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FIG A2 HigH RATED vOLTAGE BANKS
T EXCITING UNIT BE CONNECTED
IN WYE FOR GRADED INSULATION.
TYPICAL BANKS:
(D IIOMVA, 138KV, +25°
(2)I50MVA, 138KV, rz25°
(35 300 MVA, 138KV, +26%/- 10°
(4) GOOMVA, 230KV, £ 1SS FIXED PLOS T IS° VARIABLE
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FIG A4  SIMILAR TO FiG A2 EXCEPT Two SERIES UNITS For

T Hl@H MVA RATING AND WIDER PHASE ANGLE SW\FT
TYPICAL BANKS t (V360 MVA, 230KV, £ 25.°
(2)BT5MVA,345KV, t25°
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PROBLEMS ON DIFFERENTIAL SCHEME FOR PAR PROTECTION

(A) Require Combined Scheme

The differential scheme is the basic protection for a PAR. However, due to the characteristics and the interlinkage
between phases of the PAR windings, there is no existing differential scheme available for providing full coverage for all the
faults in the PAR as discussed later. A combination of schemes is required for full coverage. The combination depends on the
construction of the PAR, and the feasible locations of the required ct’s.

(B) Series Winding Saturation

The series unit is designed for a rated voltage equivalent to the quadrature voltage at maximum phase angle shift. It is
approximately equal to 2 sin (%)XIOO% of the line to neutral voltage. For example, 2 sin (gg)XIOO% = 45% of the line to
neutral voltage for a+t26° PAR. This low rated voltage plus the impedance characteristic causes the series winding to be
subject to an overvoltage or overexcitation condition on external faults. This may cause the series unit to saturate and in turn
cause undesired relay operation (6). However, the overvoltage problem depends on the characteristics of the series winding
(saturation curve, impedance) LTC tap position, location of the fault, type of the fault, and power system conditions (source
impedance), etc.

A typical case shows that faults on one side of the bank introduce over-excitation to the series unit and false operation to
the relay, but faults on the other side of the bank will introduce no problem. Some other typical cases indicated that there is no
overexcitation problem at all. Therefore, the series winding overvoltage problem should be investigated on an individual basis.

(C) Current in Exciting Unit Affected by LTC Tap Position

The secondary windings of the series unit are connected to the secondary side of the exciting unit. As illustrated in Fig.
2(a) the ratio of the currents in the primary and secondary sides of the exciting unit is proportional to k, which is the exciting
unit turns ratio plus the effect of LTC tap position. However, as shown in Fig. 2(b), since K,=0 when the LTC tap is at neutral
position, the current in the primary side of the exciting unit would be approximately equal to zero, but the current in the
secondary side of the circuit is not. This indicates that the current differential scheme is unsuitable for the exciting unit.

DIFFERENTIAL SCHEMES FOR A PAR

(A) Primary Winding Current Differential Schemes

As shown in Fig. 3, the devices 87E, e.g. type HU-1 relays, one per phase, are intended for overall protection of the series
and exciting units. Fig. 3(a) is the connection of 87E when the exciting unit primary winding is connected in delta. Fig. 3(b) is
the connection of 87E when the exciting unit primary winding is connected in wye. For phase A relay connections, the source
side phase current Is4, load side phase current 1.4 and exciting unit primary side current L. (Fig. 3(b)) or kik. (Isctlic)-
(Iss+1.5)=L. are vectorially applied to the operating circuit. All these currents are in the series unit on the primary side,
therefore, the saturation of the series unit due to overvoltage during external faults should have no effect on the 87E device. In
order to have a wider coverage, one set of ct’s should be located inside the delta-connected exciting unit, as shown in Fig. 3(a),
or should be located at the neutral end of the wye-connected exciting unit, as shown in Fig. 3(b). Therefore, this set of ct’s
should be buried when the PAR is built. It can be difficult dielectrically to bury a set of ct’s inside the delta, and it is suggested
that the PAR manufacturer be consulted before a scheme of this type is considered. As illustrated in Fig. 3(c), the turns ratio
of this set of ct’s should be identical with that of the line side ct’s, thereby the 87E relays can be set at its minimum tap for all
restraint elements to provide the best sensitivity. The 87E relays will cover the faults on series unit secondary circuits except
when the LTC tap is at neutral position as illustrated in Fig. 2. These faults would be covered by the series unit current
differential schemes, device 87S.

(B) Series Unit Current Differential Schemes

The series unit current differential scheme is intended for protecting the series unit and taking care of the blind spot of
87E when the LTC tap is at neutral position. The scheme varies with the construction of the PAR. Fig. 4(a) shows the
connection of device 87S for a delta-connected exciting unit PAR. The ct’s in the series unit secondary side should be located
as close as possible to the exciting unit in order to cover the protection of leads between the units. Ct turns ratio should be
matched with the turns ratio of the series unit, i.e.
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(2) The saturation of a series unit due to overvoltage during external faults may introduce a problem to the relay
scheme. It should be investigated on each individual application.

(3) Some ct’s must be buried inside the PAR. The turns ratio and location of the ct’s must be determined before the
PAR is built.

(4) Whether or not the ground overcurrent relay which is connected at the exciting unit primary side neutral should
be coordinated with the line side ground relays depends upon the construction of the PAR.

NOMENCLATURE
Is Current in source side series unit primary
I Current in load series unit primary
L Current in exciting unit primary

Isa,Iss,Isc Current of Is for phase A, B and C respectively
Ie4,l8,1c Current of I for phase A, B and C respectively
Lea,Les, Lec Current of I, for phase A, B and C respectively

Leoa,leob, Leoc Current of L for phase A, B and C respectively, when TCL tap is at neutral position

e PAR phase shifting angle in degree
ki Per unit turns ratio of series unit
k; Per unit turns ratio of exciting unit including effect of LTC position
Ni,N2,N3 Ct turns ratio
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APPENDIX A. Typical Design of a PAR
The following sketches show the different winding arrangement and current relations.
The phasor relation of currents in PAR are:
i=iz0
iFiL‘l"L
La=k|kz[(isc+ iLC)'(iSB+ iLB)]+ieon
where L.~L.~0,

and k[kz[(isC'*'iLc)—(isa"'iw)]:O
when LTC tap is at neutral position since K,=O

Note, for Fig. A4

i¢a=klk2[(iSC'iSB) G2 (iLC'iLB)]+ieoa
kika[(Isct o) Isat 18)]H Leoa
which is the same as equ. (3).
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