SCR GENERATED WAVEFORM MODELING

Thomas Blair, P.E., Phasetronics/Motortronics, Clearwater, Florida

With the proliferation of SCR (silicon controlled rectifier) power controlsin the power industry, waveform harmonic content has
become an issue of extremeinterest. This paper describes amethod of mathematically modeling the SCR phase controlled waveform.
Then this paper describes a method of cal culating the harmonic coefficients of the waveform. Then this paper describes a method of
calculating the RM S (root mean square) and average value of current for the various conduction angles, aswell asthe THD (total
harmonic distortion). The example used isan SCR with adelay angle of 90 degrees. Lastly, this paper provides the values calculated
for aconduction degreesfrom 1to 180 degreesinincrements of 1degree.

While this paper provides the reader with a method of estimating the value for THD, please realize that the value calcul ated here would
bea“worst case” value. Thisisdueto thefact that, in anindustrial system, there amany factorsthat effect the value of THD. For
example, thisanalysis assumes a purely resistiveload. Inreality, most power controls control power to highly inductive components
such as transformers or motors. In these applications, the inductance of the load will tend to cause the value of di/dt to increase. This
will have the beneficial effect of decreasing the odd order harmonic coefficients thus causing the value of THD in the actual application
to belessthan modeled here. Similarly, any inductance in the feeder circuit from either the conductors or the supplying distribution
transformer will tend to cause the value of dlI/dt to increase. Thiswill also have the beneficial effect of decreasing the odd order
harmonic coefficients thus causing the value of THD in the actual application. Another issue iswhere the harmonics are actually being
metered. Normally, with harmonics, the concern is the heating of the transformer supplying an industrial facility. Because of this, the
normal location for monitoring the value of THD is at the service entrance to an industrial facility. Normally, the SCR controlled load is
not the only load in the system. Therewill normally be other linear loadsin the facility. Becauseof this, the THD as measured at the
line leads of a power control would commonly be much higher then the THD measured at the service entrance to the system. Because
of these factors, the values determined in the following analysis can be considered worse case and actual application THD should be
some valueless.

| DESCRIPTION OF SCR CONTROLLED POWER CIRCUIT

In the SCR power control circuit, the SCR deviceis placed directly in the AC circuit in serieswith the load[1]. Thefiring of the SCRis
delayed by some time period. Whilethe SCR is not gated, the output voltage is zero. When the SCR is gated, the output voltage isthe
line voltage from the time of gating to the next zero crosses when the SCR commutates off. The voltage waveform on the line side of
the SCR power control is a pure sine wave (assuming no saturation occurs of the system) but the current waveform isa“chopped” sine
wave. Seefigure#2 for an example of an SCR circuit.
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FHGURE #2: SCR CONTROLLED CIRCUIT




[l MODELING OF SEMICONDUCTOR GENERATED WAVEFORM

In the SCR phase angle controlled circuit, the SCR is gated at some time delay (Td) after the zero cross of the applied voltage. Theload
voltageisthat portion of the sine wave that islet through by the SCR device. Theload RMS voltageisvaried by varying thetime
delay before applying the gate signal to the SCR device. In discrete format, the SCR phase angle controlled waveform is evaluated as:

¥
o dap N-Tb (N+1)-Tb
Fb(t) .—Vp-sm(ﬁ-t)- Z [m(t—T—Td) - n{t—TH

N=0
Once again, we will make the base frequency 60 Hz for this modeling example. If thereis not inductance in the system, and we normalize
the waveform to aload resistance of 1 ohm, then the current waveform on the line side exactly mirrors the voltage waveform across the
load. An example waveform isshown below in figure #3 with adelay angle of 90 degrees and with a peak voltage of 1 and a frequency
of 60 Hz.



DEFINITION OF CONSTANTS FOR PURPOSE OF CALCULATIONS:

TIME:=2p N:=180 J30=1.2'N k2:=20 Fi:=60

Tiv=— J3o
z:=100 M:=0..z M2:=1.z i TIME_, =

F B0 2k

CALCULATION OF PHASE ANGLE CONTROLLED SINE WAVE:
DEGREE:= 90 ANGLE OF DELAY OF SCR GATING (IN DEGREES)
Ip=1 PEAK VALUE OF CURRENT FOR THE SINEWAVE
Z1:=1..DEGREE INDEX FOR FIRST HALF OF POSITIVE WAVEFORM
Z2\=DEGREE+ 1, DEGREE+ 2..N INDEX FOR SECOND HALF OF POSITIVE WAVEFORM
z3:=N+ 1,N+4 2..N4 DEGREE INDEX FOR FIRST HALF OF NEGATIVE WAVEFORM

INDEX FOR SECOND HALF OF NEGATIVE
WAVEFORM

ISIN,, 1=0 CURRENT VALUE FOR FIRST HALF OF POSITIVE
WAVEFORM

Z4 =N+ DEGREE+ 1,N+ DEGREE+ 2..2'N

ISII\&2:=IpSi€p'%j CURRENT VALUE FOR SECOND HALF OF POSITIVE
WAVEFORM

ISIN,, =0 CURRENT VALUE FOR FIRST HALF OF NEGATIVE
WAVEFORM

|S|r\£4:=lpsi6p~%j CURRENT VALUE FOR SECOND HALF OF NEGATIVE
WAVEFORM
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FIGURE #3: SCR GENERATED WAVEFORM

11 HARMONIC ANALYS SOF WAVEFORMS

Now that we have successfully defined our SCR device generated waveform, the next step in our analysisisto calcul ate the harmonic
coefficients and then cal cul ate the total harmonic distortion of this waveform. Any waveform can be defined as the summation of
sinusoidal waveforms with varying coefficients of gain at increasing frequencies. Thisisthe basisfor harmonic analysis[3]. Itis
recommended that the harmonic coefficients be calculated from DC up to at least 10 times base carrier frequency to ensure accuracy for
the PWM generated waveform. For clarity, the example below shows all harmonics from DC up to 100 times base frequency. For the
SCR controlled waveform it will be seen that the majority of harmonicsexistinthe 3, 5, 7, 9, 11, and 13 harmonics and it is common

practice to just cal cul ate these harmonic coefficients.



