Transformer Flow Considering Tap Changes
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Choose V, as reference and analyze side 2

Note:

PSSE does these calculations automatically.
The variable tap changer must be specified on side 1 (from bus).

{2 pu

_ tap, setting

VZ nominal



Transformer Flow Considering Tap Changes (cont.)
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— V2|2 = (P, — jQ)(R + jX)

V1 11V2|2(=63) — alV,|? = at5 (P, — jQ,)(R + jX)

[V111V2[cos(=6,) + j sin(—=6,)] — a|V;|* = at5 (P, — jQ,)(R + jX)

V1[IV, [cos(8,) — j sin(0,)] — alV,1? = atZ (P, — jQ,) (R + jX)

[V11V3][cos(6;) — j sin(6)] — a|V2|2 = atzz[(PzR + Q2X) +j(P,X — QzR)]
1ANACNCHES a|V2|2 S IANARUCHE atzz(PzR + Q2X) +jat22(P2X — Q2R)

Equating Real and Imaginary terms:

[V111V;| cos(6,) — alV,|? = atZ(P,R + Q,X) — V111V, | sin(0;) = at5 (P, X — Q;R)



Transformer Flow Considering Tap Changes (cont.)

— V4|V, sin(8,) = at(P,X — Q;R)

[V111V;| cos(8) — alV,|? = at3 (PR + Q,X) V111V, | sin(8;) = at3(Q;R — P,X)
L . ) L X )
B C
since these are known... make a substitution
[Vi11V;| cos(8;) — alV,|* = aB ANABGCHEN S
) aB + a|V,|? n(6,) aC
coS = sin =
’ Wllol ? VlIVa]
a*Bc + 2a*B|V,|* + a“|V. a“C
cos?(6,) = 2| 2| > V2l sin®(6,) = -3
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cos?(8,) + sin?(6,) =1

a’B? + 2a’B|V,|? + a?|V,|* N a®C?
[V112|V|? V112 [V, ]2

aZBZ + ZazB|V2|2 + a2|V2|4 + aZCZ = |V1|2|V2|2

aZBZ + ZazB|V2|2 + a2|V2|4 + aZCZ — |V1|2|V2|2 =0

=1

aZBZ + ZazB|V2|2 + a2|V2|4 + aZCZ - |V1|2|V2 2 = Afteer is found ...
a’|Vo|* + 2a®B|V,|* — [V1|?|V,|* + a®B? + a®C* = 0 aC
a?|V,|* + (2a2B — V4 )V, |2 + a*(B? + €?) = 0 6, = sin”! (—)
\ | A
|
Wl _v, .0,
we ended up with a mess ... = az -
* 4t order equation t5(R+jX)
* numerical solution required |V1| "
Sl =—1
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Transformer Flow Considering Tap Changes (cont.)
Numerical Solution

let’s put some numbers in and try to find a solution ...

0.98020 V2|26, Why is a numerical solution required?...
* this type of problem is know as

a:1
Swing Gen S, __% S, load flow or power flow
@ — . g +27 — * notice that the load is not a “passive” impedance
— __% 2 —_— * if the load were simply R + jX ... simple solution
' ' * since the load power is constant ...
v * the load power will determine the current
P=120.0 MW * the current will determine the Bus2 voltage
Q = 40.0 MVAR * If Bus2 voltage increases ...
* current must decrease to provide the same power
* |If current is changed ... Bus2 voltage will change
* so you have to iterate through Bus2 voltage values
to find the operating point that satisfies the
Constant load power

