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Various chaptevs W11-ch are enough to explain , and 
anaLyse the heading of the,  dissertation, 

CHAPTER 	gives the idea about why reactive power 
measurerrent is necessary for rtoninusoidal supply system. 

CHAPTER (2) includes the lUterature review upto date, 
which is santiàit Ly needed in the whole work of dissertation. 

CHAPTER (3) presents the various sources of nonsinu-
soidal supply and hax'mcnic analysis  and their suppression 
in nonsinusoidal supply. 

CHAPTER (4) includes 	 differont techniques define  
reactive power and measurement of reactive power for non4w, 
sinusoidal supply system. Also how power factor tan be 
Improved in each technique is described in this chapter* 
This chapter gives the complete reactive power analysis for 
nonsinusoidal supply system. 

CHAPTER () has the Illustration of both techniques 
by taking two numerical oxempleso Which technique Is 
pref erred mostly in relation with compensation of reactive 
power components and power factor improvements also 
discussed,: 

CHAPTER (6) gives the conclusion that one technique 
(i.e. current Subdivision Technique) Is useful than other 
technique in 	with complexity of the equations., 
instrumentation, accuracy of the different-instrument t in 
----.---. ------- 
meter, and readiness of compensation of reactive power 

components by the Operator, 
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IMPORTANCEAND UTILITY OF REACTIVESOWER EA iR: ENS' 
FOR NON.SXNUSOIDAt 9J PLY SYSTEM :  

The e recent past development andincreasing use of  

r"~ power semiconductor  awit chi 	a  
magnitue conversion and con ttol have beonrofOUfld impact  

on modern electrical pow*r 	 olo 	 effect 

this development is the frequent e 	S of nonsinusoidal voltage 

sources supplying nonZ near loads at higher power level, 
Not only it is necessary to know accurately the active 

power being delivered to the load under nonsinusoidal ccondi-
tions, means must also be provided to determineand control 

the reactive current or reactive power so that losses i.n the 

network can be mini i o + One of the problems of switch 

controlled l y to s is the low power factor generally asso-

ciated w th thein* Precision measurement of reactive power is 

important because its cc mpensation increases the power 

factor. Alow Value of power factor indicates -a number 

of drawb;c s, most important of which are Increased dimen-
sions of the generating,  tam ing# and swiping .eq Imo- 

mems, and increased line losses* 

Two different approaches yiz. 1.) Fourier Analysts 
Techniques (2) Current SubdiviLon technIque will be adopted  

later to def the reacttve power for nonsinusoidal supply 

,system,* in oath technique how reactive power is measured 

by different reactive meters and how power factor is 

improved by different methods for nonsinusoidal supply 

system wIll Sisobe described in Beta i. w 
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2. 	 EV ?1: 

SUGGESTED DEFINITION OF REACTIVE 	 AND 
POWER FACTOR ZMP3OVEMENT UNDER NONSIP&SOIDAL 
CONDITIONS s 

D. Sharon ] A4 * Ernanual 2] Ws Shepherd A P 

Zokikth n (3]; N* L. Kustor id rJ.J . Moore ] worked 

under this hoadtng f 

2) ELECTRIC WAVE DISTORTIONS I THEIR }ZDDEN COST AND  
CONTAINMENT t 

John W. L hd r ES) presented this paper under this. 

hooding n.4th detailed descriptions, 

(3) HAmXNIC ANALYSIS AND SUPREZ3SION FOR ELECTRICAL 
SYSTEMS SUPPLYINGPOWER CONVERTORS AND OTHER NONLINEAR, 
LOAD$ 

DavidDavLd 0. 	pp 	worked In detail under this title. 

(4) MEASUREMENT OF R - - AVE POWER FOR NONSINUSOIDAL SYSTEMS I 

Raison Aparteto LOpøJuan 	 s Montano Asquertno. 

and Guiilerrno Rodrigue-izquiordo 7 Leazek Se Czarneck 

a 	9 Worked under this heading and also suggested 

about reactive power motor for nonsinusoidal systems* 

5) A COURSE OF MODERN ANALYSIS 
E. ttteker and So  Watson 	described about fourier  
series analyst$ '0f :n*nsinusoidai wave SM this book 
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(1) NOM.INSAIR LOADS 

(a) Rectifiers 

(b) controlled rGc'tiflers 

(c) Static frequency convertor 

(4) Saturble reactor 

(a) Ac furnaces 
(f) Electric are welders 

(2) PHASE UNDALNCE SOURCES I. 

(a) $nglphao linear loads 
(b) Single-ophaso nonlinear loads 

(c) Open delta transformer 

(4) Untransposed flat configuraton of conductor 
(e) Blown capacitor fuse 

(3) EXCITING CURRENTS 

(a) Normal condition 
(b) Overecitod cndttion 

(c) Forroresonancó 

(4) RESONANCES t 

(o) shunt 
(b) Series 

(5) 

 

OTHER MISCELLANEOUS SOURCES 
(a) Switching surges 

(b) Lightning 

(c) Faults 

(d) Pkevorsingp jogging and breaking loads 

(e) deco ot1 a.c. crotc 
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(1) NONLINEAR LOADS .: The effect on the supply system 
of loads which include rectification will depend to a 
great extent.,on the d.c.o, circuit parametere. The effect of 

£ 
a smoothing 	 in the d.c* side of thyristors ---. 
causes a are vaves of current in the a.c. supply. This 
effect Will 4$. OCCUO idth uncontrolled rectifiers and 
in frequency converters if they also use a smog thing 
t3nC. 

If the O*tv. load includes only a smoothing capacitance 
rather than inductance the s.c. input current will flow only 
during peak voltage part of oath halt cycle. This chopped. 
current wave crbeauae the current can only flow during 
that part of the cycle, when the s.cv supply voltage is 
greater than the tho* voltage across capacitors The r.m.s6 
value of tho aco current will be a function of the average 
d.co  value required by the load. The duration of current 
flow for oath half Cycle Will, depend on the size, of the 
capacitor. A large capacitor will smooth the d.c, very well. 
The a,.c. curxten t pulse will be short and hence of large 
magnitude. 

When niether inductance nor capacitance Is used to 
smooth the d.c., the s.c* will he less distorted. A full 
wave single phase rectifier, if loaded only with a resistance, 
will have negligible distortion In its s.co supply current* 
When such loads a",  three-phase or or controlled, as with a 
phase back thyrlstor, dietotion in the current wave will 

£ 	result. The actual waveshape of a distorted current will 
0 



depend on the relati 	a e angles of the harmonies to the 
fundamental as well as to the magnitude of each harmonic* 

An additional type of distortion associated with the 
thyristo:e namely thecommutetton notches'. Those occuro 
each half cycle on each phase on a typical SIX alse system 

They are caused by the fact that In order to control the 

output voltage it Is necessary to force the conducting 
thyr'istors into a nonconducting condition at an Unnatural 
point on the s.c. wave. In order to do thts so as to 
commutate the current to the next thyristor it Is necessary 
to momentarily place a short circuit on the a.ca supply for 
a few microeeconda. In order to limit this short circuit 
current to an acceptable value, all thyristors rely on 
inductances In the ac. Lod and system. The larger this 
inductance the lost short circuit but the longer it must 
exist to oauso proper commutation* These commutating notchds j  
which areesuLt of a necessary short clrcuithg of each 
phase of the system once or twice each cycle in a thyristor 
drive, can be major source of wave distortion • The frequen 
des Involved in these commutating notches are in mtdeudio 
frequency range and highor. They tan cause radio interferenc 
(electromagnetic Interference) as well as the wave 

distortion. 

When the load to be controlled does not require d4C.,, 

Ott*rable reactors may be used for the controllod device, 
These are ironcore .inductances which have supplemental 
control wtndings. When a small Om.ount Of.d.co  is applied to 
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these extra windings the inductance is r educed significantly, 
thus permitting more a*co current to flow. The dominant 
harmonic is the third, but menused In a balanced three 
phase configuration, this Largely cancel auto 

The wave distortion caused by electric arc furnaces 
or welders to seldom analyzed on a frequency basis becuso 
of tho,  randaM nature of the arc currents. Those are single-
phase phenomina on an. Instantaneous basis even though they 
may be three-phase devices and viU average out over a brief 
period of time, as threephase loads. This typo of wave 
distortion is referred to. as fliker because of Its effect 
on Illumination devices. 

(2) PHASE UNBALANCE t Phase unbalance is treated as a form 

wave distortion The unbalanced loads or unbalanced phase 
impedencos in the supply are the major causes. A single 
phaoo-restetio load will cause exactly the some amount of 
phase unbalance, as a simiar but highly reactive,  load, but 
with 	 In phase angle. This to true even 
though the apparent voltage of the loaded phase will not be 
the same in each-  case This Is because the Unbalance in 
SIX 55ØS: is thO IZ drop caused by the single phase load 
whereas the observed voltage reduction on tho loaded phase 
Is only the in-phase component of this product. 

When a singleo-phase load is also nonlinear, suth as a 
oingiephace t yristor driveD there may be harmonic Problems 
49 well as phase unbalance. A stngIe-phaso thyrister load 
may have third order harmonics as well as others i.e. 5th, 
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7th, llt# lth etc 

Another unsuspected source of phase unbalance. is a 
blown main fuae on a capacitor bank,. Noxfly 	enot  

►__- . ,4 CI 	i t' 	 :t 	►  1 So are not usually 
monitored* However,, should a main capacitor fuse open, an 
unbalance ,n phase voltage result. It the capacitor be nk 
was rovidinq, say a four prcent voltage correction, in 
conjuction with its function of improving power factor. 
'then with one rner. fuse blown a two percent voltage un- 
balance wifl, 	This could result in an  ab increase in an 
*,c. motor bases of about 8Y.# 

EXCITING CURRENTS AND FEHR0R$0NANCE t Exciting 
cu 	do not normally cause any wave distortion of conse- 

,1UWnCeiSJ An exception would be when, due -to a system Upset, 
high voltage o cures. Exciting ng Curren increase rapidly 
with an Increase in voltage* In fact, tanstormor standards 
specify .; 	110 . name plate voltaçe,the transformer 
Should not overheat Without load. In other words t 110 p• 
voltage the exciting losses may equal the normal full load 
Losses of the tr.  n sfo er. At 130 of 'rated voltage*  
exciting currents may apron actual fuW4oad current, 
Such currents will contain over 5 $ third and higher harmo- 
nice and the voltage will l be seriously distorted. 

