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Abstract — This paper presents an analytical method to predict
the maximum inrush current for three phase power transformer.
The calculation of transformer design parameters and the
method for calculation of peak inrush current is proposed. The
magnitude of maximum inrush current by analytical method and
the results obtained from simulation in PSCAD/EMTDC are in
agreement with one another. This method is very useful to
estimate the maximum inrush current before manufacturing of
the power transformer.
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I. INTRODUCTION

The reliability of power transformers directly
determines whether the power system works safely or not.
According to the statistical reports, most of power transformer
faults are internal faults. At present, the main protection
scheme of internal faults of the power transformer is the
differential protection. The sum of the differential circuit
currents equals to the exciting current of the power
transformer. When the unloaded power transformer is
connected to the power system or the power transformer is
reconnected to the power system after the fault cleared, it will
usually produce magnetizing inrush current, which often
causes the differential relay acting wrongly. Therefore the
precise simulation of the magnetizing inrush current is
essential for designing differential protection relay and setting
operating range correctly.

Il. INRUSH CURRENT
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of the core may lead to an inrush current hundreds of times
larger than the normal excitation current and many times
larger than the rated current.

Following are the adverse effects of the magnetizing

inrush currents of the transformer:

1. The protective devices for overloads and internal
faults may falsely operate and may disconnect the
transformer.

2. The windings are exposed to mechanical stresses that
can damage the transformer[12]-[14].

3. Power quality problems may arise; high resonant
over voltages[15] and voltage sags[16].

4, Special problem occurs if large number of
transformers are being switched on grid after break in
electric energy supply because of appearance of
higher harmonics.

5. Mutual effect occurs if transformer is being switched

on bus where other transformers are already switched.

Disturbances caused
by switched transformer are transferred to other transformers
and consumers in the area.

I1l. INRUSH CURRENT CALCULATION

In this regard, some numerical and analytical
methods have been proposed in the literatures. Analytical
expressions for the magnetic fluxes of no-load power
transformers are presented that can be used for inrush current
calculation. In this paper, an analytical method to predict the
maximum inrush current for power transformers is presented.
The magnitude of maximum inrush current by analytical

method and the results obtained from simulation in
o . PSCAD/EMTDC are compared.

Transformer energization at no load may result in a
very high inrush current as the peak value of the inrush current Table 1 : Technical Specification of 10 MVA
is a function of the switching instant of the terminal voltage, power transformer
the characteristics of the magnetization curve(residual and
saturation fluxes), the primary winding resistance and the KVA capacity : 10000
inherent primary winding air core inductance. Inrush currents HV voltage - 66000
are originated by the high saturation of the iron core during LV voltage - 11000
switching in. _ _ _ Vector Group Yd1
The driving force of the inrush current is the voltage applied Et 42.35
to the primary of the transformer. The voltage may drive the Net area : 1238.45
flux to build up to a maximum theoretical value of twice the Core diameter  : 420.6
steady state flux plus any residual flux. This super-saturation HV turns - 1356
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LV turns 150 Another formula utilized is :

Table 2 : Transformer Coil Dimensions (2 By + B, — 2,03)AC H,
| =

0 max

Coil 1.D. 442.6 mmg 595.6 mms
Radial 45.5 82 Where , A, = Area of core
——— 533.6 mm & 759.6 mm A,, = area inside the mean turn of excited
winding
Axial Height 1376 1250 . . .y
wree mm mm H,, = height of energized winding.
V. Simulation
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Fig 1: Dimension of 10 MVA power transformer N [
IV. ANALYTICAL CALCULATION
Fig 2 : Modelling circuit of transformer on NO Load in
. . . PSCAD/EMTDC
Spect , Holcomb , Bertangoli have derived analytical
formulae for inrush current measurement. ABB also have
given rigorous formula to estimate Inrush current in a
transformer. M- Grapha 2
0p = ven =i = Fria = b = Imc
Here, we have used following two formulae to calculate wl _
inrush current. L _
200 4 L1 | | } .I | l. Ly I. 3
. . . . |
First formula finds the inrush peak for the first cycle as: z o A HHHH 1 '
< AR ISTANLAS TN ,t+\ AR AL ﬂ r\ll AL
K, V2 o= AR R A A
omax :—(1 —COSQ) oo VOV WO N T \ \v.\.l \1 J MR
X | I
S L
-200 -
Where V =rms value of the applied voltage :
K,=correction factor for the peak value=1.15
0 = saturation angle which corresponds to Fig 3: Flux wave form along with the voltage when
the instant at which the core saturates, switched on at energization angle 0°
B.-B. _-B
_ -1 S mp r
9 - K]_ COS Main : Graphe
mp 100 Yan = ima = Pha = by = imc:
300 4
Here, B, = saturation flux density, a0
B.,p = peak value of designed steady state flux S == 0 g -

density in the core.

B, = residual flux density.
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Fig 4: Magnitude of the flux wave form is almost double or
more when the voltage is switched on at energization
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”f HEotEoemomm s | 1“ Fig 8: Inrush current in C — Phase of 10 MVA power
tansformer.
Fig 5: Magnetization Inrush current in all the three
phases of 10 MVVA power transformer.
V1. RESULTS AND DISCUSSION
2000 e T [ K Inrush currents are computed in this paper with time-domain
- l I RFEER H simulations using the PSCAD/EMTDC software. The
u AR LAALA AR ﬁla‘\ k\]’ i r_r nin switching angle was selected to be at 0° so that flux builds in
] il ‘F Ww\ﬁm\wﬁ \J' W[A\ ‘,I T]HI( WIM DJIH E'QJ the direction of the residual flux. Therefore, we always
g = ‘ |H \ |‘ |J LA HHTH obtain twice the normal flux plus any residual flux on the leg.
200 j 1
- | |{ L Table 3 : Comparison of Results
e Analytical First formula 358.66
z Results A
Second 364
Fig 6: Inrush current in A — Phase of 10 MVA power Formula A
transformer. Simulation A Phase -366.29
Results A
S [ B Phase 355.65
s0g = Van = ima = PHa = b = mc. o A
C Phase 274.47
A

-200
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Table 4 : Comparison of Maximum Inrush Currents

| Analytical First formula 358.66
Results A
20 0.30 0.40 050 060 070 0.80 Second 364
: Formula A
Simulation
Fig 7: Inrush current in B — Phase of 10 MVA power Results
tansformer. Maximum |x| = 366.29 A
As shown in figure 9, we have used CSMF
(continuous system model function) control component to find
maximum inrush current out of the three phases of the power
transformer.
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2. Positive leakage inductance were introduced to
prevent numerical instabilities with non-linear
inductors.

3. The formulae of analytical approach are for single
phase transformers. Hence, they are converted to
three-phase considering the type of transformer
connections. The inrush current value is divided by
/3 for the star connected primary and multiplied
with 0.557 for delta connected primary.
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Fig 10: Simulation of Maximum Inrush current in
10 MVA power tansformer.

VII. CONCLUSION

This study enabled the numerical prediction of

maximum magnetizing inrush current of single phase and
three phase transformers on the basis of design parameters
available from the manufacturer.
The magnitude of maximum inrush current by analytical
method and the results obtained from simulation in
PSCAD/EMTDC are in agreement with each other. This
method is very useful to estimate the maximum inrush current
before manufacturing of the power transformer.
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