D-Line Models Master

From paper: Radial Distribution Test Feeders, Distribution System Analysis Subcommittee Report by IEEE from http://ewh.ieee.org/soc/pes/dsacom/testfeeders.html

Line configurations:
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Distribution Line Data Calculations for Spacing ID=500 with Line Conductors ID=601:

cpq = (0.0 +j-28)ft cpy = (2.5 +j-28)ft cpg = (7.0 +j-28)ft cnqg = (4.0 +j-24)ft

D12 = |Cp1 — Cp2| = 2.5-ft D23 = |Cp2 — Cp3| =45t D31 = |Cp3 — Cp1| =7-ft
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-1
Ypase = Zpase = 0-5778:S

"SIZE" "TYPE" "ohms/mile” "O.D.in"
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Dq, = |cp1 - cn1| = 5.6569.ft Dy, = |cp2 - cn1| = 4.272:ft Dgp = |cp3 - cn1| = 5.ft

Q Q
= 0.1859—— Mp = 0.5920——
oh = mile np - mile

Order of the conductor placemtn is 123n. Rotation to proper phase spacing is performed latter.

1 1
Zji(fn. P.1j, GMR;) := | rj +0.00158836-f, + j-0.00202237-f | In +7.6786+ 2 n[ 2] |
GMR; 2 | fy mile

For soil resitivity of p := 10002-mand system frequency of f, := 60Hz

1 1 mile 1 Q
Zon = Zii| fo—,p-—— 1y ——,Dqq9-— | = (0.2812 + 1.3831i)-——
aa "( N"hz P ogm P T T ftj ( ) mile

Q
Zph = 233 = (0 2812 + 1. 383ll) m

Q
Zan = Zaa = (0.2812 + 1.3831i)-——
cc aa = ( ): mile

1 1 mile 1 L
Zrm = Z"[fnm s pﬁ S I‘np-? S Dnn-ﬁj = (0.6873 + 1.5465I)-—_

mile
. 1 P Q
z--(f ,p,D--) = | 0.00158836-f,, + j-0.00202237-f,-| In| — | + 7.6786 + = Ly —_—
AN 1) n n Dij 2 | fy mile

For soil resitivity of p := 1002-m, system frequency of f, := 60Hz and distances between conductors calcualted above:
1 1 Q

Zab = Z|J (an— s pﬁ s D12 f—tj = (0 0953 + O 85l5|) m Zba = Zab
1 1 1 Q

Zac = ZIJ [fnm s pﬁ 5 D31 Ej = (0 0953 + 0. 7266I) m an = Zac
1 1 1 Q

Zan = le(an ’p.ﬁ s Dln f_t] = (0 0953 + 0. 7525I) m Zﬂa = Zan
1 1 1 Q

Zpye = le(fn-E N m , D23 f_t] = (0 0953 + 0. 7802I) m Zeh = Zpe
1 1 1 Q

Ihpy = le[fnm , pQ— ’D2n ftj = (0.0953 + 0.7865i)- m Zab = Zpn
1 1 1 Y/

ch = ZIJ (an 5 pﬁ s DSnf_t] = (0.0953 + 0.7674I)-m ch = ch

The matrix describing distribution line is a "primitive" 4 x 4 type with elements as follows:
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Z3a Zab Zac

el 0.2812 + 1.3831i 0.0953 + 0.8515i 0.0953 + 0.7266i 0.0953 + 0.7525i not rotated

Zha “bb “bc “bn 0.0953 + 0.8515i 0.2812 + 1.3831i 0.0953 + 0.7802i 0.0953 + 0.7865i | )

Z Z Z

ca Zcb Zcc

Zna Znb Znc Znn

en 0.0953 + 0.7266i 0.0953 + 0.7802i 0.2812 + 1.3831i 0.0953 + 0.7674i | mile
0.0953 + 0.7525i 0.0953 + 0.7865i 0.0953 + 0.7674i 0.6873 + 1.5465i

[*]Rotation & twist

4 4 Z 4
bb “ba “be “bn | (02812 +1.3831i 0.0953+0.8515i 0.0953+0.7802i 0.0953 + 0.7865i rotated
Zab Zaa Zac ‘an 0.0953 + 0.8515i 0.2812 + 1.3831i 0.0953 + 0.7266i 0.0953 + 0.7525i | O
Z = = ——
Zeh Zea Zee Zen 0.0953 + 0.7802i 0.0953 + 0.7266i 0.2812 + 1.3831i 0.0953 + 0.7674i | mile
s 7 7 0.0953 + 0.7865i 0.0953 + 0.7525i 0.0953 + 0.7674i 0.6873 + 1.5465i
nb “na “nc “nn

[«] Rotation & twist

. . i -1
Using Kron's reduction to 3-phase, phase quantities zyp,. = Zij = ZinZpn 7

0.2812 + 1.3831i 0.0953 + 0.8515i 0.0953 + 0.7802i

]

0.0953 + 0.7865i
. | Q
z:» .= submatrix(z,0,2,3,3) =| 0.0953 + 0.7525i |-——
in mile
0.0953 + 0.7674i