Ferrorosonan e is another abnormality which occures 
only infrequently, but when it does#  levee wave distortion 
and over voltage ca94 	-/erroreaonance can Only +cine 



LJ 

when a conductor opens and one phase of a transformer 
becomes energized through some system capacitance, one or  
two hundred feet of cable can provide sufficient capacitance  
to bring on forgo eso ante Thus#  a typLcal cause could be  
a fuse blowing on the cab e entrance to an industrial 
service with a transformer of Upto says 3,000 VA. The larger 
the transformer and the lower the v tage# the more a, .. i. 
tat + K 	 .d--tO... tau s  —._ems a onan e, However neither 
size not voltage should. be assuino4 to prevent the ferro-
resonance, because capacit ve current as little as one percent 
of the transformer magnetIzIng current have been known to cans' 
ferz'oxesonanco with an n oaded transformer. There is no 
exact amount of capacitance needed as with a true resonance# 
The nonlinear  in u nce of the transformer's magnetizing  
impedance can led to forroresonance over perhaps a 100/1 
variation In capeitence. erro - s nan a once in existence 
it wilt probably continue until some piece of equipment 
fails:.'erroresonance does not n lly u• a if the 
transformer is loaded to m re than Z of its self-cooled 
rating. The larger the series capacitance, the more load 
that is needed on the transformer to prevent 	o osonance 
lerroreaonance is not a single frequency phenomenon., and the 
likely frequencIes. are difficult to predict* Knowing the 
likely 'frequencies would provide o additional. insight into 
their prevention* Prevention co .'tc of system arrangements  
which precede over excit g a transformer through a Seri s 
capacitance an 	taming load on the transformer, and 
when It does a

45;;Ovi  : edlat l do ne gi .g the other 
1 ses oaf t  



(4) RESONANCES z True resonance are of a different nature 
They are linear phenomena. There can be series or shunt 

esonancea when a shunt resonance exists, very little 
current is needed to build up a very large vèlta go. A 
aeris resonance, on the Other hand, requires very little 
voltage for cause a high current to flow at the resonant 
frequency. If there wore no nonlinear loads, resonance 
would never cause DAY problem. 

The actual, citu.tton could beworsed ince the 
en, 	in the corn utating notches must so be consideredo  
This energy will be absorbed by the system at the resonant 
fr*quency and will make the system fringf at this frequency 
follwLng each notch, each half cycle*  and on each phase. 

Series resonance is generally a deliberately 
designed condition. It Is used to prevent shunt resonance fro 
causing problems and to provide a controlled path for specific 
harmonics. When an inductance Is placed in series with 
capacitor and the pair is 	riOnnected between phases, 
there will, be series resonance at that frequency. When the  
reactance of the two devices are equal (but of opposite sign). 

Is frequency the i*pedenco is very low, consisting of 
only equivalent resistance of capacitor and inductor*  
When resonated at a spocUtc frequency the nonlinear load 
harmonic at that frequency will largely flow In this circuit 
and not out into the system. The reconant circuits are 
frequently called traps. 



in additiontrapp, ng a specific frequency, series  
resonant circuits act like inductances at'aU higher frequ 
cica, Thus there is no possibility of shunt resonance 
occurring at higher ftoquencyu FJ Over at 1OWeI frequencies  
the trap acts like a capacitor of a size larger than a c al 
and eo a at proportional to frequency. quency Thus, the resonant  
frequency is lowered by the trap inducanco % ie is there to  
make up the series resonance.  

Regardless of whether they are trapped or not, 
capacitors will always cause are tncrese in harmonic voltages 
for all harmonics be ow the shunt resonant frequency.* 

(5) OTHERS MISCE ANEWS S LS : Most of the listed ed 
miscellaneous sources of wave distortion are not of a 
continuous nature. Thett cntainment` et 	 is well understood  
and they will not b discussed  here except last Item i.e. d.c 
in a.,C.. circuits. 'J en aminimum toot rectifier or thyrtstor  
design results th 	d4c. th s.c.. C *itt pa ble s 
can result* Sine d.c. can not be transferred -between 
windings of a transformcr,it is agical that any d.c. Is 
like an excitIng current and not like a load current, When 

d.c flows to a transformer,  core saturation may eccure and 
cause the exciting  rent: 	Increase  greatly* Odd 
harmonics will appear and considorable voltage d .stortion 
will be apparent. ` ase 'excess exciting currents. may cause 
fuses to Diow on email or instrunmnttypo transformer. 
Very little d.c. in s.c.: circuit can cause trouble because 
the effect is not related to the rated current of the circuit 



11 

but rather to only the one or two  percent exciting 

ctrrent of the connected transformor*. 

IWuONXC ANALYSIS AND SUPPRESSION IN NONSINUSOIDAL 
SUPPLY SYSTEi 0 	 / 

Nonsinusoldal supply system copsists of several 
harmonica 	Therefore,* study of hanontcs in itis necessary 
in correct moasuremt of various quantities. The prevailing 
sources of harmonis are 	rectf1ere, t.c motor drives 
(convextorofinvertors)., uninterrupteble power supplies (UPS), 
cycloconvertors, 	urnaos and/OX any device with non. 
linear cha ctersti :8 which de:ve their power from a 
linear/sinusoidal electrical. system,* Sy'stes compooed of 
these types of loads have the potential to develop harmonic 
related problems and are therefore prime candidates of 
harmonic analysis study* Moro recent problems : involve the 
performance of computors numerical controlled aachines# 
telephone. &nteitferenco add Other sophisticated electronic 
Oquipmonta#  which are very sensitive to power line poUusion. 
These typos of devices may  respond incorrectly to normal 
inPute)gIvo false stgnals or P0 saibly not Xospond at. all. 

Harmonics eve voltages and/or currents present on on 
electrical system at some  lUp1e  of the fundamental 
(normally 50 Hz) freiency.. Typical values are the fifth 
(2O Hz) 1  seventh (350 Hz), eleventh (o Hz) and so ono  
To bettor understand harmonic related problems#  it is 
necessary to unierstand how and where hers', nice are 
generated which is explained earlior In sources of wave 
distUtion 
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convertro generate harmonic voltages and currents 

	

on both a.c, and 	sides. A converter of Pulse number P 
generates harmonics principally of orders 

	

h=Pq 	On the d..c. side and 

VW 
	 On the a.c* side 

q being aiw integer, Most HV dc converters have 
Pulse' number 6 or 124 The 4molitudes of harmonics decrease 
with increasing orders the avzo harmonic current of order h 
is lose than •11/b, vhere 11  is the amplitude of fundamental 
CU. rrent. 

Taking example of Fig. (1), a si*-pu1s, six-phase 

converter is shown in Pigo, i(s) and Pig, 1(b) indicates wavefo 
for the d.c* current and the corresponding s.c* line current. 
The square s.c., current waveform represents a distorted 
ainua*idai waveform rich in harmonic content which can be 
separated into component using fourier analysis tchnique. 
Fourier Oorios for thIs wavefon Is 

k.. 	 / 

ac  

	

+ 	o74 - 	Cos iia + 13, Cos 13 o,,...) (1 

The higher order term are the harmonic components, A similar 
fourier analysis of the distorted sinusoidal wavoforrns of 
other harmonic generating equipment as mentioned previously 
will yield similar harii nic components. 
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Rectifters and other emi1ar harmonic gonerating 
equipment are represented as current sourcea at each 
harmonic frequency (art furnaces are reprecented cc voltage 
sources), With reference to the previous fourrier oxpan- 

77 SiOfl, the maximum theorøticat hriaonLc current magnitude 
from each converter is equal to the fundamental frequency 
full load current magnitude divided by the order of harmonic. 

These harms cuttont magnitude are also functions 
of the number of converter pulses. The magnitude of the 
system harmonic,  voltage are a-  result of the harmonic current 

1fowing back into the harmonic impedances of the a.c, system. 
f9The order of harmonic scurrent is np 1, where n Is any 

'integer and p is th nu .6r of fluffier Of COtWOtØr pulses,* 
Thus, for a six pulse coflvertOr, the order of harmonica are 
fift , seventh, eleventh, thirteenth, seventeenth and 
nintoenth, etc* For, a 12.putse converter0 the order of 
harmonics are 11th., 13th,. 23rd, 25th.,3th, 37th etc. This 
procedure0  using a higher' numdr of phases fox lower order 
harmonic 4a"Cellation .0  cancellation. i.e referred to as phase mu1tipXicetion 
Although phase multiplication-theoretically will cancel 
normal harmonic's not of the order tnp . 1* 10  In practice both 
current magnitude and phase angle will deviate enough to 
allow only incomplete canceltation. Mostly 10 25 $ of the 
maximum harmonic magnitude will remain. To be as realistic 
as possible, this factor sometimes referred to 	armontc 
cancellation factor (HCF), should be included. 
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Additional reduction Of the harmonic Current magni-
tude is due to the series e4do4va reactance between the 
harmonic source and the utility oupplyo,  The larger this 
tndutive reactance is (commutating reactance) the more it 
impedes that particular harmonic generation, For example, 
the maxtmurn 5th harm.ntc current magnitude avUabie is 
1/h = 1/5 04 per cent or 23 per cent ( commutating 
reactance 0) 	iowe'er due to significant commutating 
reactance, the actual magnitude may only be 17 .J This 
reduction may be referred to as commutating reactance 
factor (cRF) 

The final factor reducing a pe rticular harmonic 
current is the par unit loading (LLW) . If ó, converter 
is only 50. $ loaded (fundamental component of current) 
then the harmonIc current will only be 50 of its maxtmm 
value on that ey:tem. For drives utilizing phase, retard 
(speed) control, this loading factor is also proportional 
to the a.c. fun. mental current component, but is not 
necessarily proportional to the d.c., KW, or h.p. output4. 

