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Introduction

The transformer is arguably one of the key
technologies that led to AC winning over DC in
the contest to distribute electricity across the US
and the world. The concept is easy, but the
details are confusing, which often leads to
incorrectly configured differential protection. In
this paper, transformer configurations, an
example of incorrectly configured differential
protection, and tools to help ensure proper
configuration are discussed.

A single-phase transformer is shown in Figure 1.
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Figure 1. Single-Phase Transformer

Voltage V2 on the secondary side is equal to
Voltage V1 on the primary side multiplied by the
ratio of secondary turns T2 to primary turns Th.
Current |2 from the secondary side is equal to |4
in the primary side divided by the ratio of
secondary turns T2 to primary turns T1. This
example ignores the losses inside the
transformer due to things like winding resistance
and energizing current.
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Three-phase transformers connected in
Wye/Wye configuration are almost as easy to
understand. A Wye/Wye configured transformer
is shown in Figure 2.
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Figure 2. Wye/Wye Transformer

In this configuration, each of the three phases
acts as a single phase. Load on the phase A
secondary is supplied by the current from the
phase A primary. The magnitude of voltage on
the phase B secondary is dependent on the
magnitude of voltage on the phase B primary.

Even with a Delta/Delta connection, as shown in
Figure 3, things remain fairly straightforward.
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Figure 3. Delta/Delta Configuration

For the Delta/Delta configuration, the reference
voltages are Vap, Vbe, and Vca instead of Va, Vb,
and V.. This adds the constraint that Vab + Ve +
Vea must equal zero. With Wye/Wye, Va could go
to zero without affecting Vc. With Delta/Delta, Vab
cannot go to zero without affecting Vca. Still,
voltage in is equal to voltage out scaled by the
turns ratio and the same is true for current.

Things are more complicated when transformers
are connected in Wye/Delta or Delta/Wye
configurations as shown in Figure 4. Early in my
career, | would remain quiet when there were
discussions about Delta/Wye transformers.
Others seemed to understand the details behind
the 30-degree phase shift, however, | have
realized that many others did not understand as
well. This lack of understanding has led to many
incorrectly configured differential relays and has
made it difficult to take advantage of the data in
modern protective relays to help identify and
correct the protection configuration.
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Figure 4. Delta/Wye Configuration

Identify Transformer Configurations

For Delta/Wye and Wye/Delta transformers
there are 2 most common configurations out of a
possible 24. To properly set up differential
protection, the transformer’s configuration must
be understood. Connecting three single-phase
transformers as Delta/Wye is explored in the
following example.

The transformer configuration is a simple
isolation transformer with a ratio of 1:1. This
means the line-to-line voltage on each side of
the transformer is equal. Because the
transformer is connected line-to-line on the delta
side and line-to-neutral on the wye side, the
single-phase transformer has a 1.732:1 ratio to
give a 1:1 voltage ratio for the rated line voltage.
Figure 5 shows phase A of the transformer.

Delta/Wye
1.732:1

Hy X1
Phase A ‘Fi ~—@&—— Phase A

PhaseB —e— é&— Neutral
H, Xz

Figure 5. Phase A of a Delta/Wye Transformer
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On the wye side of the transformer, X1 is
connected to phase A and Xz is connected to
neutral. On the delta side, H1 is connected to
phase A. Because there is no neutral on the
delta side, H2 must be connected to one of the
other phases. In this example, it is connected to
phase B. The windings for phase B and C are
connected in a similar manner and the
completed assembly is shown in Figure 6.

Delta/Wye
1.732:1

Phase A e~ Phase A

Phase B & & PhaseB

~—e—@ Neutral

Phase C ——— Phase C

 Neutral

Figure 6. Delta/Wye Transformer

This configuration rotates the delta voltage in a
lagging direction as shown in Figure 7. Vag on
the delta side of the transformer equals Va
scaled by the turns ratio of the transformer
winding.

Delta

Figure 7. Delta Voltage Lagging

This connection tells us something about the
current as well. Current flowing out of phase A
on the delta side is the current flowing in the
delta phase A winding minus the current flowing
in the delta phase C winding.

This is one of two very common connections
when building transformers and is often
described as having the delta side lagging 30

degrees. The other common configuration is
with H2 of phase A connected to phase C
instead of phase B. This results in the delta side
rotating in a leading direction as shown in Figure
8 and this is often described as having the delta
side leading by 30 degrees.

