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CASE STUDY ON ABNORMAL PARALLELING OF TRANSFORMERS

For parallel connection of transformers, primary windings of the transformers are connected to source bus-bars and
secondary windings are connected to the load bus-bars. Various conditions that must be fulfilled for the successful
parallel operation of transformers are

Same voltage ratio and turns ratio (both primary and secondary voltage rating is same)
Same percentage impedance and X/R ratio.

Identical position of tap changer

Same KVA ratings

Same phase angle shift (vector group are same)
Same frequency rating

Same polarity

e  Same phase sequence.

[ ]
Some of these conditions are convenient and some are mandatory. The convenient are same voltage ratio and turns
ratio, same percentage impedance, same kVA rating, and same position of tap changer. The mandatory conditions
are same phase angle shift, same polarity, same phase sequence and same frequency. When the convenient
conditions are not met, paralleled operation is possible but not optimal.

EXPLANATION:

Let’s examine following different type of case among impedance, ratio and KVA.

If single-phase transformers are connected in a Y-Y bank with an isolated neutral, then the
magnetizing impedance should also be equal on an ohmic basis. Otherwise, the transformer
having the largest magnetizing impedance will have a highest percentage of exciting voltage,
increasing the core losses of that transformer and possibly driving its core into saturation.

Case 1: Equal Impedance, Ratios and Same kVA

The standard method of connecting transformers in parallel is to have the same turn ratios,
percent impedances, and kVA ratings. Connecting transformers in parallel with the same
parameters results in equal load sharing and no circulating currents in the transformer windings.

EOOxample: Connecting two 2000 kVA, 5.75 percent impedance transformers in parallel, each
with the same turn ratios to a 4000 kVA load.




Loading on the transformers-1 =KVA1=[( KVA; /| %Z) | (KVA1 | %Z;)+ (KVA;, | %Z,))] X
KVA,

kVA; = 348 / (348 + 348) x 4000 kVA = 2000 kVA.

Loading on the transformers-2 =KVA;=[( KVA | %Z) | (KVA1 | %Z;)+ (KVA; | %Z,))] X
KVA;

kVA, = 348 / (348 + 348) x 4000 kVA = 2000 kVA
Hence KVA1=KVA2=2000KVA
Case 2: Equal Impedances, Ratios and Different kVA

This parameter is not in common practice for new installations, sometimes two transformers
with different k\VAs and the same percent impedances are connected to one common bus. In this
situation, the current division causes each transformer to carry its rated load. There will be no
circulating currents because the voltages (turn ratios) are the same.

Example: Connecting 3000 kVA and 1000 kVA transformers in parallel, each with 5.75%
impedance, each with the same turn ratios, connected to a common 4000 kVA load.

Loading on Transformer-1=kVA1 =522 / (522 + 174) x 4000 = 3000 kVA
Loading on Transformer-1=kVA2 = 174/ (522 + 174) x 4000 = 1000 kVA

From above calculation, it is seen that different k\VA ratings on transformers connected to one
common load, that current division causes each transformer to only be loaded to its k\VA rating.
The key here is that the percent impedance is the same.

Case 3: Unequal Impedance but Same Ratios & kVA

Mostly this parameter is used to enhance plant power capacity by connecting existing
transformers in parallel that have the same kVA rating, but with different percent impedances.
This is common when budget constraints limit the purchase of a new transformer with the same
parameters. It is important to understand that the current divides in inverse proportions to the
impedances and larger current flows through the smaller impedance. Thus, the lower percent
impedance transformer can be overloaded when subjected to heavy loading while the other
higher percent impedance transformer will be lightly loaded.

Example: Two 2000 kVA transformers in parallel, one with 5.75 per cent impedance and the
other with 4 per cent impedance, each with the same turn ratios, connected to a common 3500
kVA load.

Loading on Transformer-1=kVA; = 348 / (348 + 500) x 3500 = 1436 kVA
Loading on Transformer-2=kVA, =500 / (348 + 500) x 3500 = 2064 kVA

It can be seen that because transformer percent impedances do not match, they cannot be loaded
to their combined kVA rating. Load division between the transformers is not equal. At below
combined rated kVA loading, the 4% impedance transformer is overloaded by 3.2%, while the
5.75% impedance transformer is loaded by 72%.