The total harmonic current value injected into,  the 
system by a particular device at each harmonic frequency 
is then,, 	 4 

< 	 C]FLA/h)(LDF)(HCF)(CRF).. 	. (2) 

where,, FLA is the fundamental full load amperes of the 
devise and h Is the order of harmonic, 
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ANALYSIS THNZQUE$ i 

/ / ) Basic system connections (one line diagram) and 
A harmonic analysis  study should 

analyse the system under study state conditions for normal 
Power .flow and harmonic currnt flow (sometimes referred to 
as harmonic load flow) for all harmonics being modelled for 
as many system switching conditions as required. A typical 

range of harmonic frequencies modeled may be from 
--.--..-....... 

5(2O Hz)to 37 (1850 Hz). The harmonic resonant point 
at a particular location will probably differ under each 
separate switching Condition, so all normal .iodes of 
operation Should be Included, 

Powet factor correction capacitors are designed to 
( continuously carry  125 $ of their nameplate rated (ftmdn 

mental) KVA. or KVAC (pit), 30 % of their rated 
voltage and 184 of their rated current, existing 
standard (135 s pending standard) • This * overload' capa-
bility provides margin for system over voltages and/or-
harmonic voltages which may occure, The total loading of 
a bank may be calculated as the sum of KVA loading of the 
fundamental and Oach, hrmonjc4 This may bo expressed as 

1VAC 	Z (v,i) 	
: (vh2/Xh) 	0 	 (3) 

Where, 
h= fundamental or order of harmonic 

V =. fundamental or harmonic voltage 
I = fundamental or harmonic current 

fundi -6ental or harmonic reatiin--c­e--'-,, 
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The capacitc.re must also have sufficient dielectric 
to withstand the anticipated peak voltgeo resulting from 
the fundamental and the harmonics. This peak voXtgo is 
pe5s*m&stically calculated as the arithmetic sum of all 
the component 	Haes(not as 	value) 

Alt peak =X Vt.. 

The peak is used, because of the. 'random' phase 
relationships that axis t between the various harmonic compo 
nents. The third loadirg factor is the totql 	current 
which connections, bushings, and other components of the 

capacitor bank must handle* The current is calculated as 

2 1/2  
I=$( I) 	 ,.,. (4) 

h 

Additional problems can arise due to hamc nice -In motors, 
Lighting ballast transformer# and other similar equtpmnt. 

These problems arc es sentiaUy excessive heating due to 
circulating harmonic currents To evaluate this effect, 
rms voltages rather than peqk values are required. Therefore, 
rms voltage should also be calculated and printed throughout 
the system. Total rms voltage may be calculated using the 
following equations 

1/2 
V. = V 2) 

whoro h =1 fundamOntal or order of harmonic,. 

The detailed results of an harmonic analysis  study 
shuLd include the four main points mentioned above s total 



capacitor bank KYAC 1oadingo peak voltage#  rrno currant, 
and rms voltage, The voltage and ur n values should 
be provided at all critical sye emo locations ousceptible 
to harmonic p blems$  where the appropriate values may 
be corn. red to the devices .ting in question. 

SOLUTIONS TO HARK NIC PROBLEMS I 

The primary solution to any harmonic related problem 
is acc*mpli. ed by s 	the system resonant point to 
some other frequency not generated by the electrical equi ► 
wont of the system# The simplest and least expensive method 
would be to alter or bypass system operating conditions and 
procedure which will lead to. harmonic resonance. If this 
approach is impractical or undesirable then quite often  
additional ap ra uc Is raquiredo 

The remedial measures involving additIonal additional equipment 
generally used to- In s harmonic effects include shunt 
LC leers located  t the harmonic  sour and tuned to 
series resonance at the troublesome h5rmoflice* This approach  
provides a low impedance path from the harmonic currents to 
flow with very little flowIng back into the,  rest 0  of the ac, 
system* Howover. a separate filter may be required for 
every moor harmonic source* In other cases#  where power 
factor connection capacitors in the a.c. system cause 
resonance at the en rated harmonics, their location io or 
size may be charged _  eliminate the resonance, or series 
reactors bay be added to detuno them at the troublesome 
resonant frequency, 
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There. are oosentially three different ma 3cr schemes 
which will accomplish adequate filtering, Economic consloo  
derationa as well aS the particular filtering requirements 

for each case will determine which scheme is the most 

desIrable 	Quite often utility requirements for harmonic 

contoy: t imposed Upon their system will dictate which 
scheme Is to be'usado Fig. 2 indtcate9 these sohemesp 

The least expeflive and therefore most desirable of 
these three : •chemes is that of Fig# 2(a). Generally, a 
carefully selected tuning reactor will be sufficient to 
relieve harmonic resonance the careful selection of the 
tuning reactor is stressed, If it Is Incorrectly eoXlecto,. 
the harmonic frequency for which it is tuned will probably 

bo lowered to ace eptaIle levels# but another harmonic fre-
'quency may then become dominant with the resonant pointp, OnIj  
being shifted to another harmonic frequency present on the 

stem, 

Fig* 2(b) Is generally used when more stringent 
(Severe) haronic content requirements are in effect. In 

Fig*  2(c) the two lowest and host troublesome harmonies are 

filtered ot individually -  with one highpass filter 
Used to filter ail higher order' of harmonics ab ove these two 

harmonies. 

When harmonica appear to be the cause of system 
pxtbloms, it is desirable to determine the system harmonic 

resonance point. To determine this resonance point the 

short circuit capacity at oath cscecitor bank location is 



(c) 

E 	(2) Tree Sche 's for 
f lferr/rrg (he Harvwnics 
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required. The equation hr = f MVA/MVAC is a close approxi-
mation of this resonance point where hr is the resonance Point 
per unit of the fundamental frequency, MVA is the short 
circuit capacity and MVAC is the to rating of the unfllte.rec 
capacitor bank at that location. This location Is very useful 
for an initial evaluation* if the resonance point is close 
to one of the harmonic frequencies pesent on the system, then 
possible harmonic related problems coucu 



(4) 	ctw 
U-_- 

Authors [11k (2) 0  (31 presented the approach based 

on Fourier Analysie tethntque and author (4) prdsentod the 

approach based on 'Current Subdivision Tochniquoi g  to 
define reactive power and improve the power factor for 
nonsinusoidal supply systemo Authors (7j, (8)0 [9) and 
author [4) described the measu ernnt of reattve power 
under nonsinusoidal conditions based on 'Fourier Analysts 
Technique* and 'Current Subdivision Techniq ue' respec 
ttvelyo Therefore, reactive power analysis will be 
performed below by these two tochntques, 

(4.1) _______________________ 

(4.1.1) DEFINITION OF REACTIVE POWFA  
AND POWER FACTOR IMPROVEMINT 
FOR NONSINUSOIDAL SUPPLY 
SYSTEM * 

Let a nonstnusoidal voltage source is connected 
to nonlinear load* The instantaneous values v and & of 
the voltage end current, respectively, may be generally 
expressed as * 
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Vn $ln(rt+%)+ 2 tVm  Sin  (znwt+  am)  e.*. (6) 

Tho instantaneous current I contains the group of harmonics 
procant in the voltage vand a further group p not present 
in the voltage0  i.e. 

I = V2 t In Sin(nt + 	+ 91)+V2 E yin(øt+u+ø) ... (7) 

The average power P has the period T of the instantaneous 
vi produCt and contain only the n harmonic tormso  

V : + fTvjdt n 

U the voltage boo a period T a  and current Me ported Ti., 
'the apparent power S at the supply terminals i given by 

', 

T0 	: 	

.• (9) 

I TO So 	-L f v2  dt 	A= j (2 £ 	Stn2(rt+) 
eo 	 1. 

in 2 2 	n 	ta 
+2ZV Sin(t+(tin)+4VSin(r*t+x)EV. n1 in 

$tn(inwt + 

t v2(l_Cos22ntt,.a))+ 
v: (1-cos 2(trn4t*(x)) 

+ 2 E £ VrY (coo(nwt+mwt+u,a ) 	 )fldt 
Ii 	 in 
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,Therefore* j --  I 	v cit 	( 	V + E Vto  ) 

	

eo 	 1 
n 

similarly 

 

TL, / 12 dt (Z I + £ 1 ') In I P 

n 	m 2 	2p 2 Sot 	(Z 'l  +Z VI M )(ZI +ZI)  

White P and S both have the dimensions of volts multiplied by 
aTflPeZOS, they are totally different In character. The 

power, whore $ 
has no- physical  nature at all, but is a-ftgur&of merit - - 	- 	- - 
representing the energy transfer capajlity of the load* 

The total apparent power S may be resolved into 
three analytical component defined as the active apparent 

' power SR#  the true .,sacttve apparent power S and the 
distotti.on power 3D' where 	 - 

1 Coa2  Ø 	P2 	 (U) 

' 

1 fl 	fl 	2. 
VA 	I Sin $ 	 •,. 	( 12) 

r 	It 	2 P In 	fl. 
(13) I n 1  p 1 rn.1  

The co 	is S, S and 	sum io S as follows * 
2 	2. 	2 	2 S 	S + S + 	 ,,.. 	 ( 14) 

If for example, the voltage contains harmonies of order 
1, 2 and 3, and the resulting current contains harmonics 
of order It  2 and 4. 
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(V + V22) ( x 2cos2Ø + Z22Coe2Ø2) 

2 SX =(V12  + V22)(l12sinØ1 + 

2. 	2 	2,2 	222 	2 80 (V1+V2)14 +V3 (11  

j s 	(v2 + V 2  + v 2) (112 +122  + 14 ) 
Cr 

Por I near .  loads the distortion power SD to 0, but S, S 
are uncMned $ and S may be thought of as being related 

to hythetical current i and i flowing in the purely 

resistive and purely reactive impedance branches of the 
load equivalent circuitL(frornqn . 7), 

a
------ 	- 	 - 

Y2 XCooc Siri(nt + 	) 	•. 	(15) 

n 

C 

	

LX'  V9lnsin 	OS(UWt + x) oo '  (16) , O) instantaneous inductive current will have negative) 
am:plitude. Current i and Ax  have the =s form. 1The 
formula E V I Sin 9f n has no scientific basis, but is an 

I 
arbitrary mathematical statement so that 

a 
£ tin 	x 	•*' 	(17) 

It does not represent any real physical quant'ty, 
and circuit compensation of this formula would not result 
n*aximun power factor operation, 

Also#  frequently quoted in the literature is the 

term distortMA power 0 given by 

= S2 	2 - 	SD 
	 .,* 	(18]*0 
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Sop 0 like Q., is an arbitrary y ma ematIC -1 value without  

physical meanie 	Certainly one may consider analytical 
components of S. but there is no scientific justification  

for chosing q and D as defined in equation (17) aand (18) . 

