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1. OVERVIEW

This section provides additional details on three-phase voltage source 1 implemented in PSCAD/EMTDC.

1.1. Source impedance

The user can specify the positive sequence source impedance and the zero sequence source impedance
in source 1.

1.1.1. Positive sequence source impedance

The positive sequence source impedance (Figure 1) can be represented as follows,

R: Purely resistive

L: Purely inductive

R//L: Parallel RL

R-R//L: Parallel RL in series with a resistance

I—{RL—(S)RRU-

Figure 1: Source 1 Positive Sequence Impedance Highlighted

The positive sequence source impedance can be entered either as the physical values (Ohm / H) or as
the impedance value (Magnitude/Angle).

R//Limpedance format

When the source impedance is selected as R//L in impedance format (Z4£60), the source physical
quantities, i.e. L1 and R1 as shown in Figure 2, are calculated based on the impedance magnitude (Z) and
its phase angle (8) as shown in (1) to (3) and described in detail in Appendix A.

rom = ol

Figure 2: Impedance Value R//L Conversion
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Ry jwly (2)
Z/0=R,//L =——
O=R//Ls R, +jwl,
Z
Ly =————= @)
w - sin(8)
Z
R — 3)
cos(0)

R-R//L impedance format

When the source impedance is selected as R-R//L in impedance format (Z40), the source physical
quantities, i.e. R1, L1 and R2 as shown in Figure 3, are calculated based on the impedance magnitude (Z),
its phase angle (0), and the harmonic number (n) as shown in (4) to (14).

Impedances Angle = L1
© at n-th Harmonic mwv_
e = (5
R1 R2

Figure 3: Impedance Value R-R//L Conversion

Zw=&+&ﬁh=&+§£% (4)
Var, = Z - sin(0) (5)

Var, = \[Var; ‘n-(1—n) (6)
Vars = Vary -tan(0) - (1 — n?) (7)
3 (8)

JVar,-(n—1)

Varg = J Var32 —4-Var,-Var,

Var4_ ==

—Vars — Var, (10)
Varg = ————
e 2-Var,
Vars —Var; (11)
If Varg < 0,thenVarg = ——————
fVarg < enVarg 2 Var,
_ Varg® + Z-sin(0) (12)

1
w
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o _op . | Zsin(®) (13)
1= @0 wL, — Z - sin(0)
_n AL (14)
L R tan(e) (oL 77) .

1+ (le -%)2

The harmonic number (n) of the frequency is defined as, where the phase angle of the impedance at
that frequency is the same as that at the fundamental. Figure 4 illustrates the positive sequence
impedance of the source where the harmonic number is set to three times of the fundamental
frequency.

-
gl Three Phase Voltage Source Model 1 |£ Positive sequence Harmonic phase angle Scan

Positive Sequence Impedance - a2
5. A =
ELHEHIaew a

4 General
Positive Seq. Impedance 1 [ohm]
Positive Seq. Impedance Phase angle 30 [deg]
Harm. # where phase is same as fundamental 3

Impedance Angle (Degree)
@

General 75

[ ok ] [ Cancel ] 05 1 15 2 25 3 35 4 45 5

Harmonic Order

Figure 4: Positive Sequence Impedance Configurations and The Frequency scan Results
1.1.2. Zero sequence source impedance
The zero sequence source impedance (Figure 5) can be entered as parallel RL (R//L) or series RL (R-L).

The zero sequence source impedance can be entered either as the physical values (Ohm / H) or as the
impedance value (Magnitude/Angle).