Case 4: Unequal Impedance & KVA Same Ratios




This particular of transformers used rarely in industrial and commercial facilities connected to
one common bus with different kVA and unequal percent impedances. However, there may be
that one situation where two single-ended substations may be tied together via bussing or cables
to provide better voltage support when starting large load.

If the percent impedance and kVVA ratings are different, care should be taken when loading these
transformers.

Example: Two transformers in parallel with one 3000 kVA (kVA;) with 5.75 per cent
impedance, and the other a 1000 kVA (kVA;) with 4 per cent impedance, each with the same
turn ratios, connected to a common 3500 kVA load.

Loading on Transformer-1=kVA;= 522 / (522 + 250) x 3500 = 2366 kVA
Loading on Transformer-2=kV A, = 250 / (522 + 250) x 3500 = 1134 kVA

Because the percent impedance is less in the 1000 kVA transformer, it is overloaded with a less
than combined rated load.

Case 5: Equal Impedance & KVA Unequal Ratios

Small differences in voltage cause a large amount of current to circulate. It is important to point
out that paralleled transformers should always be on the same tap connection. Circulating
current is completely independent of the load and load division. If transformers are fully loaded,
there will be a considerable amount of overheating due to circulating currents. The point which
should be remembered that circulating currents do not flow on the line, they cannot be measured
if monitoring equipment is upstream or downstream of the common connection points.

Example: Two 2000 kVA transformers connected in parallel, each with 5.75 per cent
impedance, same X/R ratio (8), transformer 1 with tap adjusted 2.5 per cent from nominal and
transformer 2 tapped at nominal. What is the percent circulating current (%I1C)?

%Z1=5.75, So %R’ = %Z, / N [(X/R)? + 1)] = 5.75 / \((8)* + 1)=0.713
%Rl = %R2:0.713
%X1 = %R X (X/R) =%X;= %X,=0.713x 8 =5.7

Let %e = difference in voltage ratio expressed in percentage of normal and k = kVA1/ kVA;

Circulating current %IC = %eX100 / V (%R1+k%R,)? + (%Z1+k%Z,)°.

%IC =2.5X100/ (0.713 + (2000/2000) *0.713)? + (5.7 + (2000/2000)*5.7)?
%IC =250/11.7=21.7

The circulating current is 21.7 per cent of the full load current.

Case 6: Unequal Impedance, KVA & Different Ratios:

This type of parameter would be unlikely in practice. If both the ratios and the impedance are
different, the circulating current (because of the unequal ratio) should be combined with each
transformer’s share of the load current to obtain the actual total current in each unit.




For unity power factor, 10 per cent circulating current (due to unequal turn ratios) results in only
half per cent to the total current.

At lower power factors, the circulating current will change dramatically.

Example: Two transformers connected in parallel, 2000 kVA; with 5.75 per cent impedance,
X/R ratio of 8, 1000 kVA; with 4 per cent impedance, X/R ratio of 5, 2000 kVA; with tap
adjusted 2.5 per cent from nominal and 1000 kVA2 tapped at nominal.

%Zy = 5.75, So %R’ = %Z; / N[(X/R)* + 1)] = 5.75 / V((8)* + 1)=0.713

%X1= %R X (X/R)=0.713 x 8 = 5.7

%Z,= 4, S0 %R, = %Z, N [(X/R)? + 1)]= 4/ V((5)% + 1) =0.784

%X, = %R x (X/R)=0.784 x 5 = 3.92

Let %e = difference in voltage ratio expressed in percentage of normal and k = kVA;/ kVA;
Circulating current %IC = %eX100 / V (%R1+k%R2)2 + (%Z1+k%Z,)>.

%IC =2.5X100 /v (0.713 + (2000/2000)X0.713)* + (5.7 + (2000/2000)X5.7)>

%IC =250/13.73=18.21.

The circulating current is 18.21 per cent of the full load current.

Same Polarity

Polarity of transformer means the instantaneous direction of induced emf in secondary. If the
instantaneous directions of induced secondary emf in two transformers are opposite to each
other when same input power is fed to the both of the transformers, the transformers are said to
be in opposite polarity.

