Example

o Using the Newton-Raphson PF,
find the power flow solution Slack Bus
V, = 1.05D0°
0.01 +j0.03 _\.oz +j0.04
| 0.0125 + j0.025
Y, =10- j20 pu
Yz =10- 30 pu _ T
_ V5| =1.04 \ 2 /
Y, =16- J32 pu 200 MW 400 MW
: 250 MVAR
«n _ 400+ j250 .
= - =-4.0- j25 pu
S 100 j25p
200
P ="—"—"=20pu
° 100 P
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Example

€20- j50 -10+j20 - 10+ 30y
=S 10+j20 26- 52 -16+j32
g 10+ j30 -16+j32 26- j62(
3.9 - 190 224203 31.6D1.89
= 2 224203 58.1b-1.11 35.802.03 g angles are in radians
g 31.6D1.89 358D203 67.2b- 1.17y

Y,

bus

P, = VoViNar| COSlly - d, +0l;) + V| Y| COS(A,, ) + V|V Yol COSIELs - +ls)
Ra = [\/3"\/1”Y31| COS(CI31 B d3 + dl) + [\/3”\/2”Y32| cos(q32 B d3 + dz) + [\/3|2|Y33| COS(CI33)
Qz = [\/2”\/1”Y21|Sin(CI21 - dz +d1)' [\/2|2|Y22|Sin( 22) - [\/2”\/3”Y23|Sin(%3 B dz +d3)
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Example

X|
[
@m&mal

U
3 f()_():ép?)(_zid_,
V4

€V;J1.05(22.3 cos(2.03- )+ V|58 1 cos(- 1.11) +M\104H35acos(203 d, +d,) U

u

= §V,1.05/3L.6 cos{1.89 - d) +[1.04\V;|35.8 cos(2.03- d +d, ) +[1.047(67.2 cos(- 1.17)i

&~ Vo|1.05[22.3sin(2.03- d,)- |v;[58.4sin(- 1.11)- |V;[1.04/35.8sin(2.03- d +d)g
éDP, () éR™" U eP(d d,V,)U & 400 éR,(d,.d;V,)u
Dc = eDPu—c f(x)= PSChu =P,(d,.d V)H:SZ.OH- CYCHAVAR:
00§ Y ng(d Vol & 250 8.(d,.d; V)
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Example

3
:TTTP = amv HYZJ"Sin(QZi -d;+d)
2

j=1,jr2

=V, VY| SN0, - 0,) + MoV Yag|SiN(@5 - 0, +dy)
= V,|[1.05|22.4/sin(2.03- d,) +V,[1.04|35.8sin(2.03- d, +d,)

P : '
:TTT = - V|V Yool SiN(@lz5 - 0, +) = - V,[1.0435.8 5in(2.03- d, +d,)
3
P S
% = 2[\/2”Y22|COS(CI22)+ d M HYZJ"COS(qu -4, +dj)
T”V2| j=Lj*2

= 2[\/2”Y22| COS(CIZZ) t [\/2||Y21| COS(CI21 - dz t d1) t [\/2”Y23| COS(CIzs - dz t d3)
= 2V, [58.1 cos(2.03) +[1.05|22.4| cos(2.03- d.,)
+[1.04|35.8 cos(2.03- d, +d.,)
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P - j
% = [\/3”\/2”Y32|Sm(q32 - d; +d2) = |1'04“V2”35'8|Sm(2'03_ d; +d3)

1= &MV snla, - d,+a)
1—11 3

= [\/3"\/1"Y31|Sin(q31 - d3 T d1) T [\/3”\/2”Y32|Sin(q32 B d3 +d2)
= |1.04/1.05|31.6/sin(1.89 - d,)+[1.04V,||35.8sin(2.03- d, +d,)

—[\/3||Y32|cos(q32 d, +d,)=[1.0435.8cos(2.03- d, +d,)

ﬂIVzI
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Example
3
1111_32 = aMV, HYZJ"COS(C'ZI' -d; +d)
2 j=Lj*2