DEFINITION OF CONSTANTS FOR PURPOSE OF CALCULATIONS:

Tsi=2N DEFINITION OF SAMPLE PERIOD FOR
FORIER ANALYSIS

Js0r CALCULATION OF HARMONIC FREQUENCIES

DEFINITION OF THE COEFFICIENT FOR THE AVERAGE COMPONENT OF THE WAVEFORM
UNDER EVALUATION

THETA ;55 =2-p-FE TIME 55

2 Ts
AOIZ?S- Z ISIN | By =0
Jzo=1
Ag=0

DEFINITION OF THE COEFFICIENT FOR THE FUNDAMENTAL COMPONENT OF THE
WAVEFORM UNDER EVALUATION

ci=1

H o= sir(THETA -cg
— . J30 J30
G a0 CO{THETAJaocg

Ts
2 Ts 2

B, =—- E (ISIN H J

<. . 21 RETIARE!
AT E (lSlNJSOGBJ Ts

Jzo=1
Jzo=1

A, =-0.318 B, =0.494

DEFINITION OF THE COEFFICIENT FOR THE SECOND HARMONIC OF THE WAVEFORM
UNDER EVALUATION

c2:=2
G30'=COL THETA ,55C2) Hyso = si THETA ;55C2)
Ts
Ts 2
2 B i=—: Z (ISIN ‘H (}
A== ISIN - <G 2 330 33
2T 2 ( 330 333 Ts a1
Jzo=1
A= 0 B, = 0
DEFINITION OF THE COEFFICIENT FOR THE THIRD HARMONIC OF THE WAVEFORM UNDER
EVALUATION
c3:=3
G 00" =cof THETA ;5,5C3) H 0! =i THETA ;55C3)
. ) Ts
S
_2 Byi=— Z (ISINJ36HJ3;
Azt Ts Z ('S'NJ3OGJaa Ts Jaom 1
Jz30=1

A, =0318 8, =0.006



DEFINITION OF THE COEFFICIENT FOR THE FOURTH HARMONIC OF THE WAVEFORM
UNDER EVALUATION

ca.=4
GJ3O.—COS(THETA J3(-)c4) HJ3O.—sir(THETA J3(-)c4)
Ts
5 Ts 2
B, .=— (ISIN “H (l
— < . a E J30 33
A, i=— E (ISIN J3OGJ3;; Ts
Ts Jzo=1
Jzo=1
A,=0 B,=0

DEFINITION OF THE COEFFICIENT FOR THE FIFTH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

cs5:=5
GJ3O.—COS(THETA J3(-)c5) HJ3O.—sir(THETA J3(-)c5)
Ts
5 Ts 2
B_.=—- E (ISIN “H (l
= . . 5 J30 J3
Agi=— E (ISIN J3OGJ3;; Ts
Ts Jzo=1
Jzo=1
A.=-0106 B, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE SIXTH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c6.:=6
GJ3O.—cos(THETA J3(-)ce) HJ3O.—sir(THETA J3(-)ce)
Ts
5 Ts 2
B_.=—- E (ISIN “H (l
= . . 6 J30 J3
Agi=— E (ISIN J3OGJ3;; Ts
Ts Jzo=1
Jzo=1
A6: 0 36: 0

DEFINITION OF THE COEFFICIENT FOR THE SEVENTH HARMONIC OF THE WAVEFORM
UNDER EVALUATION

c7.=7
GJ3O.—cos(THETA J3(-)c7) HJ3O.—sir(THETA J3(-)c7)
Ts
5 Ts 2
B_.=—- E (ISIN “H (l
= . . 7 J30 J3
A =— E (ISIN J3OGJ3;; Ts
Ts Jzo=1

Jzo=1

a_=0.106 B_ = 0.006



DEFINITION OF THE COEFFICIENT FOR THE EIGHTH HARMONIC OF THE WAVEFORM
UNDER EVALUATION

cs.=8
G a0 cos(THETAJSdcg Hypo= siv(THETAJSO-CS)
Ts
5 Ts 2
B, i=—- Z (ISIN H 3
— 8 J30" I3
Agi=— Z (1SN 265,59 Ts
s J3o=1
J30=1
Ag=0 B,=0

DEFINITION OF THE COEFFICIENT FOR THE NINTH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

co:=9
GJ30:=COS(THETAJ36C% Hooo = sir(THETABO-C%
Ts
2 Ts 2
B =2 Z (ISIN -H;
‘= o9 J30 J3
Agiz—- Z (|S|NJ3(-)GJ3(; Ts
Ts J3o=1
Jzo=1
A, =-0.064 B, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE TENTH HARMONIC OF THE WAVEFORM
UNDER EVALUATION

c10:=10
Gla0= CO{THETAJ3601§ Hysor =sir(THETAJ3c-,C1§
) Ts
Ts
2 B, =— ISIN 55 H
" —_ . . 10 J30 " I3
ro= 2| [ 3 (19060509 =PI J
Ts Jzo=1
Jso=1
A.=0 B,,=0

DEFINITION OF THE COEFFICIENT FOR THE ELEVENTH HARMONIC OF THE WAVEFORM
UNDER EVALUATION

ci1.=11
GJ3OIZCOS(THETAJ36C19 HJSO::sir(THETAJSO-c@
Ts
2 Ts 2
B, == E (ISIN ‘H J
—_ 11 J30 I3

A= E (ISINJ3dGJ33 Ts

Ts Jzo=1

Jz30=1

A,,=0.064 B,,=0.006



DEFINITION OF THE COEFFICIENT FOR THE TWELTH HARMONIC OF THE WAVEFORM
UNDER EVALUATION

c12:=12
G s :=COS(THETA Jao-mz) H 50 :=sir(THETA J3O-c12)
T 2 Ts
S
2 B,, \=—- Z ISIN 155+ H
— 12 J30 J30.
A= z (ISIN 100G 150) Ts ( )
Ts J30=1
J30=1
Ay = 0 B, = 0

