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Lecture 2
Define units: MVA = 1000kW MW := MVA pu =1
kVA = kW kVAR := kW

1. Entering Phasors in Polar Notation in Mathcad 15

Step 1: Go to: "Help Menu" -- "Quick Sheets"

Step 2: Choose "Extra Math Symbols" from the list

Step 3: Scroll down the page and copy the angle symbol to your Mathcad sheet and use it to define a function as shown
below defining the complex phasor in terms of magnitude and angle, where the arguments of the function are
the magnitude and angle for a complex number

Z(magnitude, angle) := magnitude-cos(angle) + j-magnitude-sin(angle)

Step 4: When you want to use this new function to enter a phasor, start typing your expression, before entering the phasor
itself, go to the Evaluation Toolbar and select to enter your information as an infix number (select "xfy" from the
evaluation toolbar. This will allow you to enter your function in the order you normally use for entering phasors,
instead of the normal Mathcad order. You should see three placeholders in your Mathcad sheet

- Enter the magnitude of the phasor in the first placeholder
- Copy the angle symbol into the middle one
- Enter the angle of the phasor in the third placeholder

Va:=1 Z (45deg) V, =0.707 + 0.7071

- Alot of people find it easiest to enter this once and then just copy it into other sheets.
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2. The "a" operator for three phase systems

a:=1 2 (120deg) a = —0.5+0.8661
a> = —0.5 — 0.866i a=-0.5—0.866i
a3 =1

1+a+a2=0

1—a=15-0866i J3 £ (=30deg) = 1.5 — 0.866i

I —a’ = 1.5+ 0.866i 3 £ (30deg) = 1.5 + 0.866i
a—1=-15+0.866i J3 £ (150deg) = —1.5 + 0.866i
a>—1=-1.5-0.866i J3 £ (~150deg) = 1.5 — 0.866i
a>—a=—1.732i J3 Z (-90deg) = ~1.732i
alra=-1 1 £ (180deg) = 1

e Normal balanced three phase set:

Vag =1 £ (0deg)
Vg =1 £ (-120deg) Vgg = —0.5 — 0.866i1

Veg = 1 Z (120deg) Vg = =0.5 + 0.866i
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1 1
1
. 1 2 | _ . e
VaBc = VaG| a Vagpc =| —0.5 - 0.8661 |VABC| .
a —-0.5 + 0.8661 |

3. Some matrix operations

Expanding a matrix: If you have a 3x3 matrix and want to add a row and column while at the stage of entering the matrix

initially, make the cell where you want to add rows and columns the active cell

Select the add matrix/vector tool from the Matrix tool bar (or type CTRL-M) and enter the number of rows and columns you
want to add (note you can add 0 rows and 1 (or more) column or vice versa. The selected number of rows appears below the

active cell and the selected number of columns appears to the right of the cell.

1 2 31

1 3 2 2
Al =

4 5 6 3

555 54 4

Use the submatrix command if you want to pull out part of a matrix

Pay attention to the setting for the internal ORIGIN variable (or reassign it if you prefer).

ORIGIN =1 B = submatriX(Al ,1,3,1 52)

B
arg(VABC) =|-120 -deg
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Per Unit Example: Sketch a per unit impedance diagram for the system shown below. Use a 100M VA impedance
base, and the generator 1 rated voltage as your reference voltage base. Use pi models for the lines.

BUS 1 BUS 2

O1=3EH

G1 T1

Line 1

Load

e GI1:50MVA, 13.8kV
- (G2:20MVA, 14.4kV
e TI:40MVA,A-Y, 13.2:161kV, X =10%
e T2:25MVA,Y-A, 161kV:13.2kV, X =10%

Define Base Quantities: Section I (left of T1)
Sp := 100MVA Vg = 13.8kV
2
7 _ Vi
B1 - Sp
S
Ip) =

VERYY

BUS 3

BUS4 BUSS

EEFO

Line 2
T2 G2

e Load: 4SMVA, 0.8pf lagging (Y connected, parallel impedances)
e Line 1: 100 mile,Z=0.28 +j0.73 ohm/mi, Y = 5.9*10° mho/mi
e Line 2: 75mile,Z=0.28 +j0.73 ohm/mi, Y =5.9*10° mho/mi