Delta

Figure 8. Delta Voltage Leading

The description of lagging by 30 degrees and
leading by 30 degrees is convenient, but can be
a point of confusion that will be explained later in
this paper. Although the most common
connection for Delta/Wye transformers is leading
or lagging by 30 degrees, they can be built to
lead or lag by any multiple of 30. Figure 9 shows
a transformer with the delta side connections
shifted by one phase which makes the delta side
lag by 150 degrees.

Delta/Wye
1.732:1
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Figure 9. Delta/Wye Transformer with Delta Lagging
by 150 Degrees

The IEEE Standard C57.12.70-2011 provides a
basis for identifying and labeling Wye/Wye,
Delta/Wye, and Wye/Delta transformers, among
other things. Transformers are assigned a code
based on the winding type of the primary, the
winding type of the secondary, and the angle by
which secondary lags the primary in multiples of
30 degrees. For example, the transformer in
Figure 8 is identified as a Dy1. The primary is
delta(D), the secondary is wye(y), and the
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secondary lags by 30 degrees (1x30=30). The
transformer in Figure 7 is identified as a Dy11.
The secondary side leads by 30 or lags by 330
degrees, therefore the number used in the
identifier is 11 (11x30=330). The angle
descriptor always references the degrees by
which the secondary lags the primary in units of
30. Although any multiple of 30 degrees is

possible, 30 degrees leading or 30 degrees
lagging are the most common. Table 1 shows
four such configurations. IEEE Standard
C57.12.00-2000 states that transformers should
be connected so that lower voltage lags the
higher voltage. This means that a step-up or
step-down transformer identifier should end in
“17.

Table 1. Common Transformer Configurations

Dyl

b
B
& a
A C
c

Used for applications where
low voltage side is wye
configured. Wye lags delta by
30 degrees.

Ydl

8 b
b
a ]
c
A C

Used for applications where
low voltage side is delta
configured. Delta lags wye by
30 degrees.

Beyond Labels: What Does the Math
Say?

Now that the transformer types have been
described, the simple example shown in Figure
10 may be explored. A generator operating at
480 V is connected to the distribution system by
a 480 V to 13.2 kV Wye/Delta transformer.

[re 27
( > } %E 3¢
¢ 3¢
480:13.2kV 13.2kV:208
Yd11 Dyl

Figure 10. Distribution System Example

Following IEEE convention, the 480 V side lags
the 13.2 kV side by using a Yd11 transformer.

Table 2. Voltage and Current for Generator,

On the load side, the distribution is connected to
the load by a 13.2 kV to 208 V Delta/Wye
transformer. Following IEEE convention, the
208 V side lags the 13.2 kV side by using a Dy1
transformer. Table 2 shows the voltage and
current of the generator, distribution, and load
for a balanced system. Consistent with the Yd11
and Dy1 definitions, the distribution leads the
generator by 30 degrees and the load lags the
distribution by 30 degrees. At this point, it
appears to follow the equations from Figure 1.
The step-down transformer is 13.2kV:208V or
63.5:1. The magnitude of the current measured
on the transformer delta side is equal to 27.5
times the current on the wye side and the angle
is different by 30 degrees. It is easy to mistake
the relationship for the equation in Figure 1 with
the addition of a 30-degree phase shift.

Distribution, and Load in a Balanced System

Generator Distribution Load
Vpp Vpn | Vpp Vpn | Vpp Vpn |
Mag. | Angle | Mag. | Angle | Mag. | Angle| Mag. | Angle | Mag. | Angle | Mag. | Angle | Mag. | Angle | Mag. | Angle | Mag. | Angle
Phase A | 480 | 30 | 277 0 216.7| 0 |13.2kv| 60 | nfa | n/a |7.87| 30 | 208 | 30 | 120 0 500 0
PhaseB | 480 | 270 | 277 | 240 |[216.7| 240 |13.2kv| 300 | n/fa | n/fa | 7.87 | 270 | 208 | 270 | 120 | 240 | 500 | 240
phaseC | 480 | 150 | 277 | 120 |216.7| 120 J13.2kv| 180 | n/a | n/a | 7.87 | 150 | 208 | 150 | 120 | 120 | 500 | 120
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To demonstrate how this is not accurate, the
same system is evaluated with a single-phase
load. Table 3 shows that a single-phase load of
500 A at 0 degrees on phase A results in 4.54 A
at 0 degrees flowing in phase A of the
distribution. In table 2 the ratio of load current to
distribution current is 63.5:1, whereas in table 3

the ratio is 110:1. Phase A in table 2 shows a
30-degree phase shift that is not present in table
3. The most apparent difference is that phase C
of distribution has 4.54 A flowing even though
there is no phase C load. Clearly, the currents in
the distribution are not a result of load current
divided by the ratio of the line voltages.