I RL—(SRRU-

Figure 5: Source 1 Zero Sequence Impedance Highlighted
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Three-phase Voltage Source 1 Component

1.2. Voltage Source

There are three source control options available for selection, fixed, external, and auto mode as shown
in Figure 6.

all Three Phase Voltage Source Model 1 [ = ]

Configuration -

EHEFIeW

Source Name Sourcel
source Impedance Type: RjL
Fixed -

Base MVA (3-phase)

Baze Voltage (L-L, RMS) External
Base Frequency Auto
Voltage Input Time Constant woser

Figure 6: Source Control Options

1.2.1. Fixed control option

In fixed control option, the two different data formats can be selected to specify the source behind the
impedance. This is controlled directly by the Specified Parameters input with options as shown in Figure

. 5
WC Three Phase Voltage Source Model 1 EN
Configuration -
EHEFESew

Source Name Sourcel

Source Impedance Type: RjL

Source Caontrol: Fixed

Base MVA (3-phase) 100.0 [MVA]

Base Voltage {L-L, RMS) 230.0 [kV]

Base Frequency 60,0 [Hz]

Voltage Input Time Constant 0,05 [s]

Zero Seq. differs from Positive Seg.? |No

Impedance Data Format: Impedance

External Phase Input Unit Radians

Graphics Display Single line view
Behind the Source Impedance -
At the Terminal

Figure 7: Specified Parameters
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i i

4l Three Phase Voltage Source Mod... SRS a0l Three Phase Voltage Source Mod... SRS

Source Values for Fixed Control - Source Values for Fixed Control -
== o =5 s

T Sew il FIew
Vaoltage Maanitude (L-L, RMS) | 230.0 [kv] Voltage Maanitude (L-L, RMS) | 230.0 [kV]
Frequency &0.0 [Hz] Frequency &0.0 [Hz]
Phase 10 [deq] Phase 10 [deq]
Initial Real Power 0.8 [pu] Initial Real Power 0.8 [pu]
Initial Reactive Power 0.1 [pu] Initial Reactive Power 0.1 [pu]
Figure 8: Behind the Source Impedance Figure 9: At the Terminal

Elo
== V[
—O)—ze—=—+~

Figure 10: Equivalent Source and Impedance

Behind Source Impedance: When this option is selected, the source parameters are directly entered as
frequency (f), voltage of the source behind the impedance (E) and the angle of the source behind the
impedance (¢) as shown in Figure 8 and Figure 10. The source impedance (Z and 8) are derived from
the source impedance specified by the user.

At the Terminal: When this option is selected, the terminal parameters are entered directly (i.e.
frequency (f), terminal voltage (V), terminal phase angle (8), terminal output active (P) and reactive (Q)
power) as shown in Figure 9 and Figure 10. These quantities were used to determine the voltage
magnitude (E) and phase angle (¢) behind the impedance and the angle of the source behind the
impedance (15) and (16). The derivation details are depicted in Appendix B.

USRI [ L5 S50 v
¢=346+60—tan PVZ—
+7-cos(9)

; (16)

2

(P+Y cos(9)>2 (0+%+sm®)

+
E = v
Z
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1.2.2. External control option

In external control option, the voltage magnitude, frequency and the phase values of the source behind
the impedance can be controlled externally as shown in Figure 11. The external values can be controlled
manually by connecting a slider, or automatically through a control system output for dynamic
adjustment. Table 1 summarized the external input signals unit.

LV LF [ph
I RLF—(SRRU-

Figure 11: Voltage Source External Control

Table 1: External Input Signals Unit

Magnitude kV, Line to Line, RMS
Frequency Hz
Phase Angle Degrees or radians

1.2.3. Automatic control option

In the automatic voltage and power control option, the voltage magnitude can be adjusted
automatically to regulate the voltage at a selected bus and/or adjust the source phase angle internally
to regulate the real power leaving the source. Figure 12 shows how the source is connected to allow
automatic voltage control.

Figure 12: Automatic Voltage and Power Control
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Figure 13 demonstrates the voltage control block diagram where T1 is the controller time constant and
T2 is the measurement time constant as highlighted in Figure 14. VA, VB and VC are the instantaneous
line to ground voltage (kV) measured at a selected bus.

Figure 15 demonstrates the power control block diagram where T1 is the controller time constant and
T2 is the measurement time constant as highlighted in Figure 16. VA, VB and VC are the instantaneous

line to ground voltage (kV) measured at voltage source terminal; IA, IB and IC are the instantaneous

current (kA) measured leaving the terminal.

