50(4)

: 50[us]=20 [kHz] ¥ 100[us]=10 [kHz] (60Hz x 32=1,920Hz — 520us, 60Hzx64=3,840Hz — 260us)

10
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AAIZE AI2HI01E A [1/2]

AAIZE A 0lE AAE A= — , . ,-
1 ALAI2F AIE2YI0|& ol T} e e e
< MathWorks Speedgoat BIL a| o . ‘ — 'EEEI_LEIIIIIE
% OPAL-RT R |l ——— IS T i B

OPAL-RT

% ePHAOSRsImM R (2 A2t EP2

+» eMEGAsim —————— W A g —
‘ = o W | RTDS

< HyperSIM = AR\ .

I ”“‘ : [ h - \

i A==E |
o [ —— p | [

Loour N

X RTDS(N OvaCor) j Speedgat RT

(SLRTZ E=21) g

11
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:

A2 016 A [2/2]

A== Ol; S @) E_I _.”OlJ\ % B S H A gt ==
MathWorks Opal-RT RTDS
=& gE= AP NI Speedgoat ePHASORsIim eMEGASsIm HYPERSIM RSCAD
= 16 32 32 64
A gral - - Optical Optical
g
=25 5% 1 MSPS 10 MSPS 10 MSPS 1 MSPS
21 He 2-5Vdc 2-5Vdc 4-50Vdc 5-24Vdc
BPNE!
= 16 32 32 64
A gral - - Galvanic Optical
=24
="
=25 5% 1 MSPS 10 MSPS 40 MSPS 1 MSPS
=2 89 2-5Vdc 3.3/5.0vVdc 5-30Vdc 5-30Vdc
Mg 16 16 16 12
ofl & & [bit] 16 16 16 16
g
HE2s 5% 1 MSPS 5 MSPS 500 KSPS 166.666 KSPS
21 He +5V, £10V +10V, £20V +20V, £40V, £60V, £80V, £100V, £120V +10Vpeak
orgz
= 8 16 16 16
ofl & & [bit] 16 16 16 16
£
25 55 1 MSPS 1 MSPS 1 MSPS 1 MSPS
B +10V +10V +16V +10Vpeak
_ - PXle-6363 10334-325k
(o] A Kb ’
HIL QI & H Ol A &X PX|-6733 ST KT T OP5353, OP5354, OP5340, OP5330 GTIO
OMICRON CMS 356 OP8124, OP8121 CMS 356

|l

OIEHOIA MOHFE 221 o
PHILS CIEHIOl=~ HS/8 7 = 3x300V + 3x64A or 6x32A 150Vac@1mA RMS, 1V@5A RMS

12
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23 AR [1/20]

2 M52 & ol0|E2l= Al=dI01& (1/14)
c:>|

1. J|l=g —_r1
o AAIZEAIESHO0E & A4
E*._"(BUS) 2,060 = P(Load) 1,382
MZ (Line) 2,675  ZE&7|(Shunt) 607
2™ 7| (Gen. Unit) 429 H 7| (2W/3W) 370/342

< & AIZFhybrid AlI2I0l8 =& F24

28 (model) H4=(node) 22 (model) 7= (node)

2 M (Bus) 2355 E 35} (Load) 1,210
MZE(Line) 2498 ZA7|(Shunt) 606
X4 7| (Gen. Unit) 267 HT|2wW/3W) 1,349

¥ Gen. Unit : Generator, Exciter, Turbine-Governor, PSS 22 Z3t=El Combination model

13
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U2 & 0
1. PDT/TSA & AIZH A

