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SUMMARY

Under particular conditions of di

of Trinidad and Tobago

scontinuous and repetative varying current

flow, subharmonic currents should exist, These harmonics can be significant and

affect the performance of the system,

isolate the subharmonics under the abov

with caloulated values.

In this study an attempt was made to
e conditions and compare their magnitudes
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1. INTRODUCTION

In electrical engineering, solid state devices are becoming increasingly
popular for the control of speed, torque and output power of both a.c. and d.c.
machinery. One of the main reasons is the quick response of these devices to
changes of current and voltage that allow them to be used in applications where
other forms of control would be inadequate. Solid state inverter devices are
typical of such rapid control.

These devices - principally thyristors and thyristor modules - have found
in the electrical industry for the regulation of large power flow. One such use
is the reduction of voltage fluctuations and the improvement of stabilizing the
generator loadings, of a relatively weak electrical system connected to a large
varying load. The major problem is the methods of current regulation applied t«
these devices which make them sensitive to the generation of superharmonics and

subharmonics.

A search of the literature on harmonics indicates extensive investigation
in the detection and elimination of superharmonics, but very little has been dor
in identifying the causes, detection and elimination of subharmonics.

This paper considers the conditions giving rise to the occurrence of sub-
harmonics in power systems. It then describes a mathematical model and the sim
lated equivalent circuit using solid state equipment that may be used for the
detection of generated superharmonics. A case study is herein included to demor
strate the validity of the approach and to show that under actual operating con-
ditions experienced by most electrical processes, subharmonics will be produced.

Za THEORY

The control of solid state devices is accomplished by

(a) Integral cycle control, or
(b) Phase angle control.

Integral cycle control is made possible by conduction of a complete number
of current sinusoids followed by an extinction interval equivalent to a further
number of complete sinusoidsl., A particular example is given in Figure 1 of
conduction for two cycles and inactive operation for one cycle.

The other method known as phase angle control consists of switching the
solid state devices at identical points of their respective anode voltage cycles
The load voltage has the? symmetrical form of a sinusoid with portions of the
applied voltage missing. An example of phase angle control can be seen in

Figure 2,

Basically both forms of control are commonly used to alter the voltage
and currents of a.c. machinery. In so doing objectionable higher harmonics
3, 5, 7, etc. are generated. In phase angle controlled circuits these harmonics
assume significant proportions and must be reduced to tolerable levels by the

insertion of appropriate filters in the circuit.
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A closer look at the Fourier amalysis for both waveforms indicates the pre-
sence of superharmonics and subharmonics. The synthesised current function can
be described as '

i(e) = Q/R f (sin 6) (for a resistive load)

But i(0) = aj + a, sin noe + bp cosmn 8 + coeneees

n
: £ ’ ot -""\'s_
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| \ ) o 4 , ; %\ £
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o :
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R (n - 1) (n + 1)
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for 6 = wt the lowest frequency components will be at supply frequency

and all others will be superharmonics. Hence a supply that applies
a phase angle controlled voltage waveform will contain: :
no subharmonics.
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For integral cycle controlled loads

27rTA
_ 1 v nb
an = j R Sin sin T de
0
=—§—. T s ZNE"_T.
R ?;E:—fiy sin
n=1,2,3....,
a = 0
o
. 27T
= e ; nd
bn = RTa sin 6 cos T de
)
ﬁ T nﬁ
_Rﬁm(l—COSZNT
n=1,2,3.....
for 6 = wt

the lowest frequency component
frequency and as N/T approaches 1 ‘th
spectrum will increase from almost

will be lower than supply
e harmonic content of the
d.c. to infinity,

The case of a repetative v

arying current can be analysed as a continugus
current and a periodicall

y varying discontinuous current which can be synthesised
as before
i(e) = 7%* f(sin 0) 8 < N
= V,/R f(sin 6) T > 8 >N
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Considering the case

i(e) =

The synthesised Fourier expression becomes

>

. = 1 3 ' ' 3 ne ' ne
1(8) = sin 6 + a + a' sin 7~ + bn cos
no=1,2,3 earen
_ %= 1 sin 2 2
®n R (n? - T? T
vx 1y Nw
b = R @2 -ad) (1-cos2n -;'r")

n=1,2,3 .....
An example of this is included in Figure 3.

Hence a phase controlled load in which the phase angle is continually vary:
as in the case of a static inverter (a.c. to a.c.) will produce subharmonics.

In electrical power systems the source impedance is much smaller than the
load impedances. The result is at subharmonic frequencies a flow of subharmonie
current generated by non-linear circuit elements back to the supply7. Any filte
system used, would have to be of lower impedance than the source, or the filter
would not be a current sink at subharmonic frequencies.

3. SYSTEM MODELLED

Using a thyristor/load arrangement controlled by appropriate circuits seer
Figure 4, it was possible to generate discontinuous or repetative varying currerl
of any type. The combination could be considered as a source of subharmonics Ww:
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The detection circuit consisted of
. . pPly. This acted

wise. The filter was m
tive impedance,

o ”quipa%?ﬁxample'of'the ’ 3 - € 0 £ ' '
cycles onhﬂxwp.bff,diédohtiﬁuous current flow
Q.. O L, discon

. andzéxampleSfof the results obtained
can be seen

‘rom Figures 7, 8, 9, 10... In case (1), Figurds 7 and: 8 results were :
g obtainedwusing the band stop filter tuned at subhaﬂmonic fkequgncy; Theffesultéég
ﬁ corresporided to within 10Z of the calculated value.,  The b?hd stob?filteijwas i
: ; ' se;(Z)(Figures 8 land 9. i* s '
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frical systems that utilize-discontinigows
andTrépétative-véfyiﬁé'current flow. 'The most common types are thyristor
controlled loads, welding loads, ete, |

: A I .
i There_are“manyfprocesses in elect

The welding Process ig generally?believed to
operating conditions. Thy I
mittent operation. An oscillograph reéqrding{of Fig
that for conti@uous operation the avergge value of ¢
the instantane@us valuesichange rapidly to give sub
5 Hz to 60 Hz.! The arc current therefcore is quite x ;
variables suchlas electrode spacing, arc voltage, metal chakacteriétics, ete.”,

i 'ng_transformeriin satutration aggravated the -
random current jpulses, o " § : ;
; i

Figure 12! shows the results obtained when the arc current was contralled bi&'

thyristors randomly fixedi The leve] QF':” ec
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6. CONCLUSIONS

The discontinuous current and repetative varying current flows produced by
integral cycle and phase angle controlled thyristor currents produce subharmonics
that are significant. Because the source impedance in power system circuits is
much lower than load impedances, subharmonic currents will not flow through the
system, but through the source. This leads to

(a) reduction of effective power transfer

- (b) saturation of magnetic devices.

Attempts to isolate the subharmonics using the circuit described lead to

(a) ferroresonance6
(b) magnetic saturation
(c) circuit oscillation

at subharmonic frequencies. The circuit described is good for experimental investi-
gation. It is not proposed as an alternative for the elimination of subharmonics.
Research in this field should evolve systems capable of eliminating them, since
standard filter systems used in power systems are incapable of dealing effectively
with subharmonic currents.

NOMENCLATURE

V' - maximum voltage
V; - maximum amplitude of continuous varying voltage

Vo - maximum amplotude of continuous component of varying
continuous voltage

V. - maximum amplotude of discontinuous component of
varying continuous voltage

R - resistance
8 - angular displacement
a -~ delay angle before conduction starts with phase angle

delayed finity
T - period
N - on time in cycles

M - off time in cycles
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