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Power analysis of traction transformer under non-sinusoidal conditions

1. INTRODUCTION

Measured voltage and current waveforms (Fig. 1,
Fig. 2) of primary and secondary windings of single-
phase transformer are alternating non-harmonic
periodic functions, whose can be expressed by means of
Fourier series as the sum of harmonic functions

wity= ) V., sin(ker iy, ).
k=l

Waveform distortion v, (¢) is defined by difference
between measured waveform v(r) and its first
harmonic function v, (1)

v, () =v(t)—v, (1)

The waveform distortion is unambiguously represented
by its root mean square value

vo=Jreve

Quotient of rms distortion waveform ¥ and rms first

harmonic function is called total harmonic distortion
(THD)

THD V =100

The total harmonic distortion THD is a suitable tool for
monitoring, whereas waveform distortion and harmonic
analysis are commonly used at full analysis of the
periodic signals.

When we divide rms distortion waveform of the
primary winding ¥,, by rms distortion waveform of the
secondary winding ¥, we obtain

}if_m ch'THDVl - V.. THDV » fms

V.. Vou-THDV,  V, THDV, V,

t3 H (1] i
2. POWER ANALYSIS

The unambiguous information about a change of the
State any mass indicates power waveform (Fig. lc, 2¢) -
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product of voltage and current waveform
po=ul.
Power waveform is defined by equation [1,2]
pEwl=u fu Y0 Ay =ud ud vl vul =
=uhtp,=potp, .

one is algebraic sum of first harmonic power waveform
p, and power waveform distortion p,. The average
value of the power waveform over period T is called
active power
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=P +0+0+P |

because scalar product of instantaneous values
distortion and first harmonic quantity over period is
orthogonal [3].

The active power P is the algebraic sum of the
active power of first harmonic voltage and first
harmonic current P, and active power of distortion
voltage and distortion current P, whereas apparent

power S is the geometric sum of the apparent power of
first harmonic voltage and first harmonic current S,

and apparent power distortion 8,

S=UI= (U + U1} +17) =S} +57 =
= UL+ U + UL+ UL = UM +S?

Total harmonic distortion of the power is defined
by equation

THDS =10022 = 100,225 ~ 100, /5 -1

s, 5, s
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Fig. 1. The waveforms of the primary winding. Fig. 2. The waveforms of the secondary winding.
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a) power waveform and product of first harmonic
voltage and current of primary winding
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b} power waveform and product of first harmonic
voltage and current of secondary winding

P, =4511 MW ;P =4525 MW
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¢) difference between power waveform of
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Fig. 3. Power waveforms.
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¢) difference between power waveform distortion
of primary and secondary winding

P, =0,006 MW

Fig. 4. Power waveform distortions.
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Instantaneous power loss p, (Fig. 3c) is defined as
algebraic difference between instantancous power of
the primary winding p, and instantaneous power of the

secondary winding p,
Pa =P Py
their average values are called active power losses
1

¥ ¥
P=[pdt=—[pi=p)-d=R-1.

For the full power analysis in accordance with [1,4] we
express the instantaneous powers as the algebraic sum
of first harmonic power waveform and power waveform
distortion by means of equations.

Pa= =Py =P+ P )Pyt P )=
=Py Pt P T Py F Pt Pa s
Pia =P ™ Piws
Pon = Por — Po
and active powers analogously

P=R-P =P, +P

B
Fa=F,~F,,
P,=P -F,.

Figured voltage, current, power time courses (Fig. 1,
Fig. 2, Fig. 3, Fig. 4) are characterized by their
parameters. Power factor is given by the formula

, P

A

s
3. SIGNIFICANT RESULTS OF POWER
ANALYSIS

a) In this case, the active power loss of the traction
transformer P, =101kW that is 2.2 % from active
power £, =4,612MW .

by The active power loss of the traction transformer
P, =101kW is the algebraic sum of the active power
loss of the first harmonic voltage and current waveform
P,=95kW and active power loss distortion
waveform P, =6kW .

¢) The values of active powers P, =4,612MW,
P, =451TMW are less than the values ol active
powers £, =4620MW , P, =4525MW of the first
harmonic voltage and current waveform both windings.

d) Active power distortion waveform of the
secondary windings P, =-14kW and active power
distortion waveform of the primary windings
P, =-8kW reversal operate, because both possess

minus sign.

e) Total harmonic distortion of the primary
apparent power THDS, =24.6% is less then total
harmonic distortion of the secondary apparent power
THDS, =254%.

4. CONCLUSION

In this article is developed the powerful technique that
enable us evaluated electromagnetic phenomena under
non-sinusoidal conditions.
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