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Transformer Protection Example

N
\5\ a) Consider the transformer shown. The transformer is protected by a digital current differential
o transformer relay. During routine maintenance a technician accidentally shorts out the C-phase CT

on the HV side, determine whether the differential elements will operate and if so which “phase
“differential elements will operate.

Both set of CT are connected in wye (star). The matrix compensation is set so that correct phase
correction is achieved. The TAP is set so that under full load conditions a one per unit “phase
current” exists.

LZ27

40MVA
200/5 169/13.8 KV 2500/
100200 —— ?/ﬁ“ 22ABL a0 ——e
100/ 120° — )_,\ A z 12246, 150°
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1002120° —— 1224690 —»

MVA = 1000kW

Srated := 40MVA Vav = 169kV Viy = 13.8kV
200
CTRHV = T CTRHV =40
2500
CTRLV = T CTRLV = 500
=~ ’4 - e -
.:41‘\)Wu T \\
L Srated
Y j Tapyy = Tapyy = 3.4163 A
y X V/3-Vigy-CTRpy
P n;\‘ rm— « ;
™ ‘\ T Srated 3
@ TapLV = ] Tava = 3.347A
V3VLy-CTRLy |
1 0 -1 100
1
MAT{;=—+-1 1 0 MATy =10 1 0
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(27 2

2 =1 -1 1 -1 0
1 1
MAT); = 3 -1 2 =l MAT; =—] 0 1 -1
3
~1 -1 2 10 1
e Primary Currents
In Hv = 100A-¢ 248 o Ly = 1224.6A.¢ 1300
IB_HV - ]OOAC—JIZOdeg Ib_LV = 12246ACMJ150deg

I, Ly = 1224.6A.¢ 208
- r ) ]

IC;HV &S IOOA-ej.lzodeg
A \ & 1& 1) v
1 \)@w "

R AN
® Uncorrected CT Secondary Currents C 0 (! f N cX
" "Q
q
IAHV_sec IA_HV IaLV_sec \ Ia_LV
1 ' 1
IBpy = I8 nv Ibpy =[(-1 1 1o Lv
e CTRyy - e ( /)} CTRyy -
ICHY sec Ic nv oLy sec L Lv

/ ‘/; | 3 e Note the (-1), the diagram doesn't have the
( \f\ LV side current matching the CT polarity

(A

® Corrected currents for relay

IAH\LCO)‘ IAHV_sec IALV_cor IaLV_sec
1
IBHV_cor = ‘MAT;- IBHV}@C IBLV_cor = T ‘MAT)- IbLV_sec
apHv apLv
ICHV_cor ICHV_se:c ICLV_cor ICLV_sec

e Operate and Restraint Current

Phase A: @ R gun

I0P4 = [IARY cor +1ALY cor RTAA = [IA# cof + [TALY cor

g

0P, = 2.252x 107° IRTAA = 1.464
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D hase B
. IOPg := [IBuy cor + IBLY cor IRTAg := |IBuy corf| + |IBLY cor|
N\
r 0P = 25535 10> IRTAp = 1.464
[\) Phase C:
_\3 IOP¢ := ICHV_cor+ ICLV_corl IRTA¢ = IICHV_corI + IICLV_cor|
I0Pc = 2.252x 10" ° IRTAc = 1.464
)
e Alternate approach k \\ // \‘k
‘\ |
IAHV_cor IAHV_sec ; IALVﬁcor IaLV¥sec
1 | 1
IBHV_cor = ‘MAT - MAT- IBHV_sec ’ IBLV%cor = "‘MAT;- IbLV_sec
apHv | Tappy
ICHV_cor @ ICHV_sec [ ICLVﬁcor ICLV_sec
7000 opnl )
e QOperate and Restraint Current
Phase A:
TOPA := |TAHY cor +IALVY cor IRTAA = [TARY cor| + [TALY cor
[OP, = 2.252x 10 ° IRTAL = 1.464
Phase B:
IOPg := |IBuy cor + IBLY cor IRTAg = |IBay cof| + |[IBLV cor|
[OPg = 2.252x 10 ° IRTAp = 1.464
Phase C:
IOPc := [ICHY cor +ICLV cor IRTAc = [ICHY cor| + [ICLV cor
I0Pc = 2.252x 107 ° IRTAC = 1.464
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Repeat with the phase C CT shorted on the HV side:
e Uncorrected CT Secondary Currents

IAHVgsec IA_HV IaLV¥sec Ia_LV
1 1
1By = | T Ibpy = (=1) 11p Lv
,{:) ST CTRyy | Y see | = C0 oy 1
’\j ICHV_sec 0 ICL\/_sec IchV
\j v e Note the (-1), the diagram doesn't have the
' (}\ je \o LV side current matching the CT polarity
e Corrected currents for relay ;’\
IAHY cor IAHV_sec IALV_cor lapy sec
1 1
IBHVJ::or = ‘MATq;- IBHV_sec IBLVﬁcor = ‘MATy- IbLV_sec
Tapgy Tapry
ICH\/_cor ICHV_sec ICLV_cor ICLVﬁsec

e Operate and Restraint Current, with shorted CT

Phase A:
I0PA = |TIAHY cor + ALY cor IRTAA = |TARY cor| + [TALY corf
IOPA = 0.422 IRTA4 = 1.154
Phase B: |
IOPg := |IBhy cor + IBLV cor IRTAp = |IBay corf| + |IBLY cor|
0Py = 2.252x 107 ° IRTAp = 1.464
Phase C:
IOP¢ := |ICHY cor + ICLV cor| IRTAc := [IChy cor| + [ICLV corf

IOPc = 0.422 IRTAc = 1.154
e Due to the delta winding (and correction matrix) two of the differential elements respond.
Check the ratio of IOP to IRTA:

IOP 4
IRTAA

= 36.602-% So if the relay slope is set larger than 36.602% the relay will not
— operate for this condition. Otherwise it will operate.
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r/"*.
~ e Alternate approach

2N

: IAHV_cor IAHV¥sec IALV cor IaLVﬁsec

1 1

[\* IBHVgcor = ‘MATI 2 MAT): IBHV_sec IBLV_cor = 'MATl' IbLV_sec
D Tapyy — Tapry
f\} ICHV_cor ICHV_sec ICLV_cor ICLV_sec

e Operate and Restraint Current, with shorted CT

Phase A:
I0PA = [TAny cor+IALY cor IRTAA = [IABY cor + [TALY co
IOP, = 0.244 IRTA4 = 1.377
"Phase B:
IOPg := |IBhy cor + IBLY cor IRTAB := |IBuy cor| + [IBLY cor
IOPg = 0.244 IRTAg = 1.377
Phase C:
IOP¢ = 7IV¥CHV_cor + ICLV_corl IRTAc = IICHV_cor‘ + IICLV}orI
' i g
( 10Pc=0488 IRTAG = 0.976

e Due to the delta winding (and correction matrix) two of the differential elements respond.

Check the ratio of IOPC to IRTC and IOPA to IRTA:

. I0Py
= 17.712-%
« IRTAy,
i IOPc Note that the error is more significant in this case because the
(\\ IRTAc P.996-% shorted CT was on HV side, and we are no longer scaling the

current down as much.

So if these correction matrices are used, the relay slope need to
be set larger than50% the relay so the relay not operate for this
condition. Otherwise it will operate.
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