Zn any circult# linear or non .i ea # reg rdiess f the 
waveform, the power factor is the factor by which the 
apparert powermust be multiplied to obtain average  ►ower P4 

(Referred to I ] ) 

Power factor 	Aparent power 	VMS  Lrms  

Vflx + S 

E +  

Power fat ox 	resents a figure of merit of the character 
of poet co au pt o 	Its low value indicates mainly poor  
utilisation Of the source powercapacity needed by the load# 

If circuit o e :s t o is sought in nonsinusoidal 
circuits, tis maximum power factor is realised by the 

n 
compensation of S, not Q 	 ,n , The serious 
drawback of the reactive power is that its compensation 
does not lead In general to maximum power factor opera tin. 
For example# Q is for nonlinear load, characterised by 
Eqn (6) and (7). should reduce to zero by connecting a 
capacitance C in parallel with its , Then what is worse, 
the power factor may be deteriorated by the compensation 
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To illustrate this#  let the r4rnerica1 data for the source 
voltage and the, load current In connection with equation (6) 
and (7) will be taken later* CapactancoC is connected 
parallel with nonlinear load, is  

, V 	 •_1 

in 
	Of,, EVfl In  Sin 

C 	 () 
n 	a 

"Mil Im"An Eqn. (Z) yields a Positive Value for 	 tive 
character. The individual pja*e angle of the resultant 
current harmonics are given by 

in  sin 
rn  Coo n  

taflW1 	
. 1% 	

tan 	= 	•.. (21) 
Li 

NUMERICAL EXAMPLE : 
.,-.) 

V9  = ZOO V all other harmntce = 0 

I=ZA 	 .—do 

4/L rad 

= 314 red/sec. 

Solution: ... From Ego. (20)p the capacitance C for 

total compensation of Q  is 

C 	x l L J  
314 	100 x I + 100 x I + 100 x 

= 1.62 x 10' farads 
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On oubetituting In Eq.n (21) the phaco ang1D of the 

ocu1tont hoiuonico eo 

Rocu itent effective values of the cuxont he.xonco are 
calatod from the *XPIT0001004 t 

(V 2  n2øC2  + 2VZI nø Sin 

IMI * .  ( V1  ciøC)  

Substituting in qn,* (22) and (23), wo obtain 

056 A 	0.35$ Aa I 
q  0 

 a 0.459 A 

The calculated apparent poc.za boforo and oftoz the 
componootton of 0 are xoepcctivoly 

/2  
$ 	+ :02 + 	1/2,12 + 12) 	

245 VA 
and f/i 	 h 

S (loon  • 100 	1002) (9%2 + o.ssa + o,s+ Z21I4 

o 260 VA 

As the average prior is not affected by the addition. of C, 
it is readily aeon that the povier factor hee deteriorated, 
in this o,iampis, though the cornponoaton of Q. 

To eliminate thie drabacIt, rocttvo pwz co given 
before will bo Cow cod to be 	reactive 	r $, V Moro 

ZX 	z 2 	 ...24) 

The word tzuo moy 000fly load to the interpretation 
that a real phyatcal øntity to invo2vød The tom sx  van nol 
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be totally compensated by mans of energy storage  devices 
if the voltage is nonsi nusoidal, but may be reduced to 
minirou* value 	6xmi * The Justification claimed for this 
definition is that minimizing Sx  by means of (linear) 
storage devices load$ to. the maximum power factor. Power 
factor of unity can not be realised at all in a nonsinusoidal. 

However#  an essential inadequacy of equation, 
is that it is in general, discOntinuous, and therefore,, . 

can not be truly rninimized, To appreciate this#  a very 
large linear-  Impedance Is assumed to be added in arallel 
with the Zoad 	ALt ou h the current may be considerodto 
be unaffected#  the group of az 	that is now present in 
both the oltsgc. and t 	t Is ( 	. The now value of S 
denoted S' will be  

,) 	( V + 	► ) ( I 	n  .negltgibXe terms) , ( ) 

3X  Is therefore Increased discontinuously by the term 

m 	Ind' Si 	Although g the minimisation of 5' 

by means of energy storage 	 leads in fat, to 
a relative optImum powerfactor, the minimum value of "t x 
may be greater than the original S. before compensation.  

To consider a octfase, the general expression  
for S' after the addition of a capacitance C In parallel 
with the load is first written as 
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n2 m 1/2 n 
(ZV+ZV) 	X(Z(VnttC+1 sin 4)2 + 

v 0 c2Y2  

The ninimizaton of eq. (26) with respect to C can be 

done as bc1ov I.  

Zv2+EV2  !LS, )

MR -  

nic + 	sin $)2 + v2  ni2w2c2 31/2 
I In 

1$in4)+2Vm2ø2C) 

for minimisation 

v o , 	n2wc + 	nu sinç 4 + av m22C 0 

E vnzsir4) 

C 	 . . 	(27) 

V 2 rn 2 n 	mtm )ø 

)" C (Xs&n24) 

V2 2 ø2'C2 + 	m2 2 	2V ZnCsi  n4))1  Inn 



n 	in 	/ 	2 $ 	(ZV2 +EV2 )1'2 (ZZSS,n 	+ 
XffliflI t 	I.. 

• )2 
1]./20 

-- 	 _______________________________________ 

Z, V2 42 + z 	M2
n2 +vm2)j 

v2 )Z/2 

• V1  

Z V2 	VM2 M2 

Substituting the abcwe numerical. data in Eqn. (24) and (28 

WO obtain 

V7 	V9 	ico v 
IA 

I  ft 	%/3 rad =  

W a 314 rd/SOC, 

sx =C xco (12 IC 
Q872)]/2 = 87 VA 
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51 	
.1/2 

	

zmin (1002 + .100 2 + iOo) 	* 

2 2 	 1/2 
(1 x0.867   	 n] 	149 VA 

	

100 + 10O x 	+ 100 x 9 

may be thus greater than the original Sy  before Xmin 
compensatIon. Therefore the assertion that S 
meed by power factor optimisation Ia not#  in general, true. 

NEW ANALYSIS OF THE APPARET POWER I 

To remedy the above coiutin, a now analysis of the 

apparent power (I) in terms of the componèr•. ts P, SQ1 S 

is suggested as follows s 

P =X V1CosØ 	 •... (29) 

SQ 	V3,( 	2 	 (:30) 

m 2n 2 2 	2 (Z V rn ZI Coo øp+V  e tI 	f 
1 	u.. 	 a. 	Tfl' X 

(V1 Co 	.. V 	
cos ØJ2]1"2 	

(3J) 

where both p and y vary from I to n 

In this analysis P Is the average power, SQ  is designated 
the quadrature reactive powor, and Includes all like fro 

quoncy and cross'4requency reactive effects associated with 
the quadrature components of the ti group of harmonic 
currents and S. is designated the complementary reactive 



Power and includes the cross-frequency reactive effects of : 

(a) the inphace components of the harmonic currents 
in the n group. 

(h) the harmonic currents in the p group 

P2 "o SQ and SC   add up to the square of the apparent 

power,, i.e. 

2 	2 	2 ((zv + 	 Vm )(EIn +I))P 

One of the advantages of the above analysis over 

previous ones is that the component SQ  is continuous, and 

Its minimisation by parallel connection to the load of an 

optimum linear capacitance c0  of inductance Lot. (depen:d.v 

ing on the load character) leads to a maximum power factor* 

The expression for Copt  is from equation (27) is 

•ii I 	V nX 	 in 1W an n 
opt 	: 	 (32) 

EVn+ E V rn i n 	m 

Similarly 

m in +E 
a 	 ... (33) 

• £ VXSinn 

A further interesting property of the new analysis 

is that the addition of a lineqr capacitance or inductance 
in parallel with the load does not affect the component P 

S 
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and c. This confirms the above assertion that the capact 
tive or inductive minimisation of SQ  results in the optimum 
power factor. 

If C  r example a capacitance C is added in parallel to 
the load characterised by quation (:) and (7). the general 
expression for the apparent power in terms of C is 

	

S a (E V_. + 	4X +V,fl2CJ32C2  +2'lnwcSint) 

in 
+ 	m 	+ P 	 34) I n 

The differentiation  o ' equation (34.)  w th respect, to 

and equating to zero loads to the Some Copt  s that expressed 
by Eqn. (32). Slmilar y# when this procedure is used for an 
inductance connected In parallel with the load#  equation (33) 

for -.,,t  is obtained. 