Table 3. Voltage and Current for Generator, Distribution, and Load with a Single-Phase Load

Generator Distribution Load
Vpp Vpn | Vpp Vpn | Vpp Vpn |
Mag. | Angle | Mag. | Angle | Mag. | Angle| Mag. | Angle | Mag. | Angle | Mag. | Angle | Mag. | Angle | Mag. | Angle | Mag. | Angle
Phase A | 480 | 30 | 277 0 1442| 0 |13.2kv| 60 | n/a | nfa |454| O 208 | 30 | 120 0 500 0
phaseB | 480 | 270 | 277 | 240 |72.07| 180 |13.2kV| 300 | n/a | n/a 0 n/a | 208 | 270 | 120 | 240 0 n/a
Phase C | 480 | 150 | 277 | 120 |72.07| 180 |13.2kv| 180 | n/a | n/a | 4.54 | -180 | 208 | 150 | 120 | 120 0 n/a

With a balanced three-phase load, the currents
appear to follow the inverse of the ratio of the
line voltages, however, the same is not true
when the load is single phase. To understand
why, a closer look at the transformer is needed.
A typical Dy1 transformer is shown in Figure 11.

5 Delta
7_‘? Ve Vg Va
A C
e om M
Dyl ~ v A A
b X3 X2 X1 X0
; V. Ve v, N
¢ Wye

Figure 11. Typical Delta/Wye Transformer

The transformer is labeled as 13.2kV:208Y120.
The phase A voltage on the delta side, Vas, is
connected phase-to-phase at 13.2 kV. The
phase A voltage on wye side, Va, is connected
phase-to-neutral at 120 V. This means the
windings of the transformers have a 110:1 ratio
instead of the approximate 63.5:1 ratio of the
system voltage. This also means that current
flowing into H1 is equal to the current flowing out
of X1 divided by 110. The phase A current on
the wye side is the current from X1. On the delta
side, the phase currents are not supplied by a
single winding on the transformer. Phase A
current on the delta side is a combination of the
current in the Va winding (H1) minus the current
in the Ve winding (H2). This configuration is also
commonly labeled as DAB, which can be a

helpful mnemonic device: the current from the
Delta side is A minus B. Table 4 shows the
mathematical relationship between currents and
voltages on this step-down transformer.

Table 4. Voltage and Current Relationships in a
Step-Down Transformer

Voltage Current

Vaga = —Vay X 110 Lia = gy — Ipy) + 110

Veca = —Vpy X 110 Igpa = (Iyy — Iy) =110

Vean = —Vey X 110 Icn = (Iy — Ipy) + 110

Given this information, current in the single-
phase load may be verified. The load is 500 A at
0 degrees on phase A. From Table 4, |a on the
delta side is shown in Equation 1.

Ipp = (ay — Ipy) + 110
Equation 1.

Because Iyy is equal to zero:
Iyp = (Ipy — 0) = 110
Iyp = 4.54@0
From Table 4, I, is shown in Equation 2.
Iea = (Iey — Iay) + 110
Equation 2.

Because I.y is equal to zero:
Ica = (0= 1) =110
Ican = 4.54@180
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These equations produce the single-phase load
currents as shown in Table 3. Next, these
equations are tested with the results from the
3-phase loads (Table 2). In the 3-phase load
example, 500 A on each phase results in 7.87 A
on the delta side of the step-down transformer.
Using the current equations from Table 4, |a on
the delta is shown here:

Lix = (500@0 — 500@240) + 110

The subtraction is shown graphically in
Figure 12.

lay=500@0

lay - lby= 866@30

lyy=500@240

Figure 12. Ia on Delta Side

Putting these results back into the equation for /4
on the delta side gives the following results.

Lix = 866@30 + 110
s = 7.87@30

With the three-phase load, the equation
provided the expected result again.

Figure 13 shows the details of the transformer
between the generator and the distribution
system. This transformer is a Yd11. Note that
this looks the same as the transformer shown in
Figure 11.