DEFINITION OF THE COEFFICIENT FOR THE THIRTEENTH HARMONIC OF THE WAVEFORM
UNDER EVALUATION

c13:=13

610 I:cos(THETA J30-013J H oo ::sir(THETA J3O-Cl3J

Ts
Ts _2
A :=£' Z (ISIN .130'GJ30J B I_E. Z (ISINJ‘?’O'HJ‘?’OJ

13
Ts J30=1
J30= 1

A, =—0.045 B, = —0.006

DEFINITION OF THE COEFFICIENT FOR THE FOURTEENTH HARMONIC OF THE WAVEFORM
UNDER EVALUATION

c14:=14
G 330 :=COS(THETA J3o-c14) Higo += sin(THETA J3o»c14)
Ts
Ts 2
2 B, =— 2 ISIN j55°H
= . . 14 J30 ' J30
pam 2| ST (0 ) - ( )
Ts J30=1
J30=1
A14 = 0 Bld = 0

DEFINITION OF THE COEFFICIENT FOR THE FIFTHTEENTH HARMONIC OF THE WAVEFORM
UNDER EVALUATION

c15:=15

60 ::cos(THETA J30-015) Hogo = sir(THETA J30-015)

T 5 Ts
S
2 B, =— E ISIN . H
= 15 J30 J30,
Ags = E : ('S'N 330'6330) Ts ( )
Ts J30=1
J30=1

A, =0.045 B, = 0.006



DEFINITION OF THE COEFFICIENT FOR THE SIXTEENTH HARMONIC OF THE WAVEFORM
UNDER EVALUATION

ci16.=16
G o= CO{THETAJ36C19 Hooo= sir(THETAJSéC@
2 Ts
Ts
2 B, i=—- 2 ISIN ;o H
=< i 16 Jz30Maz
Aggi=— E (ISINJ3OGJ33 Ts ( ‘J
Ts Jzo=1
Jz0=1
A,s=0 B,,=0

DEFINITION OF THE COEFFICIENT FOR THE SEVENTEENTH HARMONIC OF THE
WAVEFORM UNDER EVALUATION

ci7i=17
GJSO::cos(THETABo-Clj HJBO::sir(THETAJ3dc1j
Ts
2 Ts 2 ( J
B, =—- Z ISIN L H
—c . 17 Jz0Maz
A= Z (ISINJ3OGJ33 Ts
Ts Jzo=1
Jzo=1
A,,=—0.035 B,,=—0.006

DEFINITION OF THE COEFFICIENT FOR THE EIGHTEENTH HARMONIC OF THE WAVEFORNMN
UNDER EVALUATION

ci1e:=18
G o= cos{THETABO-c1§ Hooo= sir(THETABéc@
) Ts
Ts
2 B, i=—- Z ISIN ;o5 H
—_ 18 J30" I3
Agai=— E (1SIN 266G 559 Ts ( J
Ts Jzo=1
Jzo=1
A,g=0 B,,=0

DEFINITION OF THE COEFFICIENT FOR THE NINETEENTH HARMONIC OF THE WAVEFORM
UNDER EVALUATION

c19:=19
G o= cos{THETAJ3dc1% Hooo= silﬁTHETAJ3O-C1?
Ts
2 Ts 2 Z ( J
B, =—- ISIN 4 H
=< ) 19 J30733
Agi=— E (1SIN 358559 Ts
Ts Jzo=1
Jzo=1

A,o=0035 B, = 0.006



A

A

DEFINITION OF THE COEFFICIENT FOR THE 20TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c20:=20
Gygo = CO{THETAJ3O-CZ(; Hyso i< sir(THETABO-CZLj

Ts

5 Ts 2 Z
B, =—- (ISIN H )
=< i 20 330 M 30,

Ay i=— E (ISINJ3O GBO) Ts
Ts J3o0=1
Jzo=1
Ay =0 By,=0

DEFINITION OF THE COEFFICIENT FOR THE 21TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c21'=21
Gygo 1= COS(THETAJ3O‘C29 Higo i= sir(THETAlaO'ng

Ts

5 Ts 2 Z
B,, =— (ISIN ‘H )
= . 21 J30 J30;

Aoyt E (|S|NJ3O GJ3O) Ts
Ts Jzo=1
Jzo=1
A,, =—0.029 B,, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 22TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c22=22
Gap = COE(THETABO-Cza Higo = sir(THETABO-cza
Ts
2 Ts 2 Z
B, =—" (ISIN ‘H )
=4 ) 22 330 330
o T Z (ISINJ3O GBO) Ts
Ts J30=1
Jzo=1
A, =0 B,, =0

DEFINITION OF THE COEFFICIENT FOR THE 23TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c23=23
Ggo = cos(THETABD-czé Higo i= sir(THETAJao'Czé
Ts
5 Ts 2 2
B, =— (ISIN ‘H )
= . 23 J30 J30y
W 2 (1IN 150G 150) e
Ts Jzo=1
Jzo=1

A3 =0.029 B, =0.006



DEFINITION OF THE COEFFICIENT FOR THE 24TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

cz24z=24
G = CO{THETA:BO- cz} Higo ' = siQTH ETA;zy cz}
Ts
5 Ts _2
== E . Bog T Z (ISINJ3O'HJ3lJ

Apy i —— (|S|NJ30 GBO) Ts

Ts Jzo=1

Jzo=1
Aoa = 0 Bou = 0

DEFINITION OF THE COEFFICIENT FOR THE 25TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c2s=25
G a0 1= cof THETA, C23 Hiso = SIQTHET AL, C23
Ts 2 IS
m2]| $ ey S PCERE
Jso=1
A, =—0.024 B, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 26TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c26=26
G a0 1= cof THETAL, €28 Hiso 1= SIQTHET AL, €24
N S &
Js0=1
Ay =0 By=0

DEFINITION OF THE COEFFICIENT FOR THE 27TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c27=27
Gao = CO{THETABO- czj Hso i = siﬁTH ETALy czj
Ts
2 Ts _2
=2 ) B,, \=—- Z (|S|NJ30-HJ30J

Ay, =— E (ISINJao GBO) Ts

Ts Jzo=1

Jzo=1

A, =0.024 5, = 0.006



DEFINITION OF THE COEFFICIENT FOR THE 28TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c28=28
Giso :=cos(THET/330-02§ Hyao = siﬁTHETA_BO-cz}
2 o %"2- f (151Ns50 Hys0)
A28:=?S- J§1(|S|NJ3O-GJ30) Ts = 303G,
Ay =0 By =0