= VoMY cOSI@L; - d, +0ly) + VoV Yoo cOSlEs - f, +dls)

= V,|[1.05|22.4|cos(2.03- d,) +|V,|1.04]35.8cos(2.03- d, +d.,)

1111(52 == MoV3[Yas cos((l,; - d, +d) =- V,|1.04(35.8 cos(2.03- d, +d,)
3

1Q, _

- 2V, |V, |sin(a,) aN||YZJ|Sn(q2] d,+d)
™,

j=1,jt2
= 2[\/2”Y22|Sin( 22) ) [\/1”Y21|Sin(CI21 - d, +d1) ) [\/3”Y23|Sin(q23 - d; +d3)
= - 2V,||58.4sin(- 1.11)- [1.05|22.4/sin(2.03- d,)
- [1.04|35.8sin(2.03- d, +d,)
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&,u"  61R,/Td,
=gy +ETR/1e,
L4 81Q./1d,

R,/Td, TR,/TV,u" éDR 0"
T1R,/1d, ﬂpg/ﬂvzu ﬁDP“
1Q,/1d, ﬂQz/ﬂvzg @DQZ



Newton-Raphson PF Example

€0.0u PSChu eP u é& 400 é 114 & 2.86(
_é\nu DclO schu EooU_é u é u_e U
= gO.OL,J = F?,) a- ng 0= e 2. O O 562 1 438
@]..Og H g}z H 2 5g g— 2. 28[;] g— 0. 22g
Dx® = 3 1Dcl?

éDd 0 65428 -3328 24860 & 2860 & 0.04526()
= SDd [0 ﬂ € 3328 6604 - 16 64” e1 438” e 000772u
eq\/ 0 @ 2714 1664 4972 g g— 0. 229 @L 0. 02655g

ed u €0.0+(- 0.04526)1 & 0.04526
0 = Sl o= eoo+( 000772)3 g 000772u
Qv 510+( 0.02655)§ @& 0.9734 g
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Newton-Raphson PF Example

& 0.045260) Pl éPUU ¢ 400 & 3901y & 0.099(
1Y = e 000772UI Dclt = P;C“ﬂ gpgllﬂ gz olu. e £1.978 “ eo 0217UI
@ 0.9734 g > B gQ[”H & 25g g— 2449g g— 0051g

651.72 -3177 21.30( & 0.099y & 0.001795(
Dx!Y = e 3298 6566 - 15. 38“ eo 0217UI e 0. 000985UI
g— 2854 1740 48.10 g g— 0. 051g g— 0. 001767g

d[zlg & 0.04526 + (- 0.001795)) e 0.04706y)
X2 = Ad[zl - e 0.00772 + (- 0000985) 000870UI
g\/[zl\u 09734+( 0.001767) g g 0.9717 g
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Newton-Raphson PF Example

& 0.04706) ePSChu eP[”u & 400 é 3.999 & 0.0002
S[2] _ € U 2] — schu é [1]U e u é u e U
XT=g 0'008700 Dc Ff? Q- eF’3 0= & 2. O 1 999 O 00004

& 0.9717 §{ sl gQ[”H & 25g g— 2499g @ OOOOlg

65160 -3169 21.14( & 0.000216y & 0.000038(
Dx!? = e 3293 6560 - 15. 35“ € £ 0.000038 U_ e 0. ooooozUI
@- 2855 17.40 47.95 g @- 0. 000143g @- 0. OOOOO4g

éd}? U ¢ 0.04706+ (- 0.000038)ys &- 0.04706
X\ = Adgﬂﬂ € 0.00870 + (- ooooooz)“_ € 0008705UI
Q90 & 0.9717+(- 0.000004) § @ 0.97168 g
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Newton-Raphson PF Example

- 0.04706 R0 6PN & 400 & 400 €0.00000
%13 = e 0008705UI Dcl?) = PSC““ P[”“ e20 u_ 1 £2.0 4= 20.0000!
g 0.97168 g =4 gQ[”H g— 25g & 2.5 @.0000§

e =25 10"

