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Powerflow Example

y 111
a = 1.¢) 120de8 pu =1 MVA := 1000kW

A()12 =11 a2 a

laa2

/Z(mag,ang) := mag-cos(ang-deg) + j-mag-sin(ang-deg)

The system shown below has two synchronous generators.
e Line impedances are ona 138kV, I00M VA base

Z,s =j0.35p.u.
B,s = 0.035p.u.

AP

3 Zy5=j035p.u.
B, = 0.035p.u.

AN

GEN 1
GEN 2

P\

1 2 3 4
TRANS 1 TRANS 2 13.8kV

= 13.8kV 200 MVA 200 MVA 200 MVA ,
200MVA 138KV : 138 kv 138 kV : 13.8 kV : ]S3;‘°‘|\1/ﬁil?001;3“5
Zyr1=1.0pu X=0.1 p.u. X =0.1p.u. '
e SetPG2toS0MW
S := 100MVA e Set[V4/to1.0pu

(generator 2 terminal
voltage)
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Set line impedance parameters (set zero sequence line impedances to 3 times the positive sequence values):

7173 :=j-0.05pu Bco3 = 0.005-pu
Z155 :=]-0.35pu Bcos = 0.035-pu
Z135 :=]-0.35pu B.3s = 0.035-pu

Transformer 1 Change of base (zero sequence impedances match positive sequence):

S
X¢11 =01 ———— X¢11 = 0.05-pu Xi10 = X
t11 (2OOMVAJ t11 p t10 t11

Transformer 2 Change of base (zero sequence impedances match positive sequence):

S
Xp1 =01 ———— Xp1 = 0.05-pu Xpo = X
21 (2OOMVAJ 21 p 20 t11

A. Assuming, the load at Bus 5 is 100MW at 0.9 lagging power factor, perform a power flow solution. Use the voltage at
Bus 3 as your angle reference

Options,
(1) Solve the power flow equations for the entire system using Mathcad solve blocks
(2) Use Powerworld or a similar load flow problem (at least to check results)

e Inordertouse V3 as the reference angle, use the angle for V3 from the power flow solution
and shift the slack bus angle such that the new angle at Bus 3 is 0.

(1) Solve Full Powerflow Solution Using MathCAD Solve Block

e Positive sequence Y bus for power flow calculations (ignore phase shifts for the moment):

1 -1
Y1 =+ Yi2 =+
1 Xt1 1 Xt1

e Symmetry assumed
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1 1

1 JBes JBes -1 -1
Y22 = - + + T Yo3 = —— Yo5 = —
3 X1 Zraz Zios 2 2 Z123 Z12s
. . _1 —
1 1 1 B2z JBess Yau = Yag = ——
Y33 1= - * * * * T X B 70
3 X1 Ziaz Ziss 2 2
1 1 1 J-Be2s  J-Bess
Ya4 1= 1 Ys5 := + +( i )
J- X1 Z1ps  Zi3s 2 2
Yiu Yo 0 0 0 : :
201 201 0 0 0
Yo YooV 0 Y
2tz 72 23 20i -42.8371i 20 0 2.8571i
Youspr = | 0 Y23 Y33 Y34 Y3s Yowpr=| 0  20i  —42.8371i 20i 2.8571i
0 0 Y34 Yag O 0 0 200 200 0
0 Y5 Y35 0 Yss 0 2.857li 2.857li 0 -5.6793i
P2:=0 P3:=0 P4 :=0.5pu  P5:=-1.0pu
Q2 = Q3 =0 Q5 := P5-tan(acos(0.9)) Q5 = —0.4843-pu
V1 =1 V4 =1 al =0
e P5and Q5 are negative injections since they represent a load
e Initial guesses
V2 =1 a2 := Odeg

V3:=1 a3 := Odeg
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a4 =0
V5 =1 as5 = Odeg
Given

P2 = V2-V1-Im(Y12)-sin(a2 —al) + V2-V3-Im(Y23)-sin(a2 —a3) + V2-V5-Im(Y25)-sin(a2 — al)

P3 = V3-V4-Im(Y34)-sin(a3 —a4) + V3-V2-Im(Y23)-sin(a3 —a2) + V3-V5-Im(Y35)-sin(a3 — al)

P4 = V4-V3-Im(Y34)-sin(a4 —a3) e Need toaddadditional terms to include
transformer phase shift

P5 = V5.V2.Im(Y5s)-sin(a$ — a2) + V5-V3-Im(Y3s)-sin(a$ — a2)