DEFINITION OF THE COEFFICIENT FOR THE 29TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c29=29
G0 "= cof THETAL,C29 Hiso = SI{THETAG, C2)
|| & =2 i (151N i)
Az 1= ng(.s..\.mcm) P o N
Ay =—0.021 B, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 30TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c30=30
G0 1= c0d THET Ay C3) Hige = S1THETAGyC3)
Ts 2 Ts
DY T B = 33205 . (1510500
Jze=1
Ay =0 By =0

DEFINITION OF THE COEFFICIENT FOR THE 31TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c3u=31
G0 1= cof THETALyC3) Hiso = Si{THETAG,C3)
Ts S|l &
Jzce=1

Agy =0.021 B3, =0.006



DEFINITION OF THE COEFFICIENT FOR THE 32TH HARMONIC OF THE WAVEFORM Ul
EVALUATION

c32:=32
GJ3O.=DQS(THE|'A J30-c32) HJ30.=sir(11—|E|'A 336°32)
Ts
2 Ts , 2
Ba, = — Z (ISIN »H3(J
=2 . 32 a3y
Agp == Z (ISIN 130 GJat; T
Ts Jz0=1
so0=1
Ag=0 By, =0

DEFINITION OF THE COEFFICIENT FOR THE 33TH HARMONIC OF THE WAVEFORM Ul
EVALUATION

c33:=33
GJ30:=°°S(THE"A J30'C33) H330:=S"(THE"A 330'°33)
T 2 Ts
A:G:=i- Z (ISIN J3O-GJ3() BX3:=;> Z_ ('S'N J3dHJ3J
e Jzo= 1
Ag=-0.018 B4 =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 34TH HARMONIC OF THE WAVEFORM Ul
EVALUATION

cza:=34
G 130 1= cos{ THETA 135C34) H a0 = sir( THETA 15034)
2 Ts o 2» i )
A34i=;- 2 (ISIN J30-GJ3J Baa' = - ('S'N 330 HJ3J
Bo=1 Jzo= 1
Ag,=0 By, =0

DEFINITION OF THE COEFFICIENT FOR THE 35TH HARMONIC OF THE WAVEFORM Ul
EVALUATION

ca5!'=35
GJ3O.=OOS(THEI'A J3dC35) HJ3O.=sir(THEI'A _130-035)
TS
Ts 2
2 Boei=—- Z (ISIN SH 3()
— L . 35 330 Ha
Ass'T 2 (1IN 33076 329 TS
s 330=1
Jz0=1

A= 0.018 Ba5 = 0.006



DEFINITION OF THE COEFFICIENT FOR THE 36TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c36=36
G a0= CO{THETAJ3O'C3§ HJ3O.:sir(THETAJ3(-)c3§
Ts
2 Ts 2
B, i=—- E (ISIN H 3
- & . 36 33033

ALl=— Z (ISINJ3OGJ3J Ts

Ts Jzo=1

Jso=1
Asze=0 Bye=0

DEFINITION OF THE COEFFICIENT FOR THE 37TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c37=37
G 330~ co§ THETA ;5,5C37 Hygo! = Sif{ THETA ;55C37
2 Ts
Ts
2 B, i=—- Z ISIN o5 H
=< . 37 33033
Az T Z (ISINJE’»OGJE’»(; Ts ( ‘;
Ts Jso=1
Jzo=1
A5,=-0.016 B, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 38TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c38:=38
Gia0— cos{THETAJ3dcsz; Hisor =sir(THETAJ3c-)C3§
T 2 Ts
S
2 B, ——- E ISIN__ -H
r— ) ) 38 J30 J3
Agg = Z (ISINJ3OGJ3J Ts ( ‘J
Ts Jzo=1
Jzo=1
A 0 B,,=0

38~ 38

DEFINITION OF THE COEFFICIENT FOR THE 39TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c39'=39
G o= CO{THETAJ3O-C3% HJ3O::sir(THETAJ3éc39
Ts
2 Ts 2
B, I=—- E (ISIN H 3
= 39 J30 I3

39' T Z (ISINJ3C'JGJ3<; Ts

Ts J30=1

Jzo=1

Ao=0.016 B,,=0.006



DEFINITION OF THE COEFFICIENT FOR THE 40TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

ca0=40
Giso ::cos(THETgSO-c49 Hyso = siﬁTHETA_BO-c@)
. ) Ts
S
2 B,, =—- Z ISIN3H
—_ 40 J30 © J30,
Ay i=—: Z (151N Gysg) Ts ( )
Ts Jze=1
Jse=1
Ap=0 B,,=0

DEFINITION OF THE COEFFICIENT FOR THE 41TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

ca1n=41
Gizo :=cos(THET,§3O-c4} Hiso = siﬁTHETAjao-C4}
Ts 2 Ts
2 By =— (ISIN -H J
Ay =— Z (151N130"Cisg) 21T Z Y30 Ma3g,
e Jzce=1 s30=1
A, =—0.014 B,, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 42TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

caz=42
Gja0 ::cos(TH ET/330-04; Hygo = siﬁTHETA_BO-(M}
Ts
2 Ts 2
By, = —" Z (ISIN ‘H J
—_ 142 J30 © J30,
A i=— Z (151N Gysg) Ts
Ts Jzce=1
Jse=1
A,=0 B,,=0

DEFINITION OF THE COEFFICIENT FOR THE 43TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

caz=43
Gizo :=cos(TH ETQBO-C4§ Hygg 1= siﬁTHETAjao-C4}
) Ts
Ts
2 B, :=—" Z ISIN ,'H
= 43 Y30 Mzg,
ro=2{| 37 (15meng - ( )
Ts J306=1
Jze=1

A =0.014 B4 = 0.006



DEFINITION OF THE COEFFICIENT FOR THE 44TH HARMONIC OF THE WAVEFORM UNDE
EVALUATION

ca4=44
G = Co{THET%SO-CZl)I Hioo = SiﬁTHET%SO-C4)l
T Ts
S 2
2 B, == Z ISIN__-H
= . 44 J30 X
Ayt - 2 (ISINJ3OGJ3J Ts ( 3‘J
S| Jse=1
J3e=1
A,,=0 B,=0

