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U ngh Impedance ECE525
I Ground: Peterson Coil e

e Normal unbalanced operation on
distribution line poses problems

e Still need line to line rating on insulation

- 6@0,\) m Ne At(t;'.‘,\ULA
— Resenonk (rou

Impact of Grounding Fall 2018

l / ECE525

I Impedance Ground Lecture 19

e Resistance Ground

» High R: (I. < 10 A)

» Low R: (10A < If < 1000A)
e [nductive Ground

ndV vekel]
» Zig-zag transformer 3 \GVS\‘ \
nera

» Poor performance in ge

e Resonant Ground (ground fault
neutralizer)

Impact of Grounding Fall 2018
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l ) ECE525

I Low Impedance Ground: ‘=

-~ 1000A
e |Limit fault current to 50—606\,& 0

e Current sensing used for relaying and
) can do direction sensing

® Limit over voltages nearly as well as
effective ground

e Sometimes use zig-zag transformer with
resistor on neutral (if no R, then
magnetizing branch is ground path)

Impact of Grounding Fall 2018
U SOll d Eff ective ECE525
I Grounding Lecture 19

® Most popular in North America
e Xo/X; <3 and Ry/X; <1 and are positive

e Uni-grounded (Europe) versus multi-
grounded (U.S.)

e Best for detecting faults, sensing
direction, and fault locating

Impact of Grounding Fall 2018
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g .
Grounding Examples
~
'y | 11
a = 1.¢ 12048 , 2 MVA = 1000kW pui= 1
Apip=|1 a a
2
1 a a

A 4160 V feeder is supplied by the WYE connected side of a 75 MVA transformer. The system
MVA . supplying the delta side of the transformer is 650 MVA. The transformer has a leakage

reactance of 10%. A ground impedance will be connected in the neutral of 4.16kV side of the
transformer to limit fault currents.

A Sketch the per unit diagram for the system
MVA base := 100MVA

V LL
Srated := 7SMVA V_LL = 4.16kV V In:= _T V In =2.402-kV
3
MVAsc := 650MVA

1.0%
Xstc_pu = ( - Xsrc_pu = 0.154-pu

MVAsc )

MVA_ base
j0.154pu j0.133pu

2
4160V'\2( MVA b
X_xfmr = 0.1-[ ) ( ALE ase) YN

4160V Srated

Xsre Xfmr
X xfmr = 0.133-pu Vs

4160
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\ .

3 Xgndpu := Im(Zgnd) Xgndpu = 2.077 per unit

— Xgnd := Xgndpu- Zbase ngnd = 0.359Q I

o

) Xgnd

Lgnd = ——— Lgnd = 0.954.mH at 60Hz
2-t-60Hz

D If the feeder is largely underground, the capacitance cannot be neglected. If the total per phase
capacitance to ground is 1.5 pF, determine the grounding resistance needed to limit the single line

to ground fault current to 20 A.

Cparasitic := 1.5pF

1

ci=
2-7t-60Hz: Cparasitic

Xc = 1.768-k2

X
Xc pu:= ° Xc pu=10218.6-pu
Zbase
Islg max -3
Islg max := 20A Islgpu := Ibﬁ Islgpu = 1.441 x 10 ~-pu
ase

The sequence networks will now change with the addition of the capacitance as shown.

j0.154 pu j0.133pu
MY
Xsre Xfmr L
Positive —— 10218.6pu
Sequence
A “r,ro!\Q. Q)ﬂdlw'
J0.154 pu j0.133pu 10 l J
NN Q.\ an
Xste Xfmr + |
Negative ~T~ -i10218.6pu OC\\ p nu
Sequence _) IC ( :ﬂ P
v
s nowH
j0.154 pu j0.133pu
S 3Rgr = Xeo
Zero T -j10218.6pu
Sequence 3Rgnd
| = imits SLG

euent ‘o
~ Chor3I0d CVM
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B Determine sequence networks for the system

LZ\ /\7

Positive Sequence: Negative Sequence:
0.154 0.133
M” M‘l j0.154pu §0.133 pu
e e YN YN
v Xsre Xfmr
SIC N

Zero Sequence:

j0.154pu j0.133pu

it Xfimr Note that this is a A-Y grounded
transformer. Also, assuming that zero
3Zgnd sequence leakage impedance equal to
positive and negative sequence values.

