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1. Given the power system below:

ZsA A
=

O—mm

Ep

L7

ECE 525: Homework #1

Solutions

o

Relayz Relayg

LQ

é
Where the following are given as CT and VT secondary quantities::

= Egy = 70V.¢ 098

« Zsal = l.5ohm:

ej-87deg

ZsB1 = O.SOhm-ej.83deg

Z1 = 5ohm-e dadeg

Egp := 70V.¢ ) 30dee

Zspay = Zsal Zgao = Solim: o 87deg
ZsB2 = ZsBl Zsgo := 2.50hm.) #34°€
Zro = 180hm-¢324¢8 Zig == Tyt

12
The current trransformer ratios are; CTR := %
The voltage transformer ratios are: VTR := %k_V

-

Line-to-neutral

A Calculate the source voltages, line and source impedances and line current referred to primary
values based on the information given above. Also find the line currents in secondary Amps

accounting for CT polarity.
g VIR
SAl prim - CTR SAI
VTR
Z im = ——Z
SA2 prim CTR SA2
7o VIR
SAQ_prim - CTR SA0
VTR
Z im (= ——Z
SB1_prim CTR SB1
soo VIR
SB2_prim - CTR SB2
s VIR,
SBO_prim = CTR SBO

Zsa1_prim| = 118642 |

arg(ZSAl_prim) = 87‘deé

|ZsA2_prim| = 11.86Q |

al'g(ZSAz _prim) = 87@64

|ZsA0_prim| = 39.52Q |

arg(ZSAO _prim) & 87'deé

IZSBl_prim = 6-3?-Q—|

arg(ZSBl_prim) = 83@%

ZSBZ_priml = 6.32(2 '

Iarg(ZSB2_prim) = 83‘deé

|ZsB0_prim| = 19.769 |

arg(ZSBO_prim) = 83{1@4
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D. For the conditions of part A, calculate the effective imedance measured by Rele; Aand
Relay B in terms of secondary values.

e Line to ground element:

G
|\\\ e Assume balanced three phase: Iop rA = 0A Ip rB = 0A
Zro—Zyy
f B e ko = 0.72
l\ . Zyp
..4 VA BUSA LG '
VAG_sec_relayA = —W |VAG_sec_re1ayA| = 6895V

arg(VAG_sec_relayA) = —6.09-deg

VAG_sec_relayA

PR : + ZAG eff RelayA| = 13.88€2 l
IRelayA sec k()-Io aA S
arg(ZAG eff RelayA) = 2.05-deé

e Phase to phase element O'L b&w

—j-120deg

IRelayA_sec phaseB ‘= IRelayA sec'©

) —j-120deg
VAG_secgeIayA _phaseB = VAG_sec_relayA‘e

VAG_sec_relayA - VAG_sec_relayA _phaseB

ZAB_relayA = |ZAB_relaya| = 13.88€ |
IRelayA_sec - IRelayAmsec _phaseB
arg(ZAB_relayA) = 2,05-d€4
Compare to line impedance |ZL1| =50 arg(ZLl) = §2.deg

SRS, a—
e Line to ground element at relay B

VA BUSB LG

VTR |VAG_sec_re1ayB| = 69.09V

VAG sec_relayB ‘=

arg(VAG_secgrelayB) = —26.81-deg ‘

ZAG cff Relays| = 13919 |

VAG_sec_relayB

ZAG_eff RelayB =
IRelayB_sec + ko'To rRB

arg(ZAG_eff Relays) = 161.32-deg

AN
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. —j-120deg
IRelayB_sec _phaseB = IRelayB_sec'e
. —j-120deg
m\ VAG_sec_relayB _phaseB = VAG_sec_relayB'e

'\ e Line to line element at Relay B

=)

VAG sec_relayB — VAG layB_phaseB

_sec_relay! _sec_relayB_phase

ZAB relayB = ZAB relayB| = 13.9102
Y.

/ IRelayB_sec - IRelayB_sec_phaseB

Z larg(ZAB relayB) = 161.32-deg

- A_B'./

e Notrequired for assignment, but to help visualize this result, lets plot these in the impedance plane

e First draw a mho characteristic, and reason the problem out a bit. I'm using Zone 1, set to 80% of the line

«k=0,1.79 o 720 tePS
é W e Create vector:

Z11 ¢ 7y
radMhozonel = 0.8-u offsethhozonel = 0.8 — Lifie, i= 0
- 2 2 "z,
ik \ g
Zonely := offsetyvhozonel + rathozonel-eJ k0.5deg Vh‘w
[t f
\
101
o Im(LineZ) X
Im(Zonel k) )
: : >
Im(ZAG_eff_RelayA) ( -10 0 10
AT 1
Im(ZAG_eff_RelayB) 5 A
;j .
— 10T