DEFINITION OF THE COEFFICIENT FOR THE 45TH HARMONIC OF THE WAVEFORM UNDE
EVALUATION

cas=45
Gy = cos(THET63O~C4BS Hooo = siﬁTHET@m-CLt}
. ) Ts
S
Ass :=?2- Z (151N G 130) P Te Z (1510000 +)
s Jse=1
J3e=1
A =0.013 B,,=—0.006

DEFINITION OF THE COEFFICIENT FOR THE 46TH HARMONIC OF THE WAVEFORM UNDE
EVALUATION

ca6=46
Gy = cos(THET630~C4> Hio = siﬁTHET@w-c4§
. 5 Ts
S
2 By = —" Z (ISIN -HBJ
= J . 46 J30 "
A" Z (ISINJ3O GJS{) Ts
Ts Jsc=1
Jse=1
A=0 B,;=0

DEFINITION OF THE COEFFICIENT FOR THE 47TH HARMONIC OF THE WAVEFORM UNDE
EVALUATION

can=47
Gy = cos(THET@aO-(m)’ Hoo = Si&THET%w-C4)’
+ 5 Ts
S
2 B,, =—* Z (ISIN -H3(J
— 2] . 47 Y30 My

a7 ' Z (ISIN_BO GJ3() Ts

Ts J3ce=1

J3ce=1

A, =0013 B,,=0.006



DEFINITION OF THE COEFFICIENT FOR THE 48TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

casi=48
Giao -=COS(THETAJ30' 049 Hyso i = sir(THETABO-c4§
Ts

2 Ts 2
Byg:=—- E (ISIN ‘H )
— < . 48 330 M a30,

Ay =— E (ISINJ3O GJ3O) Ts

Ts Jzo=1
Jzo=1
A=0 By =0

DEFINITION OF THE COEFFICIENT FOR THE 49TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

casi= 49
Giso :=cos(THETAJ30-c4§ Hogo ' = sn(THETABO-cz@
Ts 2 Ts
po 2| D (o) o' JE 1 (191N i)
ss0=1
A =—0.012 5, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 50TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

cs0.=50
G0 -—cos(THETAJaO- c5<) Hogo = S|VETHETAJ3O~C5()

Ts

’ Ts _2 2
Be, —— (ISIN ‘H )
= . 50 J30 J30,

At E (|S|NJ3O GJ3O) Ts
Ts Jzo=1
Jzo=1
Ag =0 By =0

DEFINITION OF THE COEFFICIENT FOR THE 51TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

cs1:=51
Gis0 -=cos(THETAJ30' 059 Hygo ' = sir&THETAJ?)O'C59
Ts
2 Ts 2
B, 1=—- E (ISIN -H )
= . 51 J30 " 'J30,
Agy E (ISINm GJ30) Ts
Ts Jzo=1
Jzo=1

Ag, = 0.012 B, = 0.006



DEFINITION OF THE COEFFICIENT FOR THE 52TH HARMONIC OF THE WAVEFORM Ul
EVALUATION

cs2:=52
GJ3O.=DQS(THE|'A J30-c52) HJ30.=sir(11—|E|'A 330'552)
Ts
2 Ts , 2
Byt = — Z (ISIN »H3(J
=2 . 52 a3y
Agpi=— Z (ISIN 130 GJat; T
Ts Jz0=1
so0=1
Ag=0 B, =0

DEFINITION OF THE COEFFICIENT FOR THE 53TH HARMONIC OF THE WAVEFORM Ul
EVALUATION

cs3:=53
GJ30:=°°S(THE"A J30'C53) H330:=S"(THE"A 330'°53)
T 2 Ts
A53:=i' Z (ISIN J3O-GJ3() B53:=;> Z_ ('S'N J3dHJ3J
e Jzo= 1
Asz=-0.011 Bggz =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 54TH HARMONIC OF THE WAVEFORM Ul
EVALUATION

csa:=54
G y30 = cos{ THETA 13;C54) H 130 = sir{ THETA 155054)
T 2 Ts
s
AsaiZ%- 2 (ISIN J30-GJ3J 554-—1_—5» Z_ (ISIN JsdHJa)
Bo=1 Jzo= 1
Ag,= 125510 *° B, =0

DEFINITION OF THE COEFFICIENT FOR THE 55TH HARMONIC OF THE WAVEFORM Ul
EVALUATION

cs5!=55
GJ3O.=OOS(THEI'A J30'C55) HJ3O.=sir(THEI'A _130-055)
TS
2 Ts 2
B i — E (ISIN H 33
— L E . 55 330 Ha
A55'_? ('S'N J30 GJ3J Ts
s 330=1
Jz0=1

Agg= 0.011 Bos = 0.006



DEFINITION OF THE COEFFICIENT FOR THE 56TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

cs6:=56
G a0= CO{THETAJ3O'C5§ Hmor :sir(THETAJ3(')CS§
Ts
2 Ts 2
Bog ' =—- Z (ISIN ‘H 9
— <. . 56 33033
Algl=— Z (ISINJ3OGJ3J Ts
Ts Jzo=1
Jso=1
—15
A=0 Bgs="1.06810

DEFINITION OF THE COEFFICIENT FOR THE 57TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

cs7:=57
G 330~ co§ THETA ;5,5C57 Hyg0! = Sif{ THETA ;35C57
2 Ts
Ts
2 B._i=—- Z ISIN o5 H
= Z. . 57 J30 "33
Asz T Z (ISINJE’»OGJE’»(; Ts ( ‘;
Ts Jso=1
Jzo=1
Ag,=—0.01 B, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 58TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

cs8:=58
Gia0— cos{THETAJ3C;CS$ Hisor =sir(THETAJ36c5§
Ts 2 Ts
A58::£. Z (ISINJ30'GJ3CJ BSSI:?S- Z (ISINJBdHJ3a
Ts Jzo=1
Jzo=1
Agy=-1.15810 Bo,=1.08210

DEFINITION OF THE COEFFICIENT FOR THE 59TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c59'=59
G o= CO{THETAJ:SO-CS% HJ3O::sir(THETAJ3C-)CS%
Ts
2 Ts 2
B__=—- E (ISIN H 3
= 59 J30 I3

s59' T Z (ISINJ3C'JGJ3<; Ts

Ts J30=1

Jzo=1

Age=0.01 B.,=0.006



DEFINITION OF THE COEFFICIENT FOR THE 60TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

ce60:=60
GJ30:=COS(THETAJ36069 Hooo= sir(THETAJ3d(269
Ts
5 Ts 2 Z
B =2 (ISIN “H J
—_c ) 60 Jz30 33
Agoi=— Z (|S|N3306J3; Ts
Ts J3o=1
Jzo=1
—15
A_,=0 B.,=1.18810

