Cable Systems - Postive/Neqgative Seq Impedance

Nomenclature:

GMD

GMR

- geometrical mead distance between conductors; depends on
construction of the T-line or cable feeder
- geometric mean raduius of conductor (single conductor, not bundle);

values are given in tables with conductor properties

[*] GMR and GMD calculations and Estimations

[¥] Conductor Reactance

Zaa “Zab ‘Zac “‘Zanl  ‘Zan2 ‘Zan3

Zha Zbb  Zbc “‘bnl  “Zbn2  Zbn3

Zca Zcb Zec Zenl Zen2 Zen3
Zos e =
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P “n1a “nib “Znic “Zninl “Znin2 “4nin3
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le = Zba be ZbC Zin: anl an2 an3

Zca Zch “Zec Zenl Zen2 Zen3
Zn1a Znib “nic Zn1nl Znin2 Znin3
Znj=|%n2a “n2b “n2c | Znpn=|“n2nl “n2n2 “n2n3
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Zjj Zin
Zos e )
primitive _
Znj Znn
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3PH, 4W, grounded WYE line segement

L AVAVA Y Y Y \l L S ®
+ — ~ ~ +
Vag 'a Zppy [ “ab (" Zac Vag
° AN\~ Y YL - _ °
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o AVAVAVE= 2 O G G W / Py
+ = +

— I \ Pt |
\Y c - >~z V
C A Zn]} v cn ) cg
\/\\/\f — ' = - +
Vng n Vlng
- - \ -
Vsgg Vrag Zaa Zab Zac Zan || la
Vspg Vibg | | Zba Zbb Zbc Zon || b
= + .
Vseg Vieg Zca Zeh Zec Zen || e
Vsng Ving Zna Znb Znc Znn ) Un
VSabc VI abe Zij Zin)(!abc
= +
Vsng Vrng Znj Znn I'n

Because Vsng and Vrng are grounded, then Vsng =0 and Vrng =0

VSabc = Vrabe *Zij labc *Zin'n
0= 0+an -l abc +Znn-| n
_ -1
In=-Znn “Znjlabc

-1

VSabc = Vrabe *Zij !l abc *+Zi n'(_znn Zpj -l abc)
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VSabc

Zabc

VSabc =

Sequence values

=Zi; —1lz

1

=V abc +(Zij ~ZinZnn Zp; )" abc

ij “%in?4nn %nj

VI abe + Zabe! abe

ag = 1ej-120deg
Vag 1 1 1 Vigg
1 2
ng = dg dg Vlgl
Veg 1 ag as2 Vig,
1 1 1
) 1 1 1
Ag = lag” a5 |=|1 -05-0.866] 0.5+ 0.866j
1 a asz 1 -0.5+0.866j —0.5— 0.866j
VIGapc = As-VI 9p12
labe = As'l 012
R
VIgp12 = As "~V dapc
11 1)\*! 11 1
2 1 2
AS—1: 1 ag &g - -1 ag g
3
2
1 ag ag 1 ag &g
0.333 0.333 0.333

A.~1=10333 -0.167 + 0.289] —0.167 — 0.289j
0.333 -0.167 —0.289j —0.167 + 0.289j
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VSabc = Vrabc * Zabe’! abe

VI'gs 012 =M9r 012 +Zp12! 012

For symetrical, transposed line:

Zg = _'(Zanr Zhp * ch)' mile
Z = L (z +Zpe+ 2 ) {2
m =~ 3'\%ab™ “bc ™ “ca) e
Zs Zm Zm
Q
Zabe = | Zm % 2 —
Zm ‘m Zs
Consequently:
Q
Zgg = (Zs+ 2-zm)-—m“e
: _ Q
211= %222 = (Zs_zm)'m”e

Between phases: Dij = GMDij = E/Dab'Dbc'Dca'ft
Phase and neutral: Dij, = GMD;j, = 3/Dan'Dbn'Dcn'ﬁ

) 1 Q
zjj = rj+0.0953 +j-0.12134- In + 7.93402 | ——
GMRi mile

Or by applying GMD and GMR calcualtions for system of n.,,q4'Ncond:

-1 ] -1
As “VSapc =As “Vrapc tAs “ZabcAsl 012

200 Z01 402

_ -1 _
2012 = As “ZapcAs Zo12 = | 410 411 412

Zo0 Zp1 Z92
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Zan = T +00953+1012134( (

] +7. 93402] {2
mile

zj; = 0.0953 +j-0.12134- +7.93402 | —
] m|Ie

Q
Zjn = 0.0953 +J-0.12134-| Inf — | + 7.93402 | ——
DIn m|Ie

2
Z.
in Q
Zgo = | Zjj + 2:Zjj — 3 — |'——
00 = mile

_ 0
D:
— _ . IJ Q
211 = 290 = 1 +J-0.12134-|n[GMRJ._miIe
|
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Series Impedance for Underground Line