Delta

Ve Vg Va
L\

LD B M

b X3 X2 X1 X0
a Vc Vb Va N
¢ Wye

Figure 13. Wye/Delta Transformer

In this case, the wye side is 480 V instead of
208 V. As mentioned above, IEEE Standard
C57.12.00-2000 states that voltage on the low
side should be lagging. Thus, the transformer
configuration is the same whether stepping up
with a wye-to-delta or stepping down with a
delta-to—wye. The difference is in the step—up
transformer, the wye side is identified as primary
so the transformer is Yd11. In the stepdown

transformer, the delta is the primary so the
transformer is Dy1. Table 5 provides the current
and voltage relationships for the step-up
transformer.

Table 5. Voltage and Current Relationships in a Step-
up Transformer

Voltage Current

VABA = —be X 47.6
Vaca = —Vey X 47.6

Ian = (ay — Ipy) +47.6
Iga = (py — Iey) +47.6

Vean = —Vay X 47.6 Iea = Iy — Ipy) ~ 47.6

Because the two transformers are the same
except for ratio, it may seem as though the
phase A generator current should be the same
as the phase A load current with the exception
of the scale. However, that is not entirely
accurate. Using the current equations from
Table 5, let’s look at the generator current
resulting from the single-phase load identified
earlier. The equations are shown below.

Lin = (Lyy — Ipy) = 47.63 = 4.54@0
Ign = (Lyy — Iy) = 47.63 =0
Iepa = (y — Ipy) + 47.63 = 4.54@180

This is more complicated than before, when the
wye currents were known and the delta were
being solved for. Ib and Ic from the wye side
must be equal in magnitude and angle. As long
as that condition is met, for any magnitude of Ip
on the wye side there is a magnitude of la on the
wye side that satisfies the equation. From a
classical three equations and three unknowns
approach this means I, Iz,, and I-pare not
independent equations. To solve for Iy, all
three equations must be rewritten.

The first equation is rewritten as:
Ly = I,y — 216.2@0
The second equation is rewritten as:

Ipy = Iy

The third equation is rewritten, after substituting
Ilpy for Iy to be:

Ly = Iy + 216.2@180

Because +216.2@180 and -216.2@0 are equal,
the first and third equations are slightly different
forms of the same equation. This means a third

equation is still needed. The final piece of
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information is that a delta-connected distribution
cannot provide a zero-sequence load to the
generator. This means the zero-sequence
current on the generator is zero, which adds the
following equation.

IaY+IbY+IcY = 0

Now there is enough information to solve the
problem. Following the equations for /.y and Iy
are substituted to get the following equation.

216.2@0 + 31,y = 0
Ly = Iy = 72.07@180
Iy = 144.1@0

At the beginning of this section, the transformers
were identified as Yd11 and Dy1. With these
labels, the relationship between the delta side
and the wye side appeared to be explained by a
simple 30-degree shift leading or lagging.

However, after analyzing unbalanced loads on
the example system, it is obvious that this is an
oversimplification. Current on the delta side of a
transformer is a combination of two currents
from the wye side. The magnitude and angle of
the wye side currents determine the angle of the
delta side currents. When the magnitudes and
angles are balanced, the delta current is shifted
by plus or minus 30 degrees. When the
magnitudes and angles are not balanced, the
current magnitude and angles must be
calculated. Table 6 provides the equations for
Dy1, Dy11, Yd1, and Yd11 at any turns ratio. As
seen previously, additional constraints may
apply. Delta currents, when summed, must
equal zero. Depending on the system
configuration, wye currents, when summed, may
have to equal zero as seen in the generator
currents in the example.

Table 6. Voltage and Current Equations for Wye/Delta and Delta/Wye Transformers

Transformer Type Phase Voltage Current
Dy1 A Vapa = —Viy X NXV3 | Iop = (Iay — Lyy) + (N X /3)
or DAB B Voer = —Vey X NXV3 | Iy = (Ipy — Iey) + (N % /3)
Ydi11 c Vear = —Vay X NXV3 | Iy = (Ioy — loy) = (N x/3)
Dy11 A Vabs = Vay X N x V3 Ioa = (lay — Ley) + (N X 4/3)
or DAC B Vpea = Voy X N X V3 Ipa = (Iyy — Iay) + (N X /3)
Yd1 Cc Vean = Vey X N x V3 Iea = (oy — Iyy) + (N x/3)

N is the ratio of the line to line voltage on delta side of transformer to line to line voltage on wye side.

The proper equations to produce the current and
voltage relationships for wye/delta transformers
have been evaluated. Although developing
equations can be difficult, using them is
relatively easy. In the next section, the equations
in Table 6 are used to check and correct some
settings on a transformer differential relay that
trips when the load is increased.