Power flow simulations must have a swing generator ...
* maintains Busl voltage at 0.980,, (for this example) and 0°
* provides real and reactive power needed to solve
the system (load + losses)
Nominal voltage of Bus1 is 138kV
Nominal voltage of Bus2 is 69kV
t, is 0.9875 (136.275 kV) (step 2)
t,is 1.025 (70.725 kV)
a=0.9634
Transformer impedance is 8.0% @200MVA with X/R = 30.0
Z=10.00133 +j0.03998 @ 100MVA
Load is 1.20 +j0.40 @100MVA
S, =1.20 +j0.40
Find: 1,1, S; we will solve this one with a short python script
that uses the Newton — Raphson method

a?|Vy|* + (2a?B — |V, |9)|V,]2 + a?(B> + C?) =0



Transformer Flow Considering Tap Changes (cont.)
Numerical Solution

B - PzR + Q2X
(= QzR - PzX
0.98020 |V, |26,
a:1
Swing Gen . a?|Vy|* + (2a%B — |V, |D)|V,]2 + a*(BZ + €2) = 0
1 ——
@ — - b 127 Newton — Raphson requires the derivative:
- ‘ p)
>3 42|V, |* + 2(2a%B — |V,|2)|V|
— V each iteration adjusts the value of V, until
' P=120.0 MW a solution is found
Q = 40.0 MVAR _
After V, is found ...
g g aC
. = sin
Solution ... 2 =3 \ana
0.980240 0.997 2 — 2.82° il
0.9634: 1 =4 V246,
Swing Gen 12023 % t2(R + jX)
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@ E— > «— 1.0252Z s \A .
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550.7 A 1061.1 A P=120.0 MW
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Newton — Raphson solution




Parallel Transformer Flow with Taps
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Choose V, as reference and analyze side 2

Use Thevenin Equivalent...

—— il [l [ tirZ, _

Vrn = - - —=— 5 =| = Vrul4B
ay Ay Q2 [|t{,Z, +t5,Z,

o p o UeZ1t5Z .

Zry = tHZ | t5HZ, = — = Rry + jXrn

t12271 +t5,Z,
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since these are known...
solve on the side for V;, and Z,



Parallel Transformer Flow with Taps (cont.)

i Vrn— V,]26, S = I"|V,| 26, where:
 Zm ; S S, =P+ jQ (Load)
_|V2|4_62 Z: N N
S, =812 +52

\Vrul2p — V2|26, _ P—jQ
Rry + jXry V2|42 — 6,

Vel IVol2(B — 65) — IVo|* = (P = jQ)(Rry + jXrw)
Vel Vol 2(B — 6,) — |Va|* = (PRry + QXry) + j(PXry — QRry)

\ J \ J
Y

E F
since these are known... make a substitution

VrulIVol2(B — 6,) — [V,|* = E + jF
Vg llV2| cos(B — 92) +J Vg llVzlsin(B — 92) - |V2|2 =E +jF

Equating Real and Imaginary terms:

|VTH||V2| COS(,B - 92) - |Vz|2 =FE |VTH||V2| sin(,B - 92) =F
COS(ﬂ J— 9 ) — E+—W2|2 Sin(ﬂ —_— 92) i ——
2 Vgl Vsl |VTH||v22|
|V, |* + 2E|V,|? + E? 5
2(8—-6,) = sin —-0,) =———7—=
cos™ (B = 0) Vot 12V, |2 (6 =6) Ve 2|V, |2

cos?(B — 0,) +sin?2(f—06,) =1



Parallel Transformer Flow with Taps (cont.)

|V5|* + 2E|V,|? + E? F?

+ =1
[Vru 2|V, |2 Ve |21V, |2

[Vo|* 4+ 2E|V,|% + E? + F? = [Vpy|?|Vs]?

[Vol* 4+ 2E|V,|% + E2 + F2 — [Vpy|?|V,]* = 0
[Vo|* + 2E|V,|% = |[Veyl? Vo] + E> + F> =0
[Vol* + RE = |Vey|DIVL|* + E2 +F2 =0
\ J

|
* 4th order equation
* numerical solution required
* will solve with Newton — Raphson Python Script
* Newton — Raphson requires the derivative:

4|V2|3 + Z(ZE - |VTH|2)[V2] + EZ + Fz - O

After |V, | is found...
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Newton — Raphson solution




Newton — Raphson solution (cont.)
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