Line to line voltage
Zg1 = 1.904Q2

Ig; = 4183.698A
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Section II (between T1 and T2) Section II (right of T2)
161kV 13.2kV
VB2 = Vpr- Vpy = 168.318-kV VB3 = Vpy Vg3 = 13.8:kV
B2 Bl (13'21(\/) B2 B3 B2 ( 161ij B3
2 2
\'%%:%) VB3
ZBZ = ZBZ = 283.31Q ZB3 = ZB3 = 1.904()
SB SB
SB
Sg Ips = Ig3 = 4183.698 A
IB2 = IB2 = 343.011A 3'VB3

V3V

Transmission Line Models:

Line 1: Lengthl := 100mi

h
Ziinel = {(0.28 4+-0.73) 222 r,n}-Lengthl Ziinel = (28 + 73i)-ohm
mi

: — 6 mh
Yiinetr :=J-5.9-10
mi

Line 1is in section II, so use Zbase2

Zlinel

Zlinel u :
p Z
B2

Note that Ybase is 1/Zbase:

Ylinelpu ‘= Ylinel'ZB2 Ylinelpu = 0.167i-pu

—‘O-Lengthl Yiinel = 5.9ix 10 4 mho

Ziinetpu = (0.099 + 0.258i)-pu

Ylinel _
el 2.95ix 10~ *mho
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We actually need Y/2 for the pi model:

Ylinel pu
2

Ylinelpi == Ylinelpi = 0.084i-pu

Line 2:

length2 := 75mi

h
Ziined = {(0.28 4+-0.73) 222 ﬂ-lengthz Ziines = (21 + 54.75i)-ohm
mi

h _ Yline2
6216ngth2 Yhnez =44251%x 10 4mh0 1ne

mi

Yiines = §-5.9-107 — 2.212ix 10~ *mho

Line 2 is also in section II, so use Zbase2

Ziine2 .
Ziine2pu = Z— Zjine2pu = (0.074 + 0.1931)-pu
B2
YlineZpu ‘= Yline2'ZB2 YlineZpu = 0.1251-pu

We actually need Y/2 for the pi model:

YlineZpu
2

Yline2pi = Yiine2pi = 0.0627i-pu

Transformer Model Calculations

Transformer 1:

St1 := 40MVA VTiLow := 13.2kV VTihi = 161kV XT1 = 0.10pu
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Impedance change of base calculation

VTiL 2 S
ow
XTinew = XT1° : XTlnew = 0.229-pu
Va1 St1
Transformer 2:
Stp := 25MVA V1oLow := 13.2kV V1ohi = 161kV X12 = 0.10pu

Impedance change of base calculation

V1L 2 S
oW
XTonew = X12° : XT2new = 0.366-pu
VB3 St2

Load Model

magS|oad = 45SMVA pfload := 0.8 lagging Vioadrated := 161kV ®load = acos(pfload)

q)load = 36.87'deg
J-Pload .
Sload := MagSjgad-€ Sioad = (36 + 271)-MVA

Since the load is wye connected with parallel impedances:

( |Vloadrated| )2
Re( Sload)

( | vloadrated| ) 2

R = 720.028 2 X =
load load Im ( Sload)

Xioad = 960.0372

Rioad =

As a check:

-1

1 1

Zequivioad = + - |Zequivload| = 576.02252 a-rg(zequivload) = 36.87-deg
Rioad  J-Xload
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Zequivioad = (460.818 + 345.6130) 2

( |Vloadrated| )2

Scheck = Scheck = (36 +271)-MVA note complex conjugate in equation

Zequivload

Convert to per unit (load in section II):

Xload
Rioad __ “*loa B '
Zoa Rloadpu = 2541pu Xloadpu D ZB2 X]oadpu = 3389 pu
B2

Rigadpu =

Per Unit Equivalent Circuit:

J0.229pu 0.099+; 0.258 pu 0.074+30.193 pu j0.366pu

AR
Transformerl NV\,_{YYY\ —. . Transformer2
() Line 1 2 t}’ Line 2
A A4 o L
Eal T vog0084p T T L5z Prsjooer puT Egp

Generatorl Generator2