SOWER factor properties in relation to capacitance 

	

 
Compensation 	'sown In table No. 1 

Harmonic filers are widely used for power factor 
• improv ent in connection with dc, transmission lines or 

links* This method can be extendod to n voltage harmonIcs, 
The compensation circuit will have n branches i.n parallel 
each branch with (n-i) filters in series with an adequate 
InOr lvo element* Nonlinear capaci tore and saturatod  
reactors are the best suited eieent to compensate the 
harmonies generated by nonlinear loads* 
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0 
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This now quadrature reactive power definition SQ  
possesses clear advantage over previous •def nitIon, as in 
connection with power factor improvement. As the loosle s 
devices are generally used for power factor compensation,. 
the øttrimisatioñ of apparent power loads directly to the 
optimum power . factor.  

this 
An additional advantage of 4Ldirect  approach is 

that it uses the apparent  ,power that is closely related to 
economic and physic.. factors, This is in contrast to the 
various reactive rower definitions in which physical 
meaning are obscure or nonexistent As is well known the 
apparent power represents t e economic effort In turns of 
the  neration.#  transm ssIon and switching equipment as % efl 
as the losses necessary to soapy the power to the given 
lad,* At the same time, it is equal to the maximum average 
active power that could be drawn from this effort 

1 2 REACTIVE POWER r' A R RENT POR NONSINUSOIDAL 
SUPPLY SYSTEM 

in some reactive power meters « such as electro#,  
dynamometers with a large tnductve impedance In the 
series with a movable coil # if one signal corresponding to 

Ine-wave 
the voltage or current is not a pure 4 rw+ v  the accurate 
adjustment is a problem.#  and the error Is , usually large 
Furthermore, if both signals dire not sinusoidal the me sure . 
ment will be totally incorrect. Precision measurement of real 
reactive pat-jet is Also important n order to standardize the 
reactive loads. Based on the above considera ions,, a now 
reactive power motor is described for nonsinusoidal supply 
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syste s Foiicwtng two different methods are described 
to measure reactive power for nonsitn aoidai supply system, 

(4.12l) 	EThOD(t) 

THEORY z "phis -  method 71 Is based on the mathematical 
process of orthogonality that applies to functions that can 
be a pr s ed by Fourier series, 

Lot us conider a system fed from a nonsinusoidal 
voltage source 

n  
V 	Z V2 V. Sin (flwt .- an) 	 ( 5) 

0 
with the current given by 

I 	1! TM  Sin n 	M,) 	. 	(36) 
0 

A frequency controlled Ln/Ctrs oscillator controlled by  
a staircase to got the harmonic frequencies of (35) and (36) 
makes it possible to got a double series of terms Al osaI  
and ,A1Sin 11  where AI  Is a quantity proportional to the  
first harmonic amplitude in ( 5) and (36) and Irl  is respective 
harmonic phase angle. Algebraic manipulation of these terms 
leads to the expo Baton for reactive powers 

Let Sin tot and Cos rwt be the signals generated by 
the Sin/Coo osc llator.# with r It 2,... K. If we 
multiply Sin Wit, Cos xit and v, i to obtain 

fl 
Kj 	E ' 2 Vn  5th (nwt, 	at) Sin rwt 	( 7) 

0 

n 
K2  = E 	Sin (nwt — an ) cos rt t 	... 	(38) 

0 



El 
3 = z (2 1m sin (mwt 	) sin rwt 	•• (39) 

0 

	

K, = t V2 m n (nu 	p) Cost 	.. (40) 

If we integrated these functions between the limits 0 and 
2% and Impose- the orthogonal condition# we obtain the 
following expression 

V 

1 	0 
m=nj n r 

In this ease we got 

,i 	 doh y2 Vn in(nwt an) Sin rwt dwt  

	

` 2n 	14 	sin sit 	a n Sin .rwt) dr • 

n n 
= j- j' 	 )*Cos((n~r)wtu ))dwt n 

Since Sin x Sin y 	Cos(x y) - Cos(x+y)) 

f'2 £ 	Vr(COG (1* xr) ► COS( 2)t a) ]d t 

Where a = r = m 

F £ l 'VrCCos ar l Cos 2rwt Cors E. -►Sin2 atS rar]dw1 

Z q 
0 	+Cis 
M1 	 4 

	

V ,[(Co ,,)Wt 	2 t Cos tx 



L 	v r 	 (41) 

2n L2 	K2  dwt 

I ft 

f ' z f2 V S1n(ntt a) Coo rt dwt 

2* 	Ti 
/ fV2 I 
0 	0 

+ Sin 

Since Sin x Cos y = A[sin(x+y)+sin(x,),y)1 

r j211 	£ YrtS (2rtt* 	4o Sin 

q vrCsin 2rcit Coo a. - Coc2røt 

Sin 	dwt 

cos 2rwt Cos M 	Sin 2rt Sina 

2; (Sin a1)ct) 
0 

L2 	vx  Sin at 	 (42) 

StrnUary, 

L3  .4L 
1r COS 	o*.4.* 	4** 	(43) 

Sin 	 () 
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Zt is easy to see that if we realize the operat tonsopera  

L2 -»1 4  

or i4v , IV  5th + ,Cos Pr  + V  It  Cos Zr  Sin  Pr 

We get0 

V I in Oat 

which is the reactive power ccrreeponding to the r harmonics  
Total reactive power is attained when summing algebraically 
para , reactive power of significantheroics The 
operation performed by 

i4 	VlrSifl. 	 (46) 

is the reactive power,: except for a •scale, factors 

BLOCK IAG U i 

Figure (3) ie the block diagram of the reactive 
power meter # The system works tdth nonalnusoJ.dai. signals, 
expandable in Fourier Series in w hich the fUnd:ental 
frequency Is O HZ 

Here signals v and I given by aqua tions 	and 
(36) are gated at the input of the ,must plier .1, 2 and 3, 4 
respectively. Frequency controlled in/Coo oscillator 
generates the singals Sin rt and Cos rot which are gated 
at the input of the muitipiters 2 3 end 1, 4 respectively.  
output of these multipliers  are the analog signals give by 
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z 
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equations (37) to (40) denoted as K1, K2*  K3 	The 
controlled unit is realized with IC—CMOS generates the 
different waveforms shown In, Fig. (4) as presented by t73. 
The clock frequency is obtained from the 50,  Hz a. c. line. 
The stcircae signal E onttoio the frequency of the 
Sin/Cos oscillator* Sequence F cUois the introduction of 
initial. conditions to Sin/Cos oscillator and sequence A 
controls the integration ported of analog signals K1p K2  
K3  and K4. The analog signal G = ([.3  x 	- 	x i..4 ) at 
the output of the differential circuit is the deteoted 
partial rettve power In an Imagined case, and must be 
accumulated and added to othor contributions of significant 
componenta 

Two samples and hold (S/H) circuits and one summer 
dosed loop perform the analog memory function that stores 
the total, reactive power In consecutive steps* This can 
be observed in rig. (3). A sample and hold circuIt in Its 
simplest to is a switch S in series with a capacitor as 
in Fig* ($). The voltage across capacitor tracks the 
Input signal during the time T when a logic control gate 
closes 5, and holds the instantaneous valua attained at 
the end of tho Interval T. When the control gate opens S. 

The final values Qrt' c3!2' ..... of this sIgnal 
correapords to partial reactive power detected by the system0 
Sequence H controls the S/Hl  and the leading edges of 
sequence I controls the 5/112  which samples the output signal 
J of $/Hl,, the output signal K of 5/112 is re-turned and 
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added to signal G for obtaining he accurnula.ive value or 
reactive power* The reactive mer repetition rate is 
determined by the pulses of sequence L S/ H3  controlled 
by sequence M emplee theoutput signal of the analog memory 
and holds it. dur.ng the period of sequence L. Soq once N 
Inhibits the input to the total system, and Controls /H40 

which d+ tet a the 'static error of the reactive 'power fInal  
value. This error is substracted `r m output of the S/H , 
by differential. clrc4t and finally true reactive power is 
obtained at the output terminal of differentialcircuit,. 

(44a'2,2)  MET !D Ii t  

Another method for meaeuron ant of reactive ive Power 
N 

Q 	E 	VE 	` 	' I Sin 	for nonsinusoidal 

supply system*  consists of transforming the load voltage 
and the lead current frequency spectra by multiplying 
both the voltage and the current of the load by pair of 
quadrature voltages The frequency Of these voltages is 
Increased with 	 'e a ce to any chosen. harmonic frequency 
r of the load 'voltage by a constant Value 	• The 
products Obtained are next filtered by two mutually 
symmetrical bend pass fLiter. which pass the 5ignals only 
in the vicinity of the frequency c The mean alue of the 
filter output voltage product Is proportional to the harm- 
mica reactive power Q. 



MEASUREMENT PRINCIPLE * 

In order to Select a singular harmonic component 
from the load voltage of frequency w1  and Instantaneous 
value 

V r V, + f2V Cos(nw,t 	 •. (47) 
nL ' 

with the,  aid of nonadjustable filter F10  which passes the 
tgnals only in the vicinity of frequenty wf# the voltage 

V to multiplied by the voltage V. 

V 0 	V2 Va  Sin ( bti + 	 •,. (48) 

where h 1$ a number f'VOM  the St (l 2.. N), Thus WO got 

mvva2mjVavo Sin  (hwi+ca)t 

N 
+ m1  v E 11, Sin t(ht1  +tof nw)t + :) 

+ miVa  E V Sint (hw1 + Wf  + nw1)k u) 	(49) 

A component  of freuency air  0 0, sotoctd from the 
voltage v, Is related to only one V. value, indicated by 
the equality n = h, if for any number n, h 	Ca, it  .. N) 

hi+Wf sflW]  

It means that thd frequencies 

ø= (nu.h) 	 r E(o l... N) 
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are inadmissible as filter f "metes so its bandwidth 
S must be less than 4/2. The center frequency  . . of the 
filter may be taken ec the mean value of any neIghbouring 
inadmissible frequencies i.e. it rn y be equal to one of the 
values 

tat . + (52) 

Then the deviation of differential frequency h + W  " 
from the center frequency w, of the filter iiat be limited  
by the fallowing inequality. 

( f  WC) 	 4 
	 (• 3) 

as ilustratod in Fig, (6).  