RMS L-Lvoltage

Remote Bus Base Voltage
Source Base Voltage

3-v2

w
——= (max(Va, Vg, Ve) — min(Va, Vs, Vo)) |—»

Source Voltage
(kV)

Smoothing
function
1 1

—_ —_—

1+ ST, ST,
Remote Bus
Base Voltage

Voltage Set Point
(r.U)

Figure 13: Automatic Voltage Control Configurations

o) Three Phase Valtage Source Model 1 @

[Automatic Vaoltage Contral

RN )

Enable Automatic Voltage Contral? Yes
Desired Bus\Voltage 1.0[pu]
Measurement Voltage Base (L-L, RMS) 230 [k]
Measurement Time Constant 0,02 [5]
Controller Time Constant 0.05 [s]

Figure 14: Voltage Control Block Diagram
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1
Base MVA
Smoothing
Instantaneous power function
1 1 Source Phase
VA.IA+VB.IB+VC.IC e > (Radians)
1+ ST, ST,

i

Power Set Point
(P.U.)

Figure 15: Automatic Power Control Configurations

ol Three Phase Woltage Source Model 1 @
[Automatic Power Contral hd
= o
A==
4 General
Enable Automatic Power Control? Yes
Desired Real Power Out 0.5 [pu]
Measurement Time Constant 0.02 [s]
Controller Time Constant 0.05 [s]

Figure 16: Power Control Block Diagram
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2. PSCAD/EMTDC EXAMPLE DESCRIPTION

2.1. Example 1:

The objective of this example is to demonstrate how to specify the source impedance and voltage
source parameters under fixed control mode. Circuitry 1 shows the different impedance format
available in source 1 to specify the source impedance. Circuitry 2 shows that the source parameters can
be entered directly or can be specified based on entered terminal conditions.

2.1.1. Circuitry 1: Impedance Format

The positive sequence source impedance can be entered as physical values (Ohm and H) or impedance
value (Magnitude and Angle). Both sources have a positive sequence impedance of 10 ohms with an
angle of 80°. Circuit 1a is specified by impedance magnitude and angle. Circuit 1b is specified by R and L
physical values. Circuit 1c consists of an ideal voltage source and an R//L circuit. The physical values of
the ideal source and the R//L circuit are configured as per (1)-(3) as shown in Figure 17. A permanent
fault was applied at the source terminals at 0.5 seconds with fault impedance of 0.1 ohm, and the
currents (113, I11b & 11c) are measured at the source terminals. As depicted in Figure 18, all circuits show
identical results.

QI S
> Timed

¥
4

Fault
ABC->G Logic
1a: Source Impedance is in =
Impedance Format
Wag/Angle) R=0

'Ilf Ilc

57.5877 [ohm]

4 Timed
Fault

Iib - i
| e 0.026935 [H] ABC->G Logic
L =
> !k Timed
Fault
ABC->G Logic
1b: Source Impedance is in = 1c Equivalent Cirauit of 1a

Rf/L Format (Ohm and H) and 1b
O

Figure 17: Example 1 Impedance Format Circuit
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O1lla |® 11b o I1c | -
10.00 A— v
ool A
o WENAWAN
= ool VLYY
' Vi VIV [V
-30.00 [~

seC  0.480 0.500 0.520 0.540 0.560 0.580

Figure 18: Fault Current of Source 1 with Different Impedance Format

2.1.2. Circuitry 2: Voltage Source in Fixed Control Mode

For fixed control mode, the source parameters can be directly entered as frequency (f), the voltage of
the source behind the impedance (E) and the angle of the source behind the impedance (Circuit 2.1).
The source parameters can also be specified by entering the terminal parameters (i.e. frequency (f),
terminal voltage (V), terminal phase angle, active (P) and reactive (Q) power terminal output) (Circuit
2.2). The sources in circuit 2.1 have the source parameters directly entered (shown in Figure 19); the
source parameters for circuit 2.2 are specified by the terminal condition of the sources (shown in Figure
20). The faults are applied at the receiving end at 1 second for the duration of 100 milliseconds with
fault impedance of 0.1 ohm. The active, reactive power and the terminal voltages are measured at the
source terminals. As shown in Figure 21, both circuits have the same power flow and fault transient
response although the source parameters are specified in different ways.