Re(LineZ) ,Re (Zonelk) ,Re (ZAG_eff_RelayA) ,Re (ZAG_eff_RelayB)
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E. Suppose a3 phase fault occurs 30% of the way from Bus A to Bus B, do the followmg
(1) Calculate the total fault current and the current seen at Relay A and Relay B in pnmaly

and secondary quantities. ST TR

4

Ziett1 = Zsa1 +0.3-Zy

Zrightl = (1-0.3)-Z11 + Zgp] E‘* ? (

1 1\ =0-5 N
— s N
Zihev! + Zihevt = (0.2 + 1.761) 2
Zieftl  Zrightl

L7 v/

i

e Since we are assuming no load flow, the plefault voltage is the same everywhere in the system.
Therefore:

e Total fault current

Vtault == Esa

e Secondary Amps

V fault
It 3ph_sec = If 3ph seo| = 39.63A | [arg(Ts 3ph_sec) = —83.55-deg
Zihevl
e Primary Amps J/
If_3ph prim = If_3ph_sec'CTR If_3ph _prim| = 9510.52A |

arg(I 3ph prim) = —83.55-deg

—

e Fault current at Relay A
e Secondary Amps first:

e Use current divider

Zrightl

IIf_Rela}'A_3ph_sec = 23.36A I
arg(If_RelayA_:”ph_sec) = —84.5-@

If RelayA 3ph_sec = It 3ph_sec:

Ziefr1 + Zrightl

It RelayA 3ph_prim ‘= If_RelayA_3ph_SCC'CTR |If_RelayA_3ph _priml = 5605.34 A I

arg(If_RelayA_3ph _prim) = —84.5-deé
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A

|VfA_BUSB_3ph| = 108.1-kV

e Note that I used the same source voltage for each since I'm ignoring load flow

e Line to ground element at Relay A:

|VfA_BUSA_3ph| = 66.46-kV

arg(Vea BUSA 3ph) = —2.5-deg

VfA_BUSB_3ph '= BEga _prim — If_RelayB_3p11 _prim'ZSBl _prim

arg (VfA_BUSB_3ph) = —0.19-deg

e Assume balanced three phase fault:  In pa = 0A JoBB. = 0A

VA BUSA_3ph

Vt AG 3ph sec relayA ‘=
SR VTR

Vf_AG_3 ph_sec_relayA

|Vf_AG~3ph_sec_relayA| = 3503V

arg(Vf_AG_3ph_sec_relayA) = -2.5 deg

Zf_3ph_AG_eff_RelayA =
If_RelayA_3phmsec +

e Phase to phase element at Relay A

If_RelayxAn_l'uph_sec _ph B = If_RelayA_3ph_sec'e

Vf_AGjph_sec_relayA _phB = Vf_AG_3ph_secvrelayA'e

Zf 3ph_AG_eff RelayA

= 1.582

k() . IO_RA
arg(Zs 3ph AG cff RelayA) = 82'deg’

—j-120deg

—j-120deg

Vf_AG_3ph_sec_rclayA - Vf_AGﬁ3ph~sec_relayA _phB

Zf 3ph AB_relayA =

If_RelayA_S’ph_sec - If_RelayA_3ph_sec ph B

| Zf_3ph_AB_relayA

= l.SQ|

arg(Zf_3ph_AB_relayA) = 82@%

Compare to line impedance 0.3 |ZL1| =158 arg(0.3-ZL1) = 82-deg

So consistent results
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® Not required for assignment, but to help visualize this result, lets plot these in the impedance plane.
Compare this figure to the one above with the load currents. Note also the change in scale

[ /3

Im(LineZ)

Im(Zonelk)

Im(Zf_3ph_AG_eff_RelayA)
=3¢

Im(Zf 3ph_AG eff RelayB)

FHe=dé
— 4t
Re(LineZ) , Re(Zoneli), Re(Zf 3ph AG eff RelayA)Re(Z¢ 3ph AG eff RelayB)
(4) What Iop and Irt be for a differential element (assume a charging current of 100 A % L
capacitive divided equally between each end), for the fault and load flow of part
% N e] -90deg
I —_—— = 0.21iA “" /
cap_secondary busA CTR Icap_secondary_busA f‘ \

IOOA_ej-90deg

2

Icap_secondary_busB : Icap_secondary_busB = 0.21iA

CTR

 Load flow case (only do for 1 phase since same for all three)

IOP_loadﬂow = IIRelayA_sec + IRelayB_sec + Icap_secondary_busA + Icap_secondary_busB

I0P._oadflow = 0424 | f =0
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