[2/20]

c4d OF Ol
o=
A

01221 AIZEI01A (2/14)

E=¥=

g o

Ol& Z 1} : PSS/E V.S. ePHASORSImM

SEPLL ARBE DA F

Parallel Deskto Vindo
Bt B9 ™ $rf T @ Cument Folder F#{OPAL-RT Workspace]#RT-LAB v11.0.5.499wphasor_KERI_ePH_2018#modelswphasor KERLePH 2018 v ([
| How to Add (2] What's New
fohasor_KERI_ePH_2018 el
S ey Edit View Simulation Format Tools HeTp — ————————————— I —
/ FdE - [lo [Normal N BEBRSe
5 Vmag
g .
" PSS/E : Vmag
E Fault
Step
Logical
OfseqHigh Operator Vang
Vang
Step1
5.1 [sec] Low Solver
© @ m @ w © I 1
, y 136% oded
BU!UIU_! EPHASOR_THREADS variable is not set, defaulting to |
3 it.opal
H Jrc:;l EPHASOR_THREADS variable is not set, defaulting to 1
| e xls Reading PSS/e raw file
| PSS/E * Va ng % Read bus data. Limited to 100000 buses.
: Is % Read load data. Limited to 100000 loads.
old.xds % Read fixed shunt data. Limited to 100000 fixed shunts
% Read generator data, Limited to 100000 generators
% Read line data. Limited to 100000 lines.
g % Read transformer data. Note that CM, CZ and CW must be 1
% Read switched shunt data. Note that Control Mode must be Locked. Li
% Read dynamic data
% Read pins
Elapsed time is 7.286986 seconds.
T g i Writing opal files
// T Elapsed time is 10.046396 seconds.
¥ Select 3 file to view details EPHASOR_THREADS variable is not set, defaulting to 1
EPHASOR_THREADS variable is not set, defaulting to 1
1 ] EPHASOR_THREADS variable is not set, defaulting to 1
- fx >
“w % w w W o 0 = w ™

MATLAB EXPO
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1.

PDT/TSA

O
AAIZEAIZ20lE 21 : Vi [pu]
1'2__ Vi, (Phasor domain), Sampling rate = 10 [msec] 1.0
1.0 T T
ePHASORsim |
5 el (Phasor domain) ]
£ o]
0.2 ]
00- ]
R R R
15| VH(EMT domain), Sampling rate = 50 [usec] 154
1.0 4
eMEGAsim |
- (EMT domain) _ |
:J’:i -0.5
10
45

Time [sec]

&2 M2 2 610122l AMl=dI014& (3/14)
A

— L
T T T T T T T T T 1
50 51 52 53 54 55
T T T T T T T T T 1
5.0 5.1 52 5.3 54 55
Time [sec]

MATLAB EXPO

15



2 &
PDT/TSA

70

1.

Angle [deq]

60—.
50—.
40—.
30—.

20 4

0

-10 -

-20

10

of gl
o =<
&AL

W o

|1E2|lE Al=dI01& (4/14)
dl Ol & Z 1t : Angle [deg.]

——bus_1020/Vang
——hbus_1300/Vang
——bus_2700/Vang
——bus_3900/Vang
——hbus_4900/Vang
——bus_5700/Vang
——bus_5100/Vang
——bus_7290/Vang
——hbus_8525/Vang
——bus_10400/Vang

0

10

15
Time [sec]

——bus_50880/Vang
T I T

25 30

ePHASORsim A|=2i| 0| A1}

Angle [deg]

PSS/E Al=5|0]8 21t

70 -
60 -
50 ~
40 -
30 -
1 AVEN
1 —ANGL 1020
10 4 ——ANGL 1200
——ANGL 2700
1 —ANGL 3800
0 —ANGL 4900
——ANGL 5700
4 —ANGL 6100
_10 _ —ANGL 7290
——ANGL 8525
1 ¥ ——ANGL 10400
— ANGL 50880
-20 T T I T I T T T -
0 5 10 15 20 25 30
Time [sec]

MATLAB EXPO

16



Voltage [PU]

Voltage [PU]