. . Q
Zon = submatrix(z,3,3,3,3) = (0.6873 + 1.5465|)-—_I
mile

]

z;; = submatrix(z,0,2,0,2) = | 0.0953 + 0.8515i 0.2812 + 1.3831i 0.0953 + 0.7266i |-——
0.0953 + 0.7802i 0.0953 + 0.7266i

mile
0.2812 + 1.3831i

z,i = submatrix(z,3,3,0,2) = (0.0953 + 0.7865i 0.0953 + 0.7525i 0.0953 + 0.7674i)-——

mile

0.3465 + 1.018 0.156 + 0.5017i
-1 . : :

Zser abc = Zij— Zin'Znn  Znj = | 0-156 + 0.5017i 0.3375+ 1.0478i 0.1535+ 0.3849i |.——

0.158 + 0.4237i 0.1535 + 0.3849i

0.158 + 0.4237i
Q

mile

0.3414 + 1.0349i

0.4338 — 1.2501i 0.184 + 0.4621]
-1 . :

Vser abc = Zser abc = | —0-184+04621i 0.3798 - 1.1846i
~0.1008 + 0.3456i —0.0478 + 0.2639i

—0.1008 + 0.3456i
—0.0478 + 0.2639i |-S-milg
0.3358 — 1.1177i
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0.0656 + 0.19281 0.0295 + 0.0951 0.0299 + 0.0802i
LF = 1000ft Zg01 = Zser ape'LF = | 0.0295+0.0951 0.0639 +0.19851 0.0291 +0.0729i |2
10 0.0299 + 0.0802i 0.0291 + 0.0729i 0.0647 + 0.196i
baseMVA = —“MVA = 3.3333 MVA
416
basekV = ol 2.4018 2.2902 — 6.6005i —0.9717 + 2.4398 —0.5321 + 1.8246i
, Yeor = Zggy = | -0.9717 +2.4398i 2.0051 - 6.2549i —0.2526 + 1.3935i | =
basezky = LOOM 43¢ 05321 + 1.8246i —0.2526 + 1.39351 1.7732 — 5.9013i
baseMVA , , 2.2902 — 6.6005i —0.9717 + 2.4398 —0.5321 + 1.8246i
baseZ,, 16y := baseZkv-basekV™ = 1.730602 Yeor 1= % ~ | -09717+2.4398i 2.0051-6.2549i 02526 +1.3935i | —
baseY -t 1 _osm8s 05321 + 1.8246i ~0.2526 + 1.39351 1.7732 — 5.9013i
4.16kv ™ pasezky basek\/2
. 0.0379 + 0.1114i 0.0171 + 0.0549i 0.0173 + 0.0464i
601 _ . .
z {00171+ 0.05491 0.0369 +0.1147i 0.0168 + 0.0421i
60LPU *~ agez, o
: 0.0173 + 0.0464i 0.0168 + 0.0421i 0.0374 + 0.1133i
Y 3.9634 — 11.4225( —1.6816 + 4.22231 —0.9208 + 3.1576i
601 _ . .
Yol py = ————— = | ~1.6816 + 422231 347 - 10.82451 —0.4371 + 2.4116i
PUT baseY 161y

—0.9208 + 3.1576i —0.4371 + 2.4116i 3.0686 — 10.2125i

[*] Symmetrical Components

lline 12 := 2000ft Distance of D-line between points "1" and "2"

0.0591 + 0.19i  0.0599 + 0.1605i
0.0591 + 0.19i  0.1278 + 0.3969i 0.0581 + 0.1458i
0.0599 + 0.1605i 0.0581 + 0.1458i 0.1293 + 0.392i

0.1313 + 0.3856i

Zabc_12 = Nline_12Zser_abc =

Q

0.0758 + 0.2228i 0.0341 + 0.1098i 0.0346 + 0.0927i
0.0341 + 0.1098i 0.0739 + 0.2294i 0.0336 + 0.0843i

0.0346 + 0.0927i 0.0336 + 0.0843i 0.0747 + 0.2265i
Transformation to symetrical components can be achieved by applying
11 1

Zabc_12 B

Yline_12_pu =

base

1 1 1
Ag:=11 a2 =|1 -0.5-0.866i —0.5+ 0.866i
1 a a2 1 -0.5+0.866i —0.5—0.866i

or
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0.3333 0.3333 0.3333
- 1 - . .
Ag 1o 3 1 a a2 Ag 1o 0.3333 -0.1667 + 0.2887i —0.1667 — 0.2887i
1 a2 a 0.3333 -0.1667 — 0.2887i —0.1667 + 0.2887i

0.6534 + 1.9071i 0.0298 + 0.0198i —0.0227 + 0.0164i
- : . |0
2012 = Ag l-zselr_(,ﬂbC-AS = | -0.0227+0.0164i 0.186 +0.59681 0.0413 - 0.0597 | —
0.0298 + 0.0198i _0.0413 - 0.0596i _0.186 + 0.5968i