DEFINITION OF THE COEFFICIENT FOR THE 61ST HARMONIC OF THE WAVEFORM UNDER
EVALUATION

ce1:=61
G a0= cos(THETAJSO-caj) Hoool= sir(THETAJSO-C6])
Ts
> Ts 2
B i=—- Z (ISIN ‘H J
— & i 61 33033

Al =— Z (1SIN,566,29 Ts

Ts J3o=1

Jzo=1
A4, =—0.009 B, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 62ND HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c62,=62
GJSO::cos(THETABO-CG% Hogo= sir(THETABO-ceg
T ) Ts
S
2 Bgoi™—" ISIN ;5 H
AgziT— Z (ISIN336633; 2 1 Z ( Js0 J3‘)
Ts Jzo=1
Jz0=1
Agp="117310 ° B =—187110 *°

DEFINITION OF THE COEFFICIENT FOR THE 63RD HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c63,=63
GBO.:cos(THETAJsd<36§ Honol= sir(THETAJsdce§
Ts
2 Ts 2
Bga!=— E (1SIN 36 H,3g
—_ . . 63 J30 " I3
Aggi=— Z (ISINJSOGJS(} Ts
Ts J3o=1
Jso=1

A= 0.009 B,,= 0.006



DEFINITION OF THE COEFFICIENT FOR THE 64TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

ce4=64
G0 .—COS(THETAJ3O- CG% Hiso .—sn(THETAJsO-csz)
Ts
2 Ts 2 2
B_ =—- (ISIN -H )
=z . 64 330 330,
Asa E : ('SlNJ3o 6330) Ts
Ts Jso=1
Jzo=1
Ag, =0 Bg, =0

DEFINITION OF THE COEFFICIENT FOR THE 65TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

ces5=65
Gygp '= co{THETABO- 069 Hizo :=sil€THETAJ30-C6$
Ts 2 Ts
Aes :=T£S- Z (IS'NJao'GJao) Pes :=Ts- Z (ISINBO- HJ3O)
J3z0=1 Jzo=1
Ag =—0.009 Bes = —0.006

DEFINITION OF THE COEFFICIENT FOR THE 66TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

ce66.= 66
Gigo '~ cos(THETAJ3O~CGI§ Hiso = su(THETA_BO-CSla
Ts
5 Ts 2 2
B_ i=—- (ISIN ‘H )
= . 66 J30  J30,
Ags' E (lsu\lJ3O GJ30) Ts
Ts Jso=1
J3o=1
Ags =0 Bg =0

DEFINITION OF THE COEFFICIENT FOR THE 67TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

ce7.=67
Ggo = cos(THETABD-cej Higo i= sir(THETAJao-CGj
Ts
5 Ts 2 2
By, = — (ISIN ‘H )
= . 67 J30 J30;
Ag' Z (lslNJ3O GJ3O) Ts
Ts Jzo=1
Jzo=1

Asr =0.009 B, =0.006



DEFINITION OF THE COEFFICIENT FOR THE 68TH HARMONIC OF THE WAVEFORM UNDE
EVALUATION

c68 := 68
G :=cos(THETA Jgo-ces) H o I=sin(THETA Jgo-ces)
T 2 Ts
S
2 B_ I=— Z (ISIN “H )
— . . 68 J30 J30.
Ay =m Z (ISIN 50 GBO) Ts
Ts J30=1
J30=1
Ase =0 BGB =0

DEFINITION OF THE COEFFICIENT FOR THE 69TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c69 =69
G ::cos(THETA -cng H :=sin(THETA -cng
J30 J30 J30 J30
T > Ts
S
—2 Bag = Z QSIN 330 HJ3OJ
Ay == 2 (ISIN Jso'sto) Ts
Ts J30=1
J3o=1
A, =—0.008 5, = —0.006

DEFINITION OF THE COEFFICIENT FOR THE 70TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

€70 :=70
G i= cos(THETA J3O-c7o) Ho 1= sin(THETA J3O-c7o)
Ts
5 Ts 2
B i=—- (ISIN “H )
= Z ('SlN .G ) T Z 330" 330
70 Ts J30 J30,
J30=1
J3o=1
An=0 B,,=0

DEFINITION OF THE COEFFICIENT FOR THE 71TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

cr1 =71
G = cos(THETA -c71) = sin(THETA -c71)
J30 J30 J30 J30
- 5 Ts
S
2 B =X (ISIN H )
= Z (ISIN .G ) 1 J30 330,
71 Ts J30 J30,
J30=1
J30=1

A, =0.008 B, = 0.006



DEFINITION OF THE COEFFICIENT FOR THE 72TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c72=72
Giso Z:cos(THET%O-C7? Hyao = siﬁTHETA_,go-c7)z
2 o 572"2- f (151Ns50 Hys0)
A, :=?§ J§1(|S|NJ3O-GJ30) Ts = 303G,
Az =0 B,=0

DEFINITION OF THE COEFFICIENT FOR THE 73TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c73=73
Gys0 Z=COS(TH ETQBO-C7§ Hygo = siﬁTHETAjao-C7§;
2|l @ =2 i (151N i)
Argi= = ng(.s..\.mcm) BT o N
A, =—0.007 B, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 74TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

cr4a=T74
Gja0 :=cos(THET/33O-C7} Hygo = siﬁTHETA_BO-(ﬁ}
Ts
2 Ts _2
= Brg=— Z ('S'NJao'HJsoJ

Agyi=— Z (151N Gysg) Ts

Ts Jzo=1

Jze=1
Az =0 B2,=0

DEFINITION OF THE COEFFICIENT FOR THE 75TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c75=75
Gizo :=cos(THET,§3O-c7§ Hygg 1= siﬁTHETAjao-C@;
Ts 2 Ts
A :=T£S' Z ('S'sto'ngo) 375:=:S- JE . (|S|N330.HJ3OJ
Jze=1