P, = M| IVyy|coslaty, ) + MV, |V, cosla, - dy +d,) + MV, Vi cos{a - d +dlg)
Q1 = - [\/1|2|Y11|Sin( 11) B [\/1”\/2”Y12|Sin(chz - d1 T dz) B [\/1”\/3”Y13|Sin(ch3 B d1 T d3)
Q3 =" [\/3"\/1”Y31|Sin(Q31 B d3 + d1) B [\/3”\/2”Y32|Sin(CI32 B d3 + dz) B [\/3|2|Y33|Sin( 33)
P, =2.1842pu

Q, =1.4085pu

Q, =1.4617pu
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Fast Decoupled Power Flow

o Transmission lines and transformers have high X/R ratios

Real power change, DP
m IS |less sensitive to changes in the voltage magnitude, D|V|
m IS more sensitive to changes in the phase angle, Dd

Reactive power changes, DQ
m IS |less sensitive to changes in the phase angle , Dd
m IS more sensitive to changes in the voltage magnitude, D|V|

Jacobian submatrices Jo; and Jp, tend to be much smaller in
magnitude compared to Joq and Jy,,

 Jacobian submatrices Jo4 and J, can be set to zero
éDPl\Jzé‘]Pd 0 uebd g DP = Jp, >Dd =194, Dd
Qg &0 JQngDN § DQ=J, XDV|= ﬂ%M DV|
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Fast Decoupled Power Flow

o J,, elements lli ‘ [\/H ‘Cos(qij - d "'d,-)

v
q; »90° d, »d,
Jv\ » MY, |cos(90°) = 0.0
o Joq €lements
" i) = MM eodl, - o+ )
qIJ »90° d; »d,

'H‘d ‘» [\/”\/ H ‘COS(9O
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Fast Decoupled Power Flow

o The matrix equation is separated into two decoupled
equations

requires considerably less time to solve compared to the full
Newton-Raphson method

Jpq @and Jg,, submatrices can be further simplified to eliminate the
need for recomputing of the submatrices during each iteration

m some terms in each element are relatively small and can be
eliminated

m the remaining equations consist of constant terms and one variable
term

m the one variable term can be moved and coupled with the change in
power variable

m the result is a Jacobian matrix with constant term elements
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Jacobian J.4 Diagonal Terms

o =AMV, - d+a)
jl

=[N Jsinfa,)+ 8 MV s, - o+

=- N[ ¥,[sin(@,)- Q Qi:_ér_]-M”VJHYiJ"Sin(qij_di+dj)
\Y”\s:n(q”):ai 8, >Q o= M[B,
2 P
VfoN| B ol=-MB,
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Jacobian Jp4 Off-diagonal Terms

P .
1%1 =-V|V[vi[sing, - d, +d)
dj -d »0

P .
:TT_dli =NV sinla; )
‘Yij‘sin(qij): B; ’VJ‘ » 1

" _
ﬂdi N‘BIJ
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Jacobian J,,, Diagonal Terms

1o =2l )- s -4 +)

:—[8‘: MIY \sm(q” 'N‘-ljé;lM”VjHYij‘Sin(qij'di+di)

19 =-MivJsnla)+M'Q Q=AM Wjsnk,-a+a)
“()Bu B|i>>Qipﬂ—M N‘
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Jacobian J,, Off-diagonal Terms

.mv‘ NH ‘sm(qij—di+dj)
d-d»0
.HN ‘ NH ‘sm(qij)

‘Y‘sm( )=B

1)

'"M -MIB,
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Fast Decoupled Power Flow

e Individual power change equations in Jp4 and Jg,

n DP n
DR =3 - M[BDd; b Vil
j=1

=a - BDd,

j=1

0o =a-vBov| P St=4-80Y,

J=1

o Matrix equation for Jpy and Jg,

P_Bod b Dd=- [Bc}1DP

Vi v
Vi =Bev b oovj=-[4R
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Example

o Using the fast decoupled PF,
find the power flow solution Slack Bus
V, = 1.05D0°
0.01 +j0.03 _\.oz +j0.04
| 0.0125 + j0.025
Y, =10- 20 pu
Yz =10- 30 pu _ T
_ V5| =1.04 L 2 /
Y, =16- J32 pu 200 MW 400 MW
: 250 MVAR
oh 400+ j250 .
=- =-4.0- j25 pu
> 100 Jesp
200
P"="—"—"=20pu
° 100 P
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Example