-
o Three Phase Voltage Source Model 1 - g f ol Three Phase Voltage Source Model 1 g
Configuration v Source Values for Fixed Control A
M Sew Rl EFSTewS

Source Name Sourcel Voltage Magnitude (L-L, RMS) 230.0 [kV]
Source Impedance Type: R Frequency 60.0 [Hz]
Source Cantral: Fixed Phase 0.0 [deg]
Base MVA (3-phase) 100.0 [MVA] Initial Real Power 0.0 [pu]
Base Voltage (L-L, RMS) 230.0 [kv] Initial Reactive Power 0.0 [pu]
Base Frequency 60,0 [Hz]
Voltage Input Time Constant 0.05 [5]
Zero 5eq. differs from Positive Seq. 7 Mo

i Impedance Data Format: Impedance | i
External Phase Input Unit Radians
Graphics Display Single line view
Specified Parameters Behind the Source Impedance I

Figure 19: circuit 2.1 source parameters
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F F
aCl Three Phase Voltage Source Model 1 o [ ol Three Phase Voltage Source Model 1 v [
Configuration - Source Values for Fixed Control -
A==k N ELEHES PW
Source Name Source 1 Voltage Magnitude (L-L, RMS) 230.0199238 [kv]
Source Impedance Type: RfL Frequency 60.0 [Hz]
Source Control: Fixed Phase 2.107130075 [deg]
Base MVA [3-phase) 100.0 [MvA] Initial Real Power -1.922654452 [pu]
Base Voltage (L-L, RMS) 230.0 [kv] Initial Reactive Power 0.2980373374 [pu]
Base Frequency 60,0 [Hz]
Voltage Input Time Constant 0.05 [5]
Zero Seq. differs from Positive Seq. ? No
Impedance Data Format: Impedance
External Phase Input Unit Radians | il
Graphics Display Single line view b . il
Specified Parameters At the Terminal i | 'I
.

Figure 20: circuit 2.2 source parameters

0 P_21a O p_22a [~ 550,00 12 P21 Cp_22b [~
0.00 1\ ’
-50.00 200.00
£ 10000 \ B
z \ < 150.00 ‘f
-150.00
S
-200.00 100.00
©Q_21a 0Q_22a ©Q_21b 0Q_22b
80.00 600.000 ﬁ.&
. 60.00 \ __400.000
£ £ \
£ 40.00 \ £ 200.000 \
20.00 \ 0.000
©Vrms_21a O Vms_22a © Vrms_21b O Vms_22b
300.000 250.00
200.000 200.00
7 7
£ £ 150.00
> 100.000 =
= < 100.00
0.000 - -
sec g6 1.0 1.4 18 22 sec g6 1.0 1.4 18 22

Figure 21: Receiving end and Sending end Power, Reactive Power, and Terminal Voltage Measurements of
Circuit 2.1 and 2.2
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2.2. Example 2:

The objective of this example is to demonstrate the functionality of the external control mode and

Three-phase Voltage Source 1 Component

automatic voltage and power control mode.

Source 1a in circuitry 1 is in automatic control mode as shown in Figure 23. The control parameters are

shown in Figure 22. Source 1la is regulating the voltage at point of connection (POC, Bus1) based on the
voltage and power set points (V_setPoint and P_setPoint).

Source 2a in circuitry 2 is in external control mode as shown in Figure 24. Circuitry 2 utilizes the control

blocks available in PSCAD/EMTDC and the control block diagram discussed in section 1.2.3 to regulate

the voltage at point of connection (POC, Bus2) and the terminal power output.

Source 1b and 2b are identical and fixed.

