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TWX: 910-861-9052 HARMONIC RESTRAINT TESTING
USING A PURE SECOND HARMONIC SIGNAL

After extensive research and analysis, we have come to some conclusions regarding
the testing of harmonic restraint elements in the General Electric type BOD and
Westinghouse type HU relays using a pure second harmonic signal. First, we
analyzed the equations used with the diode method on both relays. The half wave

signal from the diode method was reduced to its Fourier Coefficients using the
equation: .

1/4
Aq = 4T S f(t) cos nvwy tdt
o

The resulting Fourier Series is:

I(t) = Imax (/7 + )1/2 cos wt + 2/37 cos 2 wt + 4/307 cos 3 wt + 4/70T
€Os 6 wt.... : . ’

2= I max (.318 + .5 cos wt + .2122 cos 2 wt)
OC compdnent  Fund component 2nd HARMONIC component
HWith the magnitude of I(t) equal to:
[V () == 1max [(.318)2 +(.5)2 + (.2122)2]
The equation for calculating the percent harmonic restraint for the BOD relay

is:
.212 lde
% second harmonic = 745 Jlac + .5 ldc

Where: Idc = The DC magnitude of the 60 Hz. AC half wave signal.
Tac = The 60 Hz. AC signal.

The DC magnitude of the half wave signal is approximately equal to .45 times the
magnitude of the AC signal prior to being rectified (ie. 9 AMPS AC &< 9 X .45
=='4.0 amps DC Rectified). Thus, substituting Idc = .45 lac', where lac' equals
the magnitude of the AC signal prior to being rectified, yields.

% second harmonic = (.212 % .45 » Jac')
.45 Tac + 5 % .45 » Jac')
= 2212 X lac!
ac + .5 Jac

The .212 factor in the numerator is the Fourier Second Harmonic Coefficient and
the .5 factor in the denominator is the Fourier Fundamental Coefficient.

The equation thus translates to the second harmonic current divided by the
fundamental current.
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_The equation for the HU Relay is identical to that of the BOD relay with the .45
factor multiplied through.

: .47 ldc .212 ldc « 1/.45 =« 100%
% 2nd HU = Tae FIRblEldes = 45 Tac # ,5ldc | 17.45

Based on the above equations we have concluded that the equation for percent
second harmomc for the General Electric type BOD relay should be:

12nd
X OO
N1 fund.)2 + (1 2nd)2,

% 2d hammonic =

Upon further analysis of the Westinghouse type HU re]ay it was determined that a
factor of 1.2267 should be added to the numerator.

This factor was determined by analyzing the wave form of the half wave signal
and the equivalent pure second harmonic signal throughout the HU relay.- It was
found that the half wave signal's magnitude was some what attenuated across the
. parallel inductor/capacitor (the 60 Hz. block filter) in the restraint circuit.
~The correction factor was then determined using the ratio of the resulting dc
current in the restraint coil from the pure second harmonic signal to its

equivalent half wave swgnal Thus the equation for the Westinghouse type HU relay
should be: Sl ’ :

1 2nd 5 1.2267
% 20 hamonic \(I fund.)2 + (1 2nd)2
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