If in aseband 1w - r c < 0/2 of the filter the magnitude 
of its frequency characteristics (J) has a constant 
value K1  

In Which G1( w) denotes the phase Shift characteristics of the 
filer, and t it attenuates the signals from beyond its 
band, pa ss efficiently enough then the output voltage of 
the filter is 

V2 	m1  Va  V Sin ef t + an  { 1(of ) 	, . (5) 

If the voltage v is applied to a load of 

(t1) 	Z oa 	 #00 (56) 

be impedance for taxnonic frequencies, then the  
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instantaneous -current of the load is 

N 
i 	to. + f2 t I Cos (nø t - Ø) 	,,, (Wi) 

with (z - P) 	or, 	 (5$) 

Lot US Multiply this current by a voltage Vb.pf  the same,  
frequency as the voltage Va# but shifted with reference to 
it by an angle lrb  i.e. 

v1, 4 f2 Vb Sin t(hw1 4-Wd t+  1% 	• () 

Their product V3  has the form 	 11 1 

v 	m2  i 	2 m2Vb 10 SiflUhlU1+wf)t+ YbJ 

in 	+ 	nø)t + On + 

i, Sin 	+ 	+ Awl) t 	+ YbI .  

wheTh m2  denotes a dlmonatonal coefficient. If this 
voltage is filtered by the second filter F2 .1

simtlar to F1., 
which for 	< - B/2 has the following frequency thatac*-  
torts ttc 

• (w) 

	

K2(j) 	K2  	 (61) 

Then its output voltage is 

	

V4 K m2  VI, 	Sin t()t + 	+ 	: 	.. 	(62) 

The mean value of the product of output voltages v1  and V2  
measured by a moving coil voltmeter, 



ft 
A 

CE x 

,, t 
Q5 

IZ141 
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V. m3v4 4ftm3v2v4dt 

KlK2mlm2m3VO VbV fl ifl * 

Cos ta -Tb  - .9(øf) .+ 	, 	(63) 

	

For 'b 	 (64) 

(65) 

is proportional to reüctive power Q., of the singular 
harmoM4 component of frequency nco j  

	

v = 	 la 	 (.66) 

In which 
(67) 

According to the above considerations.- 	the On 
power motor has the structiro ohown in E (7), Aside 
from the three multi41ers and a moving cil. voltmeter, 
the motor requires a source of two voltages shifted in 
relation to each other n/2 phaso angle# and a pair of 
narrow sand pass filter's of very similar phase shift 
(G1(w) and &2(0)) cractertetics. However there are 
no special accuracy boundaries in order to fulfil these 
requIrements. Itis worth noting or worth considering that 
if the load curront to n, itipliod by the same vo]tago vat  

that the load voltage is multiplied by it, then the average 
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network output voltage V is proportional to active power Pn 

of a hrinontc components but not to the reactive power.  
If the meter is equipped with two memories"I and 1A2 which 

store the output voltages V of the, averaging network, 

then the motor simultaneously provides two voLtgGs 

proportional to both the active and reactive powers.. 

4.2 

4.2.1 DEFINITION Of REACTIVE LOWER AND POWER FACTOR 
IMPROMENT FOR NONSINUSOIDAL SUPPLY SYSTEM s 

In this appr*ach#  the apparent Power is divided into 
an active P*WeX. component, a reactive power component, 
and a reSWuai reactive power component... Esstta Uy, 

taking the voltage as the referenc this receives into 
divIding the current 55 

(1) ACTIVE JRRBNTMPcNENT 	whit has the same 
waveform and phase as the voltage ( 	and thus the 
same wavefozm and phase as the current in resistor 
with the same voltage across it) 

(2) (a) INWCUVE REACTIVE CURRENT COM2ONENT oo. 	has 
the same waveform and .phee as that of current in 
an inductor with the same voltage across it, 

(b) CAPACITIVE REACTIVE CURRENT COMPONENT -. which 

has the Gamo waveform and phase as that of the áurrent 

In capacitor with the same voltage across it. 

(3) RESIDUAL REACTIVE CURRENT 001U)NENT - either 
INDUCTIVE or CAPACITIVE being that which remains 
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of the total current after the active and the rospedtte^ 
inductive or capacitive reactive current components have 
been extracted* 

The actual .magnitudes of the active. inductLve 
reactive# capacitive roacttvo components in the totel 
current are deterrnied deter 	 from the time averaged product of 
the current and the reference waveform. Each, of these  
quantities can be either positive or negative* When the 
the capacitive reactive  co n onen of the current Is nega 
Live it can be co pleteiy compensated by a shunt capa 
cLtor of sL Uta to VALUOt SimIlarly, wh n the Inductive 
reactive component to negative*, a shunt Lnductor can be 
used to acconplish the sere result, The residual reactivo  

component # having no reference # s , always sieve and  
compen a ti ►n . by means of as t 	components in not 
possible. 

A simUr breakdown an also be .Made of course *, 
using the current as a referenee# with essentially the some 
esults#  Howe . , since the Voltage in a network is normally!. 

maIntained more Or * constant,. with CuZrefl,t as the 
variable, and s nve the current, is the quantity involved 
to transmission network losses The voltage wilt be retained 
as the reference here, 

when s nusotdt condLtione o are the residual 
component of the current is zero and the inductIve and 
capacitive reactive components are do ai in magnitude,  
but opposite in sign Complete compensation for an. 
inductive load can be achieved  by the application of shunt 
capacitors and correspond ngly#  a capacitive i.aa 



capacitoro and correspondingly a capacitive load can be. 
compensated for with shunt induttori 

With a nonsinusoidal voltage and linear loSdeD  the 
residual reactive component of the current to oot noce-
seari3.y zero and the inducttie and capacitive reactive 
current components may be unequal, and both positive or 
opposite in sign*. An inductive load will have a positive 
inductive reactive component and a negative capacitive 
reactive component, whigh is smaller in magnitude. Thuc 
only partial compensation c an be athievedG A similar 
result is obtained with a capacitive load, With a combined 
inductive and capacitive loads  the inductive and cpacitive 
reactive Components may both the positive and then no 
compensation y  pea sive linear components is possible* 

with a. sinusoidal voltage and a nonlinear load 
the inductive and capacittve eactive currents components0 
if present* will be equal but opoosite in sign and a 
residual reactive component will also be present, Complete 
compensation is therefore possible by passive means of 
the inductive or capacttive reactive component but not fox. 
the residual ampnent. 

With a nonsinusoidal voltage and nonlinear ioad the 
inductive and capacitive reactive components, if  present at 
ail s  may be both positive or op posit' in sign, and not 
fleceArt1,y equal in magnitude4  Partial comons:ation is 
possible but then only if a negative component is present* 



MATHEMATICAL ON$IDEVTO4S * 

Lot 
v, V be respectively the instantaneous and rme 

valuec Of the voltage 

v V. be respeCttvy tho i*stanteneous and ros 
'values of dv/dt 

ba rasPecttv.3.y the iflCtitafleGU* end ms 
vaiu.ea of the eZterr.athg coixnent of IV dt 

III be respectively tho instantneoue and xns 
value of the current 

APPAar POWER 1 

The appaznt power S = VZ 	.. (68) 

he activo power P 	 j 0 

or 	p4lryjp dt= VIP 4.  (69) 

whego.&p and I are respectively the in0anta4eous and 
VMS ACUV JRErTS (ie, the active power cnrnponen't 
of the toial uxren.t i) Ono 

24 /T V2  dt, 1  xap 	4T 14t 
0 

from Equation (69), rms active current 
+rT vs d ) 

... (70) 

for reistive load ft, I i 

Multiplying by V2 	
vip 	 p, Since V 2/R P 
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the instantaneous active current t 

v(f J vi dt)/v2 	... (71) 

REACTIVE POWER 

The instantaneous REACTIVE CURRENT 

The rrns REACTIVE CURRENT 

The REACTIVE POWER Q 	 (S2 P2 

The reactive current is further divided Into either an 
inductive or 08paoitive component and a torresponding 
residual inductive or capacitivo component. Ref*rring 
to Eqn., (69) and (?O)*: by deftnitionv 

The rms INDUCTIVE REACTIVE CURRENT 

Tqi ( 	i d)/cf 	 (12) 

and its instantaneous value i 	( + ( i dt)/ 

The INDUCTIVE REACTIVE POWER 

= V(+, T Vidt)/V 

The .rme CAPACITIVE REACTIVE CURRENT 1qc t(4d vi dt)/V 

In applying  thoce concepts, it is convenient to 
define two ompoeit frequencies 
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Thus, for a voltage - 

v=2 ( V Sin 	• V 2  Sin (Zt+) + *..•. 

+Vk Sin (Wt +k)) 

V= (v 2 +v22  , 	+ 	. 

V = (X/wWCV12  + (v/2) + .•... + (v1 /k)2 J 

= 4tV12  + 2V2)2  + .... + 

to 	WV/ tV3 + (1 2/2)2  + 	+ 

0 v. 2 	 _ 

	

03? 	V/yEV3.2  + 	+ 	( : 	] 

VtV + ( 2V2 )2  + 	+ (kvk)23/V 

food 

	

3? 	 + (2V2)2  + 

It Is Apparent that 
The XNDUCTIVE REACTIVE POWER VX 	t(4 T 	dt) 

The CAPACITIVE REACT1VE, POWER VIq 	Cf fT Gi dt) 

The main value of these composite E.requenctea 
however is that they can ba Used with either an,  Inductance 
i or capacitance C to obtain the equivalent impedance 
under nonatnueoidal condittons. Thus for an inductance 

• Jv dt = Wt. 

and 1q, m V/L = yb 1  L (Since w = vi V and 

A 	4 	_t t 



Sinilariy for a capaci4nce 

1qc 	VoC ( Z equivalent.  

The instantaneous RESIDUAL REACTIVE CURRENT either 
INDUCTIVE or CAPACITIVE, Is obtained by subtracting the 
corresponding linear reettve urrentc iq, ox Iqle  from 
the tot4 reactive cUDeUt 

ttqqliptqi 

&qcr q iqc tøLp 'tq0  

1qi2 	12 1 2 

12 Ip2 I 2  qç ) 

y(s p2  Q12) 

Oct 	 r •J1 
tir"v 17&/3J 

Application of this technique i.e. power facto 
improvement can be illustrated by consk etng the effect 
of adding caàcitance C in parallel with an Inductance L 
under nonsinusoidal voltqe conditions, For euch 
circuit, the following rei+ationhips derived as shown 
below. 