L Q
ZL_4W_pOS = 20121 1 = (0186 + 05968I)m

mile

L Q
ZL_4W_ZerO = 20120 0 = (06534 + 1907ll)—

Unbalanced or untransposed symmetrical components impedance matrix for D-Line is
0.2475 +0.7224i  0.0113 + 0.0075i —0.0086 + 0.0062i
-1 . . .
2012 34 = Aq 'Zabc_lz'As =| -0.0086 + 0.0062i 0.0704 + 0.2261i —0.0156 — 0.0226i |2
0.0113 + 0.0075i 0.0157 — 0.0226i 0.0704 + 0.2261i

[«] Symmetrical Components

Susceptance calculations:

[*] Susceptance Calculations

Distances between conductors and images are in below matrix and distances between conductors above ground or image
are calcualted before:

Cpl — Cpl Cpl — Cp2 Cpl — Cps Cpl — Cnl
56 56.0558 56.4358 52.1536

CPp —CP1| |CPp —CPp| |CP2 —CP3| [CPp—CNq 56.0558 56  56.1805 52.0216

1
cp3—cpy| |cog—cpy |cog—cpg |cpg—cng| | Tt |56:4358 56.1805 56 52.0865

. _ - — 52.1536 52.0216 52.0865 48
Cnl — Cpl Cnl — Cp2 Cnl — Cpg Cnl — Cnl
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oD, 0D,

= 0. i = = — = 0. . = = 0. . F
ODph :=0.927in np = 0.563in RDph 5 0.038625-ft RD,, 5 0.023458-ft €a|r & = 8.85 10 12 F
m
S
mlle
Pii( Sii,Fii) := 11.17689-In ) -2 Pk
"( n “) r" H’F Eair_en = 1.4240-10 m

Sij | mile
i 11.17689-In
pij(8ij Dij) = [Du] uF

P1p = p“(sO 0-RDp j = 81.3589-% Py == P1q P33:= P11
Pon = p”(sg 3,RD, j = 85.2096-%

Pio = p”(so 1.D12 :-J = 34.7608- T:;e Poq :=Pqo

P13 = pu(So 2.D3p: %j = 23-3283'% P31 =P13

Pin= F’U(SO 3.Dqpy %j = 24-8275'% Pn1 = P1n

Pag = pl](sl 2.Dp3 %j = 28.216: T:,le P32 = Pp3

Pon = F’u(sl 3.Dopy 1) = 27-9375'% Pn2 = Pan

P3p = (52 3.D3p j = 26-1927'% Pn3 = Pan

P11 P12 P13 Pin 81.3589 34.7608 23.3283 24.8275 not rotated

P21 P22 Pa3 Py 34.7608 81.3589 28.216 27.9375 | mile
.nrot = =
P P3; P3p P33 Pan 23.3283 28.216 81.3589 26.1927 | pF

24.8275 27.9375 26.1927 85.2096
F)nl F)n2 PnS F)nn

Pyy Poy Poa P

22 721 723 "2n 81.3580 34.7608 28.216 27.9375 rotated
. P12 P11 P13 P1p 34.7608 81.3589 23.3283 24.8275 | mile
p.: = o —

P3y P3; Pa3 Pan 28.216 23.3283 81.3589 26.1927 | pF

27.9375 24.8275 26.1927 85.2096
F)n2 F)nl Pn3 F)nn
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Using Kron's reduction to 3-phase, phase quantities Py, = Pij — pin-pnnf l-pnj

81.3589 34.7608 28.216

. mile
pjj = submatrix(P.0,2,0,2) = | 34.7608 81.3589 23.3283 —'F
1}
28.216 23.3283 81.3589
27.9375
P = submatrix(P 0,2,3 3) _ | 24.8275 | il
n- pa s&os " F
26.1927
. mile
P = submatrix(Pp,.3.3,3.3) = (85.2096)-——
. mile
Pnj = submatrlx(Pp,3,3,0,2) _ (27.9375 24.8275 26.1927)nc
pF

72.199088 26.620613 19.628236
-1
Pabc = Pij ~PinPnn  Pnj = 26.620613 74.124909 15.696576 |-
19.628236 15.696576 73.307502

mile

0.0167 -0.0053 -0.0033
-1

Cabc = Papc ~ = | —0.0053 0.0158 —0.002

~0.0033 -0.002 0.015

HE
mile

6.299808i —1.995761i —1.259455i
6

—1.259455i —0.741719i 5.638638i

: : . |,-6_S
Ysht_abc 1= I+27fy Capg = | ~1.995761i 5959696 —0.741719i |-10 " —
= mile

baSEY4'16kV = 0.5778-S

Ysht_abc'LF
baSEY4.16kV

LF = 1000-ft Ysht.601 =

us = 10 s
. -6 . —7 . -7
2.0648i x 10 —-6.5413ix 10 © —4.128ix 10
_65413ix 10 | 1.9533i 10‘6 _2.431ix10 '
4128ix 107" —2.431ix 10| 1.848lix 10‘6
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<] Susceptance Calculations
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