D14

< D13 T
<—— D12 D23 D34

Phase Conductor
Insulation

Jacket

Concentric Neutral Strand

Insulation Screen

Where: de - phase conductor diameter [in]
dyg - nominal diameter over the concentric neutrals of the cable [in]
dg - diameter of a concentric neutral strand [in]
GMR; - geometric mean radius of the phase conductor [ft]

GMR, - geometric mean radius of a neutral strand [ft]

GMR —kGMRkaiﬁ
cn ~ g )

. Q
e - resitance of the phase conductor [ —]
mile
. . Q
r - resistance of a solid neutral strand | —]
S mile
Kk - number of concentric neutral strands
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Example:

. 6" ™~ I i 6" :/ I
Phase: (1) 2) (3)
Neutral: (4) (5) (6)

Cable is 250kcmil, 15kV, Al with (13)-#14 annealed, coated copper wires (1/3 neutral),
ODgyp = 1.29in, k:=13 f := 60Hz

For cable: 250 kcmil AA:
GMRyp := 0.0171

OD¢gpq = 0.567in

Q
o = 0.4100 —
mile

For neutral strand: #14 Copper
GMR; := 0.00208ft

d = 0.0641in
0
fo = 148722
s mile
OD...p. — d
Re— 0 7S _ 4051111

13 17 1
GMch = ’GMRS-13-R -— = 0.04864
ft

r

CS Q
[ = — = 1.14402.——
g mile
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D23 = D3p = D5g = Dgs = 0.5

D31 = D3 = Dgy = Dyg = 1.0ft D3p =10 Dyg =1
D14 = Dy5 = Dgg = R = 0.0511ft Dyy = 0.0511

Dy5 = D5 = 0.5t Dys = 05

D26 = Dg2 = 0.51t

Dg1 = D1p = 10Tt Dig:=1

Q 1 0 .0
211 = T +0.0953-—— +j-0.12134-| In| ———— | +7.93402 | —— = (0.505 + 1.456])- ——
GMR,p.

mile mile mile
222 =111
233 =211
Q . 1 Q .~ 0
Zpg = Top + 0.0953-—— +j-0.12134-| In +7.93402 | —— = (1.239 + 1.33))- ——
mile GMch mile mile
255 = 244
266 = 244
Q ) 1 Q .~
19 = 0.0953-—— +]-0.12134- Inf — | +7.93402 | —— = (0.095 + 1.047j)- ——
mile D12 mile mile

Zp1 =212 223 =11 1I32:=133

Q ) 1 Q ~
Z13 = 0.0953-—— +j-0.12134-| In| —— | + 7.93402 | —— = (0.095 + 0.963})-——
mile D31 mile mile
731 = 213
Q ) 1 Q ~
14 = 0.0953-—— +j-0.12134- Inf — | +7.93402 | —— = (0.095 + 1.324j)-——
mile D14 mile mile

Zp1 =214 225 =214 Z5) =I5 736 = 214 %63 < 736
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Z1

o1

751

Z1

(o]

261

Z4

o1

Z54

Z4

D

264

i

nj -

nn-

Q
= 0.0953 —— +-0.12134-

= 215
Q

= 0.0953-—— +j-0.12134-

=716
Q

= 0.0953-—— +j-0.12134-

=245

Q
= 0.0953-—— +j-0.12134-

mile

224 ‘= 215

mile

234 = 216

mile
756 = 245

mile

=246

211 %12 213
221 222 223

731 232 %33

214 215 216

224 225 226

734 235 236

Z41 242 %43

Z51 752 753

261 262 %63

Z44 245 246

Z54 Z55 Z56

264 265 266

(o

242 = 24

e

243 = 234

5

Zp5 = Z56

O')

U"I

|
|
o)
ow

+ 7. 93402)

+ 7. 93402)

+ 7. 93402)

+7.93402
D46

mile

235 = 215

mile

mile

mile

753 = 235

Q

Y
= (0.095 + 1.047j)-——
mile

2726 ‘= 215

262 = 226

Y
= (0.095 + 0.963j)-——
mile

Y
= (0.095 + 1.047j)-——
mile

Y
= (0.095 + 0.963j)-——
mile

0.505 + 1.456j 0.095 + 1.047j 0.095 + 0.963]

0.095 + 1.047j 0.505 + 1.456j 0.095 + 1.047]

0.095 + 0.963j 0.095 + 1.047j 0.505 + 1.456]

0.095 + 1.324j
0.095 + 1.047j
0.095 + 0.963]

0.095 + 1.324j
0.095 + 1.047j
0.095 + 0.963]