-} Three Phase Voltage Source Model 1 |723 | -l Three Phase Voltage Source Model 1 | % ‘
Automatic Voltage Control b Automatic Power Control -
2= 4 jeow =
Bl EEELL.
4 General
Enable Automatic Voltage Control? Yes 4 General
Desired BusVoltage V_setPaint Enable Automatic Power Control? Yes
Measurement Voltage Base {L-L, RMS) 230 [kv] Desired Real Power Out P_setPoint
Measurement Time Constant 0.02[5] Measurement Time Constant 0.02 [s]
Controller Time Constant 0.05 [5] Controller Time Constant 0.1[g]
Figure 22: Automatic voltage and power control Parameters
poC
Vmes
—= —= =
D z 1{)e2 & T HD—r
= L@ L@ TLink! 1 z
Source 1a < e < Source 1b
Busl
Figure 23: Example 2 Circuit 1
E_Measurement
Vaoltage Control nput
Output| pu_ V_setPoint
§_Setpo|nt
1 In
Vin
N Power Contral v
pu_ P_setPoint
g E_Setpmﬂt
¥ poC
v F Ph
e —
T
— D & EEO—
E) L@ TLmlgl_Z 3
=+ Source 2b

G,

Source 23

#1| )52 T
- < E_MeasHT_remeﬂt
Busz2

Figure 24: Example 2 Circuit 2

Page 12



PSCAD

Three-phase Voltage Source 1 Component

The following step changes were applied to compare the performance of both Source 1a and 2a,

e The voltage set point at POC (Busl and Bus 2) was increased by 5% at 3 seconds.
e The voltage set point at POC (Busl1 and Bus 2) was reduced by 5% at 6 seconds.
e The power set point was increased by 30% at 9 seconds.

e The power set point was reduced by 30% at 11 seconds.

The voltage at the POC and the power output of source 1a and 2a are identical despite the selected
approach as illustrated in Figure 25 and Figure 26.

Selected Bus Voltage
O POC_Busl O POC Bus2 =

1.06
G
1.04 4 i

1.02 f

1.00 e-aJ g—s‘ ==

0.98

0.96 U 3
I I T

seC 2.0 40 6.0 80 10.0 12.0 14.0

(Voltage (PU))

Figure 25: Voltage measurements at bus 1 in circuit 1 and bus 2 in circuit 2

Source Termianl Power

o Source1a=Power O Source2a Power =
1.30
@ 1.20
g 1.10
é 1.00 4-5—&'6-5—
0.90 =

se&C 20 40 6.0 8.0 10.0 12.0 14.0

Figure 26: Power measurements at the terminals of source 1a and 2a
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Rijwl,
Ri+jwL,

Multiply the numerator and denominator by the conjugate of the denominator:

Ry " jwlL 1
7,0 = 1 ]. 1_
Ry +jwl, L + 1
Ry jwly
The result can be further simplified as follow:
1 14 o= 1 1
7.0 7 "R, jwl,
VARV |
140 = —+ —
Ry wl
Z 0
R cos(0)
20 0
ol sin(0)
The L1 and R1 can be represented by
P Z
17 cos(8)
L Z
L sin(e)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

Three-phase Voltage Source 1 Component
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APPENDIX B

In PSCAD, the users can directly specify the voltage magnitude (E) and the angle (¢) of the source behind
the impedance. The user can also specify the source by providing the terminal (i.e. frequency (f),
terminal voltage magnitude (V), terminal phase angle (6), terminal output active (P) and reactive (Q)
power). The two methods of specify the source behind an impedance are related as shown in equation
(15) and (16). The derivation of equation (15) and (16) is shown in (24) - (28).

Elo
—()—Tlo 5 =

°q

Figure 27: Equivalent Source and Impedance

*

. Esp—V216 24)
Complex Power Output = P + jQ = VAS-(—) (
7,0
YA Ve -8
0+Yz-6
p—j P—jQ+->2—
Ezg = V—]Q +Vis = — Z (26)
74(—8 -0) 74(—6 -0)
& )2 ( vz )2
2 P+ .
P—jQ+V74—6 \/( + A cosB) +(0Q+ A sin 6 27)
G - V
74(—8—9) 7
2 2
P—jQ+V7L—9 Q+V7-sin9
¢ = angle 7 =8§+0—tan?! —r
74(=6-16) P+ cos® (28)
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