Q2= —V221m(Y22) — V2.VI-Im(Y 1)-cos(a2 — al) — V2-V3-Im(Y23)-cos(a2 — a3) — V2-V5-Im(Y2s)-cos(a2 — a5)
Q3= —V321m(Y33) - V3-V4-Im(Y34)-cos(a3 —a4) - V3-V2-Im(Y23)-cos(a3 —a2) - V3-V5-Im(Y35)-cos(a3 —al)

Q5 = —V52Im(Y55) — V5-V2-Im(Y2s)-cos(a$ — a2) — V5-V3-Im(Y35)-cos(a$ — a2)

X := Find(V2,a2,V3,a3,a4,V5,a5)

mV2 = Xy mV2 = 0.9819-pu 0, =X, 0, = —1.459-deg
mV3 = X» mV3 = 0.9819-pu 03 = X3 03 = —1.459-deg
mVS5 = X5 mV5 = 0.8687-pu 04 = Xy 04 = 0-deg

05 == Xg 05 = —13.2983-deg
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e Note, that if we include the transformer phase shift, we need to subtract 30 degrees from the voltages at Bus 1 and Bus 4:
01 Lv = al — 30deg 01 Lv = —30-deg
947LV = 94 - 30deg 947LV = —30-deg

e Finally, we need to shift the angle, by subtracting the angle of 05 to each of the bus angles such that angle at Bus 3 =0.

01 p =01 Lv—03 01 p = —28.541-deg
0 p:=67—-03 0 p = 0-deg

03 p =063 —03 03 p = 0-deg

04 p =04 Lv—03 04 p = —28.541-deg
05 p == 05— 03 05 p = —11.8393-deg

e (alculate generator currents (note that you need to account for transformer phase shift)

[ i*61 p i-62 p —j-30deg]
Vi1 — mV2- :
Tgen] = © mv-e (e ) |Tgent| = 0.6216-pu arg(Igen1) = —64.9864-deg

(j-Xu1)

. j'el_p T .
Sgent = V1-€  P-lgen Sgent = (0.5 +0.3692i)-pu

|:V4-ej.64j - mV3-ej.e3j-(e_j'3Odeg)]
(-Xe21)

Igen2 = |Tgenz| = 0.6216-pu arg(Igen2) = —64.9864-deg

j+04_p — .
Sgen2 = V€ P-Igen Sgen2 = (0.5 +0.3692i)-pu
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Powerworld Implementation and Results

e The system was entered into Powerworld, with the system M VA base set to 200M VA
e Slack bus angle (angle of V1) was changed to - 28.538 degrees so Bus 3 would be at 0 degrees after first solution.

BUS1
50 MW =%
37 Mva =
1.00 pu
-28.54 Deg

e Power flow results:
Vgust = 1.0 £ -28.54

VBus2 := 0.9819 £ 0.00
VBus3 = 0.9819 £ 0.00
VBus4 = 1.0 £ -28.54
VBuss := 0.8688 £ —11.84

IATTAY

100 MW
48 Mvar

BUS 5

0.87 pu
-11.84 Deg

BUS 4
S 50 MW
>< 37 Mvar
1.00 pu
0.98 pu 0.98 pu 5854 D
- . @
0.00 Deg 0.00 Deg
Earlier we had
Vi =1 01 p = —28.541-deg
mV2 = 0.9819 0 p = 0-deg
mV3 = 0.9819 03 = 0-deg
va=1 04 p = —28.541-deg
mV5 = 0.8687

05 , = —11.8393-deg

e The results match, so the
currents will match
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Y,,.s With phase shifts included: 1. )30deg
Y11 - 0 0 0
J-Xt11
_l_ej'30deg 1 1
—_— Y2 — 0 —
1 X411 7123 7175
_ 1. j-30deg _
Y 1Bus = 0 L Y33 ! 'ej !
7123 1 X1 7135
_l.e—j-SOdeg
0 0 - Yy 0
X1
-1 -1
0 — — 0 Yss
7125 7135
201 10 + 17.32051 0 0 0
-10+17.32051 —42.8371i 201 0 2.85711
Y 1Bus = 0 20i ~42.8371i —10+17.3205i 2.8571i
0 0 10 + 17.32051 -201 0
0 2.85711 2.85711 0 —5.67931
Mumber F Y Mame Bus 1 ‘ Bus 2 | Bus 3 | Bus <4 | Bus 5
1 1iBUS1 0.00 -320,00 10,00 417,32
2 ZBUS2 -10.00 +317.32 0.00 -j42.84 -0.00 +320,00 -0.00 +32.86
3 J|BLES 0,00 +320.00 0.00 -j42,84 -10,00 +§17.32 0,00 +42.86
4 4|BUS 4 | 10.00 +317.32 0.00 -j20.00
5 5|BlUSS -0.00 +4§2.86 -0.00 +3j2.86 0.00 -j5.68