1.239 + 1.33]
0.095 + 1.047j
0.095 + 0.963j

0.095 + 1.047j
0.095 + 1.324j
0.095 + 1.047j

0.095 + 1.047j
0.095 + 1.324j
0.095 + 1.047j

0.095 + 1.047j
1.239 + 1.33]
0.095 + 1.047j

0.095 + 0.963j

0.095 + 1.047j |-

0.095 + 1.324j

0.095 + 0.963j

0.095 + 1.047j |-

0.095 + 1.324j

0.095 + 0.963j

0.095 + 1.047j |-

1.239 + 1.33j

mile

mile
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1

V4 =Z; -Z

abc =Zij ~ZinZnn Zpj

0.798 + 0.446j 0.319 + 0.033j 0.285 — 0.014;
0.319 + 0.033j 0.789 + 0.404j 0.319 + 0.033j |- ——

mile
0.285 - 0.014j 0.319 + 0.033j 0.798 + 0.446j

Zabc ~

A -1
2012 = As “ZapcAs

1.4106 + 0.4666i —0.0028 — 0.0081i —0.0056 + 0.0065i
z = | —0.0056 + 0.0065i 0.4874 + 0.4151i -0.0264 + 0.0451i i
012 mile
—0.0028 — 0.0081i 0.0523 +0.0003i 0.4874 + 0.4151i
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Shunt capacitance

Primitive matrices are used for UG cables and OH lines. Sometimes, if cable system is
simple (3/c or 3-1/c only), capacitance of cables are calculated directly from physical

properties.
Paa Pab Pac Pani Pan2 Pan3
Pba Pbb Pbc Poni Pbn2 Pbn3
Pca Pcb Pec Peni Pen2  Pen3
Porimitive =
P Pnia Pnib Pnic Pnini Pnin2 Pnin3
Pn2a Pn2b Pn2c Pn2ni Pn2n2 Pn2n3
Pn3a Pn3b Pn3c Pn3ni Pn3n2 Pn3n3
Paa Pab Pac
Pij = | Pba Pbb Pbc Pin =
Pca Pch Pec
Pnia Pnib Pnic
Pnj = | Pn2a Pn2b Pn2c Pan =

Pn3a Pn3b Pn3c

Pij Pin
Pprimitive = "

nj Pnn

Potential coefficients in cable is:

pii = 11.17689-In| — |. =
RD; | wF
Si: il
pjj = 11.17689-In| — .
where: Sij - distance from conductor i to its image i' [ft]
Sij - distance from conductor i to the image of conductor | [ft]
RD; - radius of conductor i in [ft]

Pan1 Pan2 Pan3
Pbn1 Pbn2 Pbn3

Pen1 Pen2 Pen3

Pnini Pnin2 Pnin3
Pn2n1 Pn2n2 Pn2n3

Pn3n1 Pn3n2 Pn3n3

File: Cable_Tline_Calcs1_Rev0.xmcd

Page: 11 of 13




Dij - distance from conducor i to conductor j [ft]

_ -1
Pabc = Pij ~PinPnn "Pnj

_ -1
Cabc ~ Pabc

TR

Yabc = (O +j"’J'Cabc)'ﬁle

w= 2-7-f

Calculation cables capacitance from physical
properties

Phase to ground capacitance

2-T-€

Pg Rp) 1 (kRDg
Inf — [=—-In
RD.] k | Ry

where: €= g€,

gy - is the relative permittivity of the material (see table below)

_12F

gy = 8.8510 127 is the vacuum permittivity, or
m
F
e = 0.014243 1
mile

Typical Values of Relative Permittivity (&,)

Range of Values

Material of Relative Permittivity
Polyvinyl Chloride (PVC) 3.4-8.0
Ethylene-Propylene Rubber (EPR) 2.5-3.5
Polyethylene (PE) 2.5-2.6
Cross-Linked Polyethlyene (XLPE) 2.3-6.0
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Example with previous example data:

Rp, = 0.0511ft R := Ry = 0.613in e =23 k=13
ODgong

RD, = ;on - 0.284in
d

RD := — = 0.032in
2

Yag = 0+j-2-71-f-Cpg
2-T-E €
Vaq = | 0+ 2:70-F) ro _ 96.847j >
9 R k-RD mile
b 1 S
Inf— | ——-In
RD.| k | Ry
ybg = yag ng = yag
Yag 0 O 96.847j 0 0
S
=1 0 ypq O [=| o0 968477 o |2
Yabe bg . | mile
0 0 Yeg 0 0 96.847]
= A Lyohe A
Y012 = As "Yabcfs
96.847193] 0 0
. nS
= 0 96.847193 0 NI
Y012 ) mile
0 0 96.847193j

File: Cable_Tline_Calcs1_Rev0.xmcd Page: 13 of 13