A =0.007 B, =0.006



DEFINITION OF THE COEFFICIENT FOR THE 76 TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c76=76
Gigo ‘= cof THETAG,C78 Hygo = SI{THET AL, CTH
. ) Ts
S
2 B, =—: Z ISINygo H
_ 6 J30 © J30,
Aggi=—- Z (ISIN_]3O-GJ30) Te ( )
Ts J3c6=1
Jze=1
Azg=0 Bse=0

DEFINITION OF THE COEFFICIENT FOR THE 77TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c77n=T7
Gys0 Z=COS(TH ETQBO-c7j Hygo = siﬁTHETAjao-C7)
2|| « B, =2 i (191N )
Ari= = ng(.s..\.mcm) = | P
A, =—0.007 B,, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 78TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c7g=78
G0 1= cod THET A C7) Hige = S1THETAGyC7)
Ts 2 Ts
DY B = 33205 . (1510500
Jze=1
Ag=0 B,,=0

DEFINITION OF THE COEFFICIENT FOR THE 79TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

c7a=79
Gizo :=cos(THET,§3O-c79 Hygg 1= siﬁTHETAjao-C7}
Ts 2 Ts
Ay :=T£S' Z ('S'sto'ngo) B7g:=:s- JE . (|S|N330.HJ3OJ
Jze=1

A =0.007 B, = 0.006



DEFINITION OF THE COEFFICIENT FOR THE 80TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

csa=80
Giso :=cos(THET/330-089 Hyao = siﬁTHETA_BO-csB)
2 o BBO"Z- f (151Ns50 Hys0)
A80:=?S- J§1(|S|NJ3O-GJ30) Ts = 303G,
Ao =0 B =0

DEFINITION OF THE COEFFICIENT FOR THE 81TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

cs1=81
Gia0 ‘= cof THETALC8) Hiso = Si{THETAG, C8)
Ts 2 Ts
_2 By, =—- Z (|S|NJ3O-HJ3OJ
Agy i=— Z (151N130"Cisg) 1 Ts
e J3e=1 Jso-1
Ag, =—0.006 Bg, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 82TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

caz=82
G0 1= co{ THETAG, C8) Higo = SITHET A, B}
Ts 2 Ts
re= 2| [ 3] (154ag0ing B = 33205 1('S'Naao'HJaoJ
3301
Agp=—111410"° By =0

DEFINITION OF THE COEFFICIENT FOR THE 83TH HARMONIC OF THE WAVEFORM UNDEF
EVALUATION

cs3=83
G0 1= cof THETAL CE Hiso = Si{THETAG, Ca}
Ts 2 Ts
Ags :=T£S- Z (ISINJ3O-GJ3(J 5533:=:s' 33%:: . ('S'NJBO'HJ?»OJ
J36=1

Ags =0.006 Bgs = 0.006



DEFINITION OF THE COEFFICIENT FOR THE 84TH HARMONIC OF THE WAVEFORM UNDE
EVALUATION

c84=84
G = CO{THET630-08)1 Hioo = SiﬁTHET%SO-CS)I
T Ts
S 2
2 B, = Z ISIN,_,_-H
= . 84 J30 X
Aga' 2 (151Ny30Cig) Ts ( )
S| Jse=1
J3e=1
Ag, =0 B, =0

DEFINITION OF THE COEFFICIENT FOR THE 85TH HARMONIC OF THE WAVEFORM UNDE
EVALUATION

c8s5=85
Gy = cos(THET63O~CSBS Hooo = siﬁTHET@m-cs}
. ) Ts
S
Ass :=?2- Z (151N G 130) Rl Z (15140 H0)
s Jse=1
J3e=1
A =—0.006 B, =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 86TH HARMONIC OF THE WAVEFORM UNDE
EVALUATION

c86=86
Gy = cos(THET630~C8> Higo = SiﬁTHETGw'08§
e Ll
A ;:?25. Jszog 1 (151N, ) B 1 JE . (151N Hia0)
Age =0 Bos=0

DEFINITION OF THE COEFFICIENT FOR THE 87TH HARMONIC OF THE WAVEFORM UNDE
EVALUATION

c87=87
Gy = Cos(THET%aO-CS)’ Hoo = si&THET@w-csj’
. 5 Ts
S
=2 By = Z (151N H30)
Agz =1 Z ('S'NBO'GJ:{) Ts
Ts J3ce=1
J3ce=1

Agy =0.006 B, =0.006



DEFINITION OF THE COEFFICIENT FOR THE 88TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

cssi=88
Gug 1= COS(THETAJao-CS$ Hyso i< sir(THETABO-csa
Ts

2 Ts , 2

=2 _ Bgg = — Z (ISINJ30-HJ3O)
Aggi=— Z (lSlNJ3O GBO) Ts
Ts J30=1
Jzo=1
Agg =0 Bgg =0

DEFINITION OF THE COEFFICIENT FOR THE 89TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

ce9'=89
o = coTHET A ) o = s{THE A, 009
Ts 2| ©
o2 || T (mmon) S| PIRCIEES
Jzo=1
A =—0.006 Bgo =~0.006

DEFINITION OF THE COEFFICIENT FOR THE 90TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

co0:=90
G = COS(THETA -Cg(j
J30 J30 - .
Hiso sur(THETABO 699
Ts
2 Ts , 2
=< . By = — Z (ISINJ3O'HJ3O)
Agi=— Z (ISINJ3O GBO) Ts
Ts J30=1
Jzo=1
Ag =0 Bgo =0

DEFINITION OF THE COEFFICIENT FOR THE 91TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

co1=91
Gygo = COS(THETA‘BD'CQ; Higo i= sir(THETAJao'CQi
Ts

5 Ts 2

=z . By T 2 ('S'NJao'HJao)
Ag == Z (ISINJ3O GJ3O) Ts
Ts Jzo=1
Jzo=1

Aoy =0.006 B, =0.006



DEFINITION OF THE COEFFICIENT FOR THE 92TH HARMONIC OF THE WAVEFORM U
EVALUATION

coz!=92
Gigoi= oos(ﬂ—cErA J30-c9$ H_.BOi:sir‘(TI-ETA 330-092)
Ts
2 Ts 2
Bg,'=—" Z (ISIN SH 33
=< . o2 330 Ha
Agot Z (ISIN J3OGJ3C) Ts
Ts Jzo=1
Jzo= 1
Ago = Bgp =0