The transformers should be properly connected with regard to their polarity. If they are
connected with incorrect polarities then the two emfs, induced in the secondary windings which
are in parallel, will act together in the local secondary circuit and produce a short circuit.
Polarity of all transformers run in parallel should be same otherwise huge circulating current
flows in the transformer but no load will be fed from these transformers. If the instantaneous
directions of induced secondary emf in two transformers are same when same input power is fed
to the both of the transformers, the transformers are said to be in same polarity.

Same Phase Sequence

The phase sequence of line voltages of both the transformers must be identical for parallel
operation of three-phase transformers. If the phase sequence is an incorrect, in every cycle each
pair of phases will get short-circuited. This condition must be strictly followed for parallel
operation of transformers.

Same Phase Angle Shift: (zero relative phase displacement between the secondary line
voltages)

The transformer windings can be connected in a variety of ways which produce different
magnitudes and phase displacements of the secondary voltage. All the transformer connections
can be classified into distinct vector groups.




Group 1:Zero phase displacement (YyO0, Dd0, Dz0)
Group 2:180° phase displacement (Yy6, Dd6, Dz6)
Group 3: -30° phase displacement (Yd1, Dyl, Yz1)
Group 4: +30° phase displacement (Yd11, Dy11, Yz11)

In order to have zero relative phase displacement of secondary side line voltages, the
transformers belonging to the same group can be paralleled. For example, two transformers with
Yd1 and Dy1 connections can be paralleled.

The transformers of groups 1 and 2 can only be paralleled with transformers of their own group.
However, the transformers of groups 3 and 4 can be paralleled by reversing the phase sequence
of one of them. For example, a transformer with Yd1 1 connection (group 4) can be paralleled
with that having Dy1 connection (group 3) by reversing the phase sequence of both primary and
secondary terminals of the Dy1 transformer.

One can only parallel Dyl and Dyll by crossing two incoming phases and the same two
outgoing phases on one of the transformers, so if one has a DY11 transformer, he can cross
B&C phases on the primary and secondary to change the +30-degree phase shift into a -30-
degree shift which will parallel with the Dy1, assuming all the other points above are satisfied.

Same KVA Ratings

If two or more transformers are connected in parallel, then load sharing percentage between
them is according to their rating. If all are of same rating, they will share equal loads.

Transformers of unequal kVA ratings will share a load practically (but not exactly) in
proportion to their ratings, providing that the voltage ratios are identical and the percentage
impedances (at their own kVA rating) are identical, or very nearly so in these cases a total of
than 90 per cent of the sum of the two ratings is normally available. It is recommended that
transformers, the kVA ratings of which differ by more than 2:1, should not be operated
permanently in parallel.

Transformers having different kVA ratings may operate in parallel, with load division such that
each transformer carries its proportionate share of the total load To achieve accurate load
division, it is necessary that the transformers be wound with the same turns ratio, and that the
percent impedance of all transformers be equal, when each percentage is expressed on the kVA
base of its respective transformer. It is also necessary that the ratio of resistance to reactance in
all transformers be equal. For satisfactory operation, the circulating current for any
combinations of ratios and impedances probably should not exceed ten percent of the full-load
rated current of the smaller unit.

CONCLUSION
Loading considerations for paralleling transformers are simple unless kVA, percent impedances, or ratios

are different. When paralleled transformer turn ratios and percent impedances are the same, equal load
division will exist on each transformer. When paralleled transformer kVA ratings are the same, but the
percent impedances are different, then unequal load division will occur. The same is true for unequal
percent impedances and unequal kVA. Circulating currents only exist if the turn ratios do not match on
each transformer. The magnitude of the circulating currents will also depend on the X/R ratios of the
transformers. Delta-delta to delta-wye transformer paralleling should not be attempted




CO Mapping: From this case study, for the subject DC Machine and Transformer, CO4 is mapped as
this case study is based on abnormal paralleling of transformers.

CO4: Demonstrate of working Principle, Operation, control & application of transformer

Course Code:

BEE2305 Course Outcome

CO-1 Explain the principle and working of Electric Motors.

CO-2 Discriminate the principle and working of basic DC Generator

CO-3 Analyze the different Characteristics of a DC Motors

CO-4 Demonstrate of working Principle, Operation, control & application of transformer
CO-5 Examine different parameters of transformers.

Course Coordinator