C Assume that the feeder is all overhead lines with negligable capacitance. Determine the ground
reactance needed to limit the single line to ground fault current to 6000A.

If slgmax := 6000A

MVA_b 2
Ibase = —=——— Tbase = 13.88-kA Joage o VL
Y _LL " MVA base
If slgmax
Ifpu = Ifpu = 0.432-pu

For a SLG fault we have (connect positive, negative and zero sequence circuits in series):

Vfault i
Ip= ad _ where Vfault := 1.0-¢ 90deg
Z1 +72 + 70 + 3-jXgnd
Z1 = jXsrc_pu + jX xfmr 72 =171
70 = jX xfmr
Ifpu
and we know for a SLG fault: ;= 5
Solve for Zgnd
1| Vfault . .
Zgnd = al (Z1 + 72 + 70) Zgnd = 2.0772i per unit
0




V1 partC := Vfault — I1_partC-Z1
V2 partC := —12 partC-Z2

VO _partC := —10_partC-(Z0 + 3-j- Xgndpu)

IVI _partC =

0.959i |

[V2_partC = —0.041i |=

[VO_partC = —0.917i |

VO partC 0
Vabce partC = Agyp:| V1 _partC Vabce partC =| 0.866 — 1.376i
V2 partC —0.866 — 1.376i
@
oX ot
R ad 5
—
s‘ lVabc_panCI 1.626 arg(Vabc partC) = | —57.812 |-deg
\ L 1.626 —122.188

— -~

—_—
V_In- | Vabe_partC| =| 3.905 |-k
3.905

PartD:

ZgndD :=

10 partD :

I1_partD :

(3-Rgnd _pu + Z0)-(—j-Xc_pu)

Vfault

(3-Rgnd _pu + Z0) —j-Xc_pu

ZgndD + Z1 + Z2

10_partD

10 partD = —9.771 x 10™ > + 4.703i x 10

4

12 partD := 10 _partD

|10 partD| = 4.804 x 10~

4

(\ ECES525 Session 19; Page 5/7
~ Power Systems Protection and Relaying Fall 2018
\
o~
-— . .
E Calculate the line to ground voltages on the unfaulted phases in parts C and D and calculate the
zero sequence voltages and currents.
p—
\) Part C:
10_partC Viault 10 partC = 0.144 11_partC := 10_partC
artC := A =1 artC := al
P 70 + 3-jXgndpu + Z1 + 72 == P -P
12 partC = 10_partC
as a check: Ia partC := 3-10_partC |Ta_partC| = 0.432 pu IIa_pal“[CI -Ibase = 6-kA

OveAvollee O
UA%W prosr-
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-
S
- as a check: Ia_partD := 3-10_partD IIa_paITDI = 1.441 x 10_3 pu
p—
(\\ |Ta_partD|-Ibase = 20.001-A - \
2 \h*
V1 _partD = Vfault - T1_partD-Z1 V1 partD] = 1 | / V‘ '\'VZ +V0 = 0
V2_partD := —I2 partD-Z2 « ||v2_partD| = 1.38 x 10”4
VO _partD := —I0_partD-(ZgndD) [|vo partD] =1 | Y v‘
Vo -
VO_partD 0
Vabe partD := Agqp:| V1 _partD Vabc partD =| 0.866 — 1.5i
V2 partD —-0.866 — 1.51
0 107.593

—
& IVabc _partDI =" 1.732 arg(Vabc partD) = | —60.013 |-deg
1.732 —120.01
Q&)ﬁ X g
W IS
W V_ln-|Vabc _pal“cD| =| 4.16 |-kV
4.161

F Compute the single line to ground fault current and the voltage on the unfaulted phases if the
transformer is solidly grounded. Calculate the zero sequence voltages and currents.

B o B PR TR S ST e S

Vfault
10 gnd = ———— 10 gnd = 1.413 I1 gnd := 10 gnd
ST 2071+ 22 BEEEESREE e =
12 gnd := 10_gnd

la_gnd := 3-10_gnd [la_gnd = 4.239 | per unit

- lIa_gnd-Ibase = 58.833-kAJ
V1_gnd := Vfault — I1_gnd-Z1 [Vl _gnd = 0.594i |
V2 gnd := —I2_gnd-Z2 [V2_gnd = —0.406i |

VO0_gnd := —10_gnd-Z0 [VO_gnd = —0.18841i |
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