The Inductive reactive component of the total current 
is given by 

= V/*13L u Vø1C 
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where 	is the inductive reactive c*mponent of 
the current through the inductance L. and 

VC to the inductive reactive Component of the 
current through capacitance C 

VOIC can be drivod from equation (72) 

4;3.= + TVid%/V a-114 ic1 .=C. 

• 1qi 	
4T3 dt), 	( 4ui v2  t)/V 

The remaining tompohent of the current tough C 
which Is the residual inductive reactive icomporiont 141r f is 
orthognai to the inductive rocttve component and can be 

obtained from the total current VWC through C by the 

equation 

1qir 	Y((vøc)2  (vwc)J = VcVt)2  . (w)23 

The eqattons for the e4pa4itive re ctive and residual 
capacttve eactie current Can he d*rtved similarly 

cC 	OC 40 V/0014  

1qer c 	 )2 	
(ç) ft(z)2- (2) 

I Zq T(.XI Iqir2) 	"qc2 4 Zq2) 
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Plots of these fIve CUOflt$ ( 1O+ 1q j# 1qir' 1qc 1qc 
and Z•( £q)) against variable C for the veriotIs Combinations 
of fundarngtat and harmonic voltages are ehon in Fig. (8)I 

To plot the five currents following quantities should be 
calculated as below : 

Voltage V 	V V 101C 

(Sin ot + Sin 2 Wt)/f2 1 	____ 1.5810 1.265to 1.60w 

(Sin of + Sin 30t)/1 f2 I 	0.745/w 242360 1o342 2e24 

(Sin wt + Sin 	wt.)/2 1. 	0s721/..; 360 1.3870 3*61(i3 

(Sin wt+ Sin wt 
+ Sin 6 0-0 /0 	1 0.619/w 30416w 1,614w 3.42w 

For comparing purposes, those piOto haye been normalized 
It 

Is present, in each that at C = Ot a negative I Is present#  
therefore compensation by adding C to posetbleo The 
optimum value is achieved when the total, current I Is a 
minimum and this occures when I 	0. The attuaj 
roductons in total current I that are realtzod by adding the 
optInum value of C are listed below. Here resultant current I 
will be equal to residual caacIt&ve reactive current 
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FIGUREt8) Effect of Capacitance in Parallel With An Irs,iuctance On The 
Current Components for Various AnoTied  !tages 
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PERCENT CURRENT REDUCTION WITH 0PT1IUM COMPENSATION 2 • 

Pig*rO 	voltage 	 Perccnt reductin 

(Sin t + $tn 2t)/ 	 x 100 = 4Qv  

(Sin t + Sin 3t)M2 X 10 es 20P  

a 	(sin t + Sin t)/(2 	 x 100 

4 	(Sin t + Sin 3t + Sin t)M3 	 x 100 = 

so that by thoosing tho opt 	Value of capacitance C 
we can reduce total current j  to miimUrn value as clearly 
son in Eig.(8), Therefore, we can improve the power 
factor and thus min&inizoc tho lossos*  

4 	CTW B POWE'R 1,41EASUiU3MNT FOR WONSXUU$OZDAZ. 
SUPPLY SWSTSM 9 

A circuit measuring the various components of the  
current under distorted waveform conditions according to the 
proposed method of anolysis is shown in Fig (9), The 
current circuit accepts Instantaneous values Of the voltage 

and current I and separates the currn t Into its active 
component i and reactive c*mponnt 	(at switch position I) 
or Into the act&ve (ip)D  inductive 	and residual 
indutive (iq ) V  reactive comPbnents (at aw'.Uh position 2) 
or into its attve (in) eapatt&vo 4) and residual 



to 

i 

i g -- (9.) 	i ?c /ive / Reacf ve Curraez J 8riccly yer 

-vip = -p 

• CURRENT 
RMS/DC 

• l v 	ANALYZER 	V vitc• = a;.. 

3) —Vic _ 

	

Ftg - (io) frIoc 	 fivr, To Current Analyzer Far 
~leasuremenf Ol Reacce`Acf've COmmone nrs 

D( Power.  . 
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capacitive (jqCr) reactive  component (at switch 
position 3) • The sign of the actIve component t isP  
dotermied by de polarity Integrator Connected to Point a 

and that of the inductive  or capacitive reactive component 

I andqc respecttve].yi by a dc: polarity indicator at 
point p. 

At switch position 11, multiplier 2. gives the output (VI  
and it is Integrated In integration S. Output of the 

integrator S2  is multiplied with, v by multiplier I give 
result with Polarity at ( .. I noting that multiplier 3 
has gain of (1/V2). At the same time + I.. Is obtained 

al 
using operati*iampitfier : 	eunner at the output 

terminal of operational. amplifier B - 

At switch position 2# i Is obtained in similar 
manner 40 abevs. After operation Of thtegrat S3* 
multiplier 4 integrator 3 and multiplier 3 of gain 
(1,1 72) Inductive reactive current with negative polarity 

i is obtained. At the same time after using of Opera' 
tional amplifier B  as aummor#1qir ' (I 1p iqj) 
is obtained at the output terminal of operational arnpii-
flex 

At switch position, 3#  Maing differentiation 0 and 
multiplier (3) of gain (/ 2 nd integrator and multimo  
pliers as in same manner as at switch position 2 a 

tqcr, (I 	l- i.) are obtained.. 



55 

The circuit can be- adapted to indicate the corrs 
pending components of power by a simple modification at its 
input as shown in Eig. (io) Pig. (10) consists of 
arranging to multiply the input current I by the rms vaLue 'V 
of the voltago v. All outputs of current analyoZ  are then 
Instantaneous ouvrents,  components multipliod by V and thus 
indicate instantaneous Power4 terminals are provided for 
displaying the co'reapordtrg lits t ntanooue values on an 
oscilloscope, 
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iw.--,  -14  
EXAMPLES 41) 

Suppose nonsinuvoldal supply produce, 

trianoulax wave as. eh0V. In Fig* (U) • One cycle  of 
the wave tan be expressed mathematically between n and ono 

From Fig* (ii) we have 	a) at an angle 0 where tans 

V 
f(a) 	 0< 12 <n 

also 	f(u) 	+ 	 i i ( U ( 0 

(Since f(u) will have a negative value' in the 
interval 	<a <o) 

(i) Constant term a0  

100= 	 2n f(a) da 

Prom F$4 (II) it iS clear that in one cycle of the 
wave between -is and +n the positive area. is equqi to the 
negative area. Hence., a0  cm  0. 

(ii) Coetficett Of Cosine torm 

f t(a) Cos n%  da. 	P f(a)Co* nu da 
.0 

am da 

4`02 da  3 	 0 



1.01. 	I 	 3. 

t 
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(iii) Coefficient of Sine terms : 

	

b = L 	 f(a) Sin na da 

= I r, f (a) Sin na da ts I JM ccSin nu da 

	

1* 	 V 	Coo ne da,  aJ 
nn 

The integral vanishes since n 

Hence simplying 

fl+ ( 4 )X 

Thus the Fourier serLe 

= % + 
	 sin at  E art  Coo na +  
nol 

where, 
a constant 

amplitude of- different harmonics 

a = indpendent Variable 
integer such as 1, 2, 3, etc. 

Therefore, 
(Sin U_ Sin 2a+ Sin 3a 

v Sthx 	jnfo 	Sin 3a. 	Sin 4a+*,,) 

Graph giving amplitudes of different harn.onico is shown 
in FL 	(l2) 
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Let V 	100 volts, z . 	 400 red/eec, 

v = (63.64 Sin .400 t 3183 Sin WO t + 21.22 sin 10 t 
1892 Sin 1600 t 4 12.73 Sin 2000 t 
10.61 sin 240G$+..... 

t 16.2. Sin (400 t + 26.6) oo 2.8(800 t+ 64) + 

1.2 Sin (1200 t + 68e2) Q.865in (1600 t + 72..4) 
+ 0.32 Sin (2000 t+ 78..3) 048 Sin (2400 t + 84.3) 

2 	+ .... 
V 	V12  + V2 + V 32  + V4  + V82  + 

V • V ((6366)2  + (31,83)2  + (21.22)2  + (15.492)2  

+ (12.73)2 + (.10.61)2) 

= 77.73 o]t& 

VA 2 
y.(v2 4a2 4 ( _!f) 2   + 

1 3 2 	V 2 
+ ( srr) 	+ 

1 L t(63,64)2  + (31483/2)2 + (21.22/3)2 

+ (15,92/4)2  + (12.73/8)2 + (10.61/8)2) 

04655  volts* 

= 	V1V1  .+ (2V)2  + (3V3 )2  + (4V)2  

+ (V)2  + (6 V6)2] 
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.0 V 	400 f[(63"66)2 + ( 2 31,83)2 + (3 x 21,22)2 

+ (4 x 1.92)2 + (12.73 x )2 + (6 x 10.61)23 

= 5U3158 volte* 

Two cornpoeite frequen4es W, ,jv 010  are determined a8 

46'.67 I V 0165 

4. 	= 6i.81 C 	 77*73 

It is apparent that 

INDUCTIVE REACTIVE POWER t 

vi 03 

suppose 
n 

vy2 E Vic  sin (lcwt+øk) 
k4 

and 1. 	2 	ZSflWt+Øk+ 

fvdt = Y2 f
k=1 	$in (icwt + 

.r 	Cos (ict+4) 

Qj 

 

41 (+ IT  ; dtj 

rn_L4 +ITz 44 (Coe(!t&t + 	x 
o 

sin (kwt + 	+ Pk))dti 



04  i.fl 

$f 4 ( Stn( 2kwt + 20k + Od 

+ sin (i3k))dt] 

n 	 ~k Sin 
 

CAPACITIVE REACTIVE POWER   

V'Iq
(,I/-t $T vi dt)) 

v to 4v/dt =4/dt C12 E
, 

	Sin (kot + 

V 1(2ø t kVk Cos (kt44) 

t2/rfT  kvkIk(co( kot + 

sin (wt + 	+ 

tz/T £T Z kVk Xk(Sn(2kot +• .2 0k 

4 

 kml 

sin sin PI) IN I + 



... 91 a 	[(116,73) + ( 3340) .+ (7.88) + (2,12) 

(o.eo) + (0,32)] 

29.43 VCtY6 

., 	-• QV, IS 	) + 2 V2  Z2  Sin P2) + •.... 