Troubleshooting Differential
Configuration
In this example, a small power plant has a

transformer with differential protection that is
configured as shown in Figures 14 and 15.
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Transformer Setup

Transformer Circuits Transformer Taps
CT Circuit 1 CT Circuit 2 Tap Calculation Mode
Transformer Connection Transformer Connection
B0 v UNYE hd MVA Rating
Ground Compensation Ground Compensation 200 Calculate Taps
Differential Circuit Differential Circuit CT Circuit 1 CT Circuit 2
0.46 13.80
Polarity Polarity

6.00 2.00

Phase Relationship Phase Relationship

=
A

=
A

CT Settings (Set on Sensing Transformers View)

IEC Transformer Setup CT Circuit 1 CT Circuit 2
CT Connection CT Connection
WYE WYE
Phase CT Ratio Phase CT Ratio
200 20

Figure 14. Relay Settings: Transformer Setup

Power Sysiem

Nominal Settings Power Line Parameters 67-1 Maximum Torque Angle
Frequency Positive Sequence Impedance Paositive Sequence
’Eﬂ Hz "] Z1 Line Magnitude (Ohm) Z1 Angle (%)
Secondary Phase Voltage (V) 24.00 800
69.30 Vpn Z1 Line Angle (%)
Zero Sequence
Secondary Phase Current CT1 (4) 80.0
0 Z0 Angle (%)
. Zero Sequence Impedance “00
Secondary Phase Current CT2 [4)
5.00 Z0 Line Magnitude (Ohm) Negative Sequence
8.00
Secondary Aux Voltage (V) Z2 Angle (%)
£9.30 pn Z0 Line Angle (7) 200
80.0

Power Paolarity

Nomal - . 67-2 Maximum Torque Angle
___ l Line Length B B =
'ositive uence
Ph Rotation Set Line Length : I =4
ase Rotation Setu Z1 Angle (7)
_ P 100.00 Sl
Rotation 20.0
ACB -
Zero Sequence
Z0 Angle (%)
80.0
Negative Sequence
Z2 Angle (%)

=
80.0

Figure 15. Relay Settings: Power System
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The system is identified as using ACB rotation.
The transformer steps up from 460 V to 13.8 kV
with DAC for the 460 V winding and WYE for the

to approximately 85 A on the wye side, the relay
tripped on differential. The plant is over 100
years old, so some of the drawings are incorrect,

13.8 kV side. As previously discussed, this
means the transformer is connected so that
phase A current on the delta side is from the
phase A current minus phase C current on the
wye side. This is also known as the Dy11

and some do not exist altogether. The customer
first suspected they may have CTs flipped, but
they sought assistance in determining if that was
the true cause. Figure 16 shows a few cycles of
fault and pre-fault waveforms for delta and wye

configuration. When the transformer was loaded current.
CH[4] «] | Title RMS InstPeak  Phase
|14 Delta 2565466 -37E3403 357418
IEDelta  2672.088 391695  118.325°
Pre-Fault —
ICDelta 2593433 3741730 239.857°
& 'wye 84767 120433 Moz
IB'wye  57.528 126645 327733
IC'wye 8618 121989 90674
1
— -7 Ted ' T4 7 =T T4 7 Oms E '

Figure 16. Fault and Pre-fault Waveforms for Wye and Delta

At first glance, the waveforms more closely resemble those of an added load than a faulted transformer.
The waveforms are pretty clean and there is little, if any, change in phase relationship from pre-fault to
fault currents. Because of this, incorrect settings that describe the transformer and CT configuration are
suspected. They are Transformer Connection, Polarity, Phase CT Ratio, and Tap. Previously, the current
on the delta side of a transformer was shown to be a composite of the currentin A and B, or Aand C
depending on the transformer configuration. Thus, when comparing the currents in and out of the
transformer, the difference must be considered. In the relay, that setting is named Transformer
Connection. The normal CT connection for differential applications is with polarity away from the
transformer. Differential will work correctly with both polarities towards the transformer. However, if one
side is towards and the other side is away the relay the differential will not work correctly. With modern
relays, flipped CTs can typically be resolved by adjusting settings, but some may require the CTs to be
rewired. Ideally, the Phase CT Ratio scales the current on both sides to be equivalent at the secondary
side, but conflicting requirements often prevent that from happening. The Tap setting is used to effectively
balance the CT secondary currents. The Phase CT Ratio and the Tap must be set correctly together in
order to properly compare transformer currents.