MATLAB EXPO

@2 832 2 Gl0|E2E AlZd0l& (5/14)
1. PDTITSA &£ AlZF Al=d| 014 & 1t : Voltage [pu]
1.2
1.0 g B
0.8 S
0.6 1
bus_1020/Vmag
0.4 S bus_1300/Vmag
bus_2700//mag
bus_3900/Vmag
bus_4900/Vmag
0.2 - P 61001V mag
bus_7280/Nmag
bus_8525Nmag
bus_10400//mag
0.0 . : . : . : . blus_SUEQI[}Nmag
0 5 10 15 20 25 30

Time [sec]

ePHASORsim A|=2{| 0| A1}

1.2 S
)
0.8
0.6 4
——VOLT 1020
04 4 ——VOLT 1300
) ——VOLT 2700
——VOLT 3900
——VOLT 4900
——VOLT 5700
0.2 1 ——VOLT 6100
——VOLT 7290
——VOLT 8525
——VOLT 10400
——VOLT 50890
0.0 T I T T T I T T T r
0 5 10 15 20 25 30

Time [sec]
PSS/E AlZ2i|0] 8 Z 1t

17



23 AL [6/20]

HRe &2y g

1.

Hybrid & Al 2F

*

A

ot0lE2|= Al=d|0l& (6/14)

|2d|0l& CASE 1

% BH-23tHZ : radial
» Fault 1 : Phasor domain : BUS 3GFault 15.0~15.2 [sec]

»  Fault 2 : Phasor domain : three-phase-to-ground 20.0~20.1 [sec]
% Fault 3: EMT domain : Three-phase-to-ground, 25+1/60~25+12/60 [sec]

Scopei

Scope3

< 144.3 I
57.0
Fault 2 Line gt imy
10890 f A ———afai v Az
=8 $144.3 1443 ) L. :
¢ 57.0 , 57.0 W B2, 1[— —-—D— =
:1]80643 b A ———afc1 2 -J—
P h a SO r_ Fault 1 SSN Interface Block (3ph)
(Positive seq.) EMT
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A2 &2 2 5H01EelE AIZd01& (7/14)
1. Hybrid 2 Al2F AIE2|01& CASE 1

< ePHASORsim(Phasor domain) : 8 &, &%
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SE (L)L L &B 8 &
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Fault 2 : Line Fault (Phasor)
Fault 3 : Load Line Fault (EMT)
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el 82 2 61022 E AlIZ2dI014E (8/14)

1. Hybrid 2 AlZ2F Al=2ll0l & CASE 1

% eMEGAsIm(EMT domain) : 82, 8=
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5

Fault ZtEALS (A ZH=A)
Fault 1 : BUS Fault (Phasor)
Fault 2 : Line Fault (Phasor)
Fault 3 : Load Line Fault (EMT)
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82 M52 2 5H0IEelE AIZdI01& (9/14)
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2 M50 2 5l0IE2IE AlEdI01& (10/14)
1. Hybrid & Al2F A|=d|0|& CASE 2
2816 F 18| DHEMT 222 1A
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A2 d=22 2 510182 E Al2d01& (11/14)
1. Hybrid & AlZ2F A|Zd|0]& CASE 2
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2 82 2 61022 AlIZdI01E (12/14)
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5L01E2IS AI23I0I& (14/14)
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PDT/TSA > EMT 2&

MATLAB BXIPPO

<AL Z2OIAE HERKTD 74 =& AA3E>
BUS = 2175

Load = 1689
Fixed Shunt = 375
Generator = 503
Line = 2879
2-W Trans. = 415
3-W Trans. = 397
Switched Shunt = 712
[Total nodes = 9,145]
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PDT/TSA > EMT 2¢! 3t (6/6)

gravity_02_Nov_2022_18_08_16 -

<H+2 218 AEd0lE 2
BUS = 2175

Load = 1689
Fixed Shunt = 375
Generator = 503
Line = 2879

2-W Trans. = 415
3-W Trans. = 397
Switched Shunt = 712 %’
[Total nodes = 9,145]

2
=l
Ho
H
A=
Pl
Je
09
nx
=
R
=
1]
&

Ol gg 24 32




MATLAB EXPO
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