+ (6 V6 16  in 

400  t(116.73) + 	+ 	, 

+(20e0) • (112) 

25O11 vys 

APPARENT POWER 

svz 

where V * Y V1  +V 

17.73 volts, 

= f(112  + 1 + 	... + 

6.a.2 Ampo 

$ 	77.73 * 6..82 	3,49 watts* 

ACTIVE POWER 
p a 4f T vidt 

0 £ V1I1Cos 14: 
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(VI Ce01  + V212 cos 	+ 	+ V616  Cos 

= (32.92 + 44.16 + 9#46 + 2.68 + 0.83 + 0.19) 

P = 410.24 Wøtte. 

RESIDUAL INDUCTIVE REACTIVE POWER t 

f(52 p2  Q12) 

91r, o 214,05 Vars 

RESIDUAL CAPACITIVE REACTIVE POWER I 

y( 2  P2  - 0ç2) 

cr 224.69 VY 

A1iernatiYsly, reectve power eanbe ca1u1ated by 

Fourier Analysts tecnique as below * 

S- 	r2 	ft o,  0,2 2 1 	sin• pit  

fl; 	2 	2 	1/2 
or (v) (z I Sin P) 

	

44 (V12 + *12+ *132+ 	'6 x 

(12 $tn2 	+ ! 	2 	+ 	+ X2  str2  .p6) 

6041195 x (13.69) 
287.60 VarS 
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RUMPLE (U) 1 

Suppose nonsinusoidal supply i8 sourco of square 
wave as shown In,  Fig. (13). one cycle of the wave can be 

expressed mathematically betweon i/2 to 3it/2* From Fig. 
(13) 

f() 's*V for n/2 < a < 3n/2 
Fouiier seti*s fot ths wave form a an be ObtaLned as 
below * 

(1.) Constant texzn 
It can, be easily soon that between limit 0 and 2n 

the positive area of the curve is equal to negative area 
of curve. Hence 

a0= 	2i f(a)du p Q 

(ii) Coefficient of cosine ternarc' 

f(a) Coo no,  da 

(V) Cos no  dsx +f 	 (øV) Cos nx da] 
n/2 

= Ltt 	 + t  is 	5/2 	 n/2 

ns Sin 	sin(. ) Sin 	+ Sin 

where, 
R 	2, 3. 4 4• 

Choosing different valUes of n 
0 	for n m 2#  4, 6 

an 	for n = 1# 5t 9, 13.,,,, 

an 	 for fla 31, 7#  ii, 25..,. 
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(iii) coefficLerit of Sine terms arc * 

b 	j f2s f(a) Sin na du 

V Sin na dix + 41'2 -V)Sn nix da] 

QJ31tI/2) 0 
n/2. 

Hence the expression for the square wave with the origin 
as indicated in Fig, a3)  Is 

vc*f(ix) =tCosuisC0s3a + A 08  54.Cos 74 

+ 4Coo9a 	•+icoo  lie ) 

Lot V = 100 volts, a 	wt# wt. w o 400 rad/sec 

(127#32 Cos 400 t-'49044 Cog 120O+ 2,46 Cos Z00t 

18.49 Cos 26W t + 14,15 Cos 3600 t + 11.51 Cos440C 

Lot i(Lscóe(400t+z°) —4.2Cos (1200 t+300) 

+244 Cos ()00t+4Q0) -L4cos(2soo t+o°) 
+ 0,8 Coo (3600 t + 6C) + 002 COS (4400 + 10°)) 

Reactive Pow: can be calculated by current subdivision 
technique as below * 

'e*• Vf(V12 + V+v+ V72  + v92 + v1 ) 

.*, V = Y1(3.2732)2 + (42,#44)2,+ (25.4)2  +.(1.a,19)2  
+ (14,15) 2  + (11.51)2 

139,02 volts. 
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V __ vi  V tt 

!(y 
+ ( 

42 	 (iø)  2 +(4j 2 	 )2] 

.* V Vt(L2? 32)2 + ( 	
44)2 + ( 252 

+ ( 149 )2 ( A2 ( 	23 

0.321 volts 

' 'V1v12  +(3v3)2  + ( w5 )2  + (fl7)2  + (9v)2  + (11 v11 )2 ) 

400((27.32)2  + (3 * 4244)2  + (5 x 2.46)2 

+ (7 x 18.l92 + (,x 14.1)2 + (111 x 11)2) 

= 124747.81 tolt 

No composite Sreuencies are 

V 	
124747*61 

WI  m 433.08 * 	 897.34 

It 10 apparent that 0 	do wit 

INWCTrVE REACTIVE POWER * 

Q, ft V1q1 	IT Vi dt) 

n 
Let v12  kZ  Vkc (kA +4) 

f2 C 
• 	Xk Coo (1ot +4 + 

f4t in f2 . 	Coo (kot + øk)dt 

= 2 Z 	Sin (kwt+4) 
k=1 



Fin 

4*, Q, 	LTJ0;g 	(sin, (kwt + 00 

Cos (kwt +$It + 

( 4 fI 	MI *J  (Sin (2kwt 	+ 

Sin () )dt] 

CAPACITIVE REACTIVE POWER : 
Q4  go V1. q0 	t 4 XT Vi 

io 	
df V2 L Vk .Cs 	0k 

to Z kVk  Sin (tk) 
k=t 

+ ç4 kvklk(Sin (k4 + 

= - f JT 1%  
c 	

ok$ ltvkxksifl (2kt + 20k + 	Pk)dt) 

fl 
= 	Z (k V k  k$ 

14 	 ¶J 1  SLnp 
Q 	 4( 	Z Sin + 

( J*r1  

vu  11,1 sift  0,11 + 	+ ( 414 



Qi = 	((544.33) + 29.7). . 1.86 + 24 + 0.94.0.2] 

633.63 vers  

*. 	L t.(v1 i sin 01) + (3 V3 13 Sinl w~ 

	

+ (5 V3 1:3 sin P5) + 	+ (11 Vj 1111  Sin 

( 546.33 + 26749 4 396. + 107.31 + 76.14 : 24.2] 

41.99 vars 

APPMEi1T POWER 9 	$ 4m VI 

Where, V 	(V + V 4 ,..... + 	139.02 volts 

1 = (12 + 13 + .* + 1i) 	13.46 Amps. 

'4. S 	139.02 x 13,46 w 1811.21 Watts. 

ACTIVE POWER 
n 

fVi 4t 	Z Vi tk coo Pk 
0 	k4 

= (V1 41 Gas 01 + V3 13 C08 	+ 	+ VII ICos 
04,1411) 

(1495.52 + 14.37 + 46.81. 12.86 + 4.25 + 0.79) 
= 171446 Watts. 
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RESIDUAL INDUCTIVE REACTIVE POWER 

(52 	2 

40001 vars 

89$IWAL CAPACITIVE POWER 

Q 2) 

to 5l7.! vary 

Alternatively Reactive Power can be cal u1atod 
by 	ájp, Fourier An alysis Technique as below I 

2 2 SX  1p zVx 	in 

•(V) ( £ i 2  Sir2 3k> 

= (Vrm) t ¼ Sin  P]+ 13  Sin 	+ 

+ Z11 Sint u 
3/2 

(139,02)tla,28 + 4.41 + 2.38 + ,iZ + O21 •+ 0.03  

= 709.9969 a 110 Yars.. 

Reactive power is calculated from both techniques 
(current eubdlvidion technique) and Fore AflØ.yeis 
Technique) In current subdivision technique maximum 
realizable compensation of r.active power is possible 
than Fourier ana3yi•s technique, to improve the power 
factor, in current subdivision technique complete compen 
satin of inductive or capacitive reactive components 
(Q1 or Q) in possible by means of capacitor or inductor 



of optimum value connacted across supply tOTMinale,  Of 
nonsinusoidal loads Here residual components (Ql, or 

are not compensated at all. Compeneatton in inductive or 
capacitive components minimize the supply current and 
thus maximise the power factor* in Fourier analysis  tech 

nique reactive power ($) can be minimized by connecting the 
capacitor of optimum valuO across supply terminal to a value 

but will not be fully compensated.,. Therefore, we 
can say tat reactive power definition by current subdivision 
technique is move adequate than definition by Fourier analysis 

technique in relation to poer factor correction*  
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6. 	9JC1I4 S IJ4 

In readttve power analysis two techniques 

Fourier AnalytS Technique and Current Sbd&vtion Techntque) 
are ado,%te4o. To measure and control, reactive Power requires 
that itbe suikbiy defined. Above two tchniquee define the. 
react&ve power in different mon'ner. In Pourierarialysis 
technique there are some formidable equations which are not 
Only #"r difficult to instrument but which are also of litt 
use to t 	 r, An alternative technique L.e 
Current SubdivisLon Technique which 19 readily susceptable 
to being instrumented and iich will provide the operator 
with direct indicator of vohothor reactive power can be reduced 
by what means and by how much,* In view of the poweD factor 

correction* reactive power definition by current subdivision 
technique is morc; advantacoue because compensation of 
teactie power by. using etthot shunt reactors or capacitors 
is maximum obtainable in this technique than other technique.. 

In each technique, structure of reactive power 
motors for nonsinusoidal supply system and measurement of 
reactive power by these meters are explained clearly..  From 

Comparison of these two techniques, current Subdivision 
Technique has relatively simple instrumentation rather than 
Other tohrtique, In this technique various components can be 
Segregated and measured and the results can be readily 
applied by power engineers to realize the maximum obtainable 



71 

compensation for reactive powers In a ch a mo ter 
terminals for displaying the corresponding values of  

Various component on an o cillos ope, fleactve power 
motor based on Fourier analysis technique is effected by 

accuracy of quads uro oscillators and multipliers* Also 
motor accuracy depends upon the filter propertIes. 

ncluding above  di cussion current subdivision 

technique is better approach than Fourier analysis tech 
ni.q? a in all respect. 

0 
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