Figure 17 shows a phasor representation of the delta and the wye current after the relay picked up.
Because the delta side current is approximately 30 times the wye side current, it is not practical to show
these as primary currents. The phasors are shown scaled by the rating of the transformer, which is 2
MVA.
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Current

1.05@93"“ c

/\3@330°
c/04@242” 1.01@213° B

Delta Wye

Figure 17. Delta and Wye Current Phasor
(After Relay Pickup)

When connected normally, with both polarities away from the transformer, the current measured on the
delta side is 180 degrees from the current measured on the wye side in addition to an angle shift caused
by the transformer. In Figure 17, phase A delta is at 0 degrees and phase A wye is at 213 degrees
(180+33). Looking at phases B and C, there is a 209 and 211 degree shift respectively between the wye
and delta sides as well. This shows that the CTs are connected as expected and the relay does not have
a flipped CT. The figure also shows that phase C is lagging phase A by about 120 degrees followed by
phase B at about 240 degrees. This confirms that the system has ACB rotation as identified in Figure 15.
It does introduce some confusion though. With the 180-degree shift taken into account, the wye side of
the transformer is leading the delta side by about 30 degrees. From the previous table, this a Dy11. At
this point, one may wonder whether the definition holds true for reverse rotation. There are not many ACB
systems and most standards are not very clear on this subject. The IEEE standards mentioned previously
do not address reverse rotation. With the lack of system documentation, it is unclear if the transformer
was connected in accordance with the standard. So, it is best to follow the math. The phase A current on
the delta side must be a result of the difference of two currents on the wye side. The most common
choices are A — B and A — C. Figure 18 shows the currents for phase A delta, phase A — B wye, and
phase A — C wye. For now, the phasors remain scaled by the 2 MVA rating.

Current
Delta Phase A 1.02@0°
Wye Phase A—Phase ~ oo@wv’
/
/
/
/
Wye Phase A — Phase C /
/
/
/
/
/

1.79@244°/

Figure 18. Phase A Delta, Phase A-B Wye, and Phase A-C Wye Currents

One of the resulting wye-side phasors should be 180 degrees opposite of the delta-side phase A phasor.
It is confirmed that the A — B current from the wye side of the transformer is 181 degrees opposite of the
phase A current from the delta side. This means that the transformer is connected as DAB. For
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completeness, the DAB current calculations from Table 6 are performed. The calculated delta currents
should be very close to the measured delta currents shifted by 180 degrees.

N = 460 + 13800 = 0.03
lay = (84.8@212.8 — 87.8@330.3) + (0.03 x ,/3)
la, = 2556@181
Ib, = (87.8@330.3 — 88.6@93.3) + (0.03 x ,/3)
Iby = 2685@ — 58
Icy = (88.6@93.3 — 84.8@212.8) + (0.03 X /3)
Icy = 2594@64

Table 7 shows the calculated delta currents as well as the measured delta currents.

Table 7. Calculated and Measured Delta Currents

Delta Currents
Measured Calculated
Phase A 2565@0 2555@181
Phase B 2678@121 2685@-58
Phase C 2598@242 2594@64

Each of the calculated currents are within 1% and 2 degrees of the measured current. If the incorrect
equations were selected, the angles would be off by about 60 degrees as seen in Figure 18. The results
show, with certainty, that the setting in Figure 14 that shows the delta side of the transformer as a DAC is
incorrect. The DAC setting contributed to the unexpected trip, so the setting should be changed to DAB.
However, that may not be the only cause of the nuisance trip. Phase CT ratios and taps should be
evaluated as well. The relay software is capable of calculating recommended taps using the transformer
voltages, CT ratios, and transformer MVA rating. The following equation confirms that the CTs and tap
settings used creates an equivalency between the delta and wye side currents.

Vo X CTp X Tapy, = Vy X CTy X Tapy
460 x 800 x 6 = 13800 x 80 x 2
2208000 = 2208000

This proves that the combination of CT and tap settings match the system configuration. Changing the
circuit 1 transformer connection from DAC to DAB solves the problem and the transformer should be able
to be loaded without tripping.
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Summary

o Wye/Delta and Delta/Wye transformers are
more complicated than Wye/Wye and
Delta/Delta transformers.

e Many people do not have a good
understanding of Delta/Wye transformers.
Do not be shy about asking for help.

e Thirty degree leading and lagging provides a
good way to identify transformers, but may
cause confusion in understanding them.

e Each phase current from a delta winding is
the result of two phases from the wye
winding.

¢ Incorrect transformer definition can result in
unexpected differential trips.

e Using the Delta/Wye equations can be
helpful when evaluating and correcting a
differential configuration.
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