652 327

“&€32 - 62H
B = ¢ 0.028182 - 0.014545(
& 0.014545 - 0.023636}

Bé=[- 52]
[B&* =[- 0.019231]
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Example

I nitial values: éL.05D0°

VG gtooao“

£1.00D0°§

First iteration:
ePSChl; & 4.00 &d;u €0.00
th“_?zo 0 gt = § “<1“ X% = .04
h A [k]

QY @‘ E’I &3 U @109

g |nJ| én. ’\/I”\/j HYij‘COS(qij B di +dj)
=1

R
o
Qo= &V snky, -+

Qi

Xl X

f(x)=¢gPR

nj3

>(D> (D>(D
><I
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Example

QVa! oo OS2 ) + MM Yz cOS(A - f, +0,) + VoV Vi cOS{s - f, )

i ()—() — e’Vs\ 33‘ C05(q33) + ’\/BH\/IHY?J‘ Cos(q31 - d3 +d1) + NP:H\/ZHY?:Z‘ cos(q32 - d3 +d2) l}
e ‘Yzz‘sm( 22) - ’\/ZH\/lHYﬂ‘Sin(qﬂ - dz +d1) - ’\/ZH\/SHYB‘Sin(qZ?: - dz +d3)3

é ’VZ '
9|

~

8
2 \,|"[58.1cos(- 1.11) + V,[1.05]22.4) cos(2.03- d, ) + |V, [1.04]35.8 cos(2.03- d, +d,) 3
U

1.047(67.2 cos(- 1.17)+[L.04|1.05/31.6|cosi1.89 - d,) +[1.04)V,|35.8/cos(2.03- d +d, )
- V,[58.1sin(- 1.11)- V,|1.05|22.4sin(2.03- d,)- V,[1.04[35.8sin(2.03- d, +d,) ;

@ D> (D> M D> (D~

8!
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Example

PSChu eP[O]u & 400 é 1140 & 2.86(

Dy = P;C“ﬂ Sp?folﬂ €20 Y- S0562Y= S1.438"

H gQ[O]H §-25g 32289 3-022[;

éDdI?u  €0.028182 0.0145450¢- 2.86/1.00 & 0.06048y
SDd 01U~ €),014545 0.0236364 &1.438/1.04% & 0.00891H

[D[\/Z[Ol\] =[0.019231][- 0.22/1.0] =[- 0.004231]

d!¥ =0.0+(- 0.06048) = - 0.06048
d!¥ =0.0+(- 0.00891) = - 0.00891

[\/2[11\ =1.0+(- 0.004231) = 0.995769
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Remaining iterations:

lter

O© o0 N O O &~ W N B

[HEEN
o

02

-0.060482
-0.056496
-0.044194
-0.044802
-0.047665
-0.047614
-0.046936
-0.046928
-0.047087
-0.047094
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a3

-0.008909
-0.007952
-0.008690
-0.008986
-0.008713
-0.008645
-0.008702
-0.008720
-0.008707
-0.008702

V2|
0.995769
0.965274
0.965711
0.972985
0.973116
0.971414
0.971333
0.971732
0.971762
0.971669

DP2

-2.860000

0.175895
0.640309

-0.021395
-0.153368

0.000520
0.035980
0.000948

-0.008442
-0.000470

DP3
1.438400

-0.070951
-0.457039

0.001195
0.112899
0.002610

-0.026190
-0.001411

0.006133
0.000510

DQ2

-0.220000
-1.579042

0.021948
0.365249
0.006657

-0.086136
-0.004067

0.020119
0.001558

-0.004688