DEFINITION OF THE COEFFICIENT FOR THE 93TH HARMONIC OF THE WAVEFORM U
EVALUATION

c93:=93
Gigo= oos(ﬂ—u:—rA Bo-cgc«) Hizo'= sir(TI—EFA 330-093)
. 2 Ts
A93:=£' Z ('S'N J30"3J3$ Bge::?s. Z 1 (ISIN 330 HJ&J
Jzo=1 0=
Agg =—0.005 Bog =—0.006

DEFINITION OF THE COEFFICIENT FOR THE 94TH HARMONIC OF THE WAVEFORM U
EVALUATION

co4,=94
Gizo'= oos(‘l‘HEl’A 330"399 HJ30.=sir(TI—E|'A 330-0949
2 Ts
Ts
2 By, i=—- Z (ISIN H 3()
== . oa Jzo0Hy.
Agg Z (ISIN JaOGJ3() Ts
Ts 330= 1
Jzo= 1
Ag, =0 Bg, =0

DEFINITION OF THE COEFFICIENT FOR THE 95TH HARMONIC OF THE WAVEFORM U
EVALUATION

co5:i=95
GJ3O-—oos(THE|'A J30-c95) HJBO-—sir‘(‘n-EFA J3o-c95)
Ts
2 Ts 2
Bgg i =—- an\n H 33
=2 . o5 330 My
Aos=— Z QS'N 3305333 Ts
Ts 330=1
Jz0=1

Ags =0.005 Bos = 0.006



DEFINITION OF THE COEFFICIENT FOR THE 96TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

co96:=96
Giao .=cos(THETAJ30-09§ Hyso = sivﬁTHETAJ3O~CQ§

Ts

2 Ts 2 2
Bgg ' =—* (ISIN “H )
=2 E . % 330" Hazg

Ags (|S|NJ30 Gm) Ts
Ts Jzo=1
Jzo=1
Ag =0 Bog =0

DEFINITION OF THE COEFFICIENT FOR THE 97TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

co7:=97
6 o (oo THETA  Co) Hyo = SI{THETA 0o}
Ts 2 Ts
| DI G B E . (191N o)
Jz0=1
Ag, =—0.005 B,, = 0.006

DEFINITION OF THE COEFFICIENT FOR THE 98TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

cos8:=98
G0 .—cos(THETABO-Cgé Hoso = si(THETAJao-CE)%
Ts

5 Ts 2
Bog ' =" E (ISIN “H )
—_< . ) o8 330 330,

Agg =— E (ISINJ3O GJ3O) Ts

Ts J3o0=1
Jzo=1
Agg =0 Bgg =0

DEFINITION OF THE COEFFICIENT FOR THE 99TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c99:=99
G 330 1= co THETA 5, Cod Hio 1= s THET A Cod
Ts 2 Ts
ro= 2| B (omencnd ]| 2 o)
Jso=1
Ag =0.005 8, = 0.006

DEFINITION OF THE COEFFICIENT FOR THE 100TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION



DEFINITION OF THE COEFFICIENT FOR THE 100TH HARMONIC OF THE WAVEFORM UNDER
EVALUATION

c100:=100

Gi30~ CO{THETA J3(')C10(3 Hys0™ Sir‘(THETA J3(-)010<3

Ts

Jzo=1

ALog O B, o 1.006°10

IV REGENERATION OF WAVEFORM FROM HARMONIC COEFFICIENTS

In order to verify that the majority of harmonic coefficients have been found, it is highly recommended that the waveform be
regenerated from the coefficients and compared with the original waveform. If the majority of coefficients have been found, the
regenerated waveform should closely approximate the original waveform. In thisanalysis, the harmonics from DC to the 100™ harmonic
were evaluated and are reconstructed below.) Then the reconstructed waveform is graphed over the original waveform to verify
accuracy. Thiswaveformsare shown in figure#4.

A
IFBO :=—

IFBleo-—Al'Cos(THETA 33('301) + Bl'sll‘(THETA 33601)

IFBZJ30:=A2'COS(THETA J3(-ch) + Bz'sir‘(THETA J3écz)
|FB3J30:=A3'COS(THETA J3(-303) + Bs'sir‘(THETA J3(:Jc3)
IFB4 o5~ A4-cos(THETA J3(-Jc4) + B4'sir(THETA J3(:Jc4)
|FBSJ30:=A5'COS(THETA J3(-Jcs) + BS'sir‘(THETA 33605)
|FBGJ30:=A6'COS(THETA J3(-Jcs) + Bﬁ'sir‘(THETA 33606)
IFB7J30:=A7'COS(THETA J3(-Jc7) + B7'sir(THETA J3(:Jc7)

IFBSJBO-—AS'COS(THETA 33('308) + B8'sil‘(THETA J36C8)

IFBQJBO-—AQ'COS(THETA 33('309) + Bg'Sil‘(THETA J36C9)

IFBlOJ3o' AlO'Cos(THETA 33(')010) + BlO'SiF(THETA 336c10)



IFB11,,5= A1 COS(THETA 33('3011) + Bll'sir‘(THETA J3('301])

IFB12, 5= Ay cos(THETA J3(-3012) + Blz-sir(THETA 536C1
IFB13,, 5= A3 cos(THETA J3(-3013) + Bl3-sir(THETA 536C1
IFB14, 5= Ay cos(THETA 33()01‘9 + Bl4-sir(THETA 536C1
IFB15, 5= A5 cos(THETA J3(-3015) + Bls-sir(THETA 536C1
IFB16,,5=A1g cos(THETA 33('3016) + Bl6-sir(THETA 536C1
IFB17,55 A7 cos(THETA J3(-3017) + Bl7-sir(THETA 536C1

IFB18,,5~A1g’ COS(THETA 33('3018) + BlS'SiF(THETA 336CL

s oL O NI A L D

IFB19,,5~A10 COS(THETA 33('3019) + Blg'sir‘(THETA J3('3019)

IFB20,,5= A0 COS(THETA 33('3020) + BZO'Sir‘(THETA 33(')CZC9

IFBZleo::AZI' COS(THETA 33('3021) + BZl'Sir‘(THETA 330652
IF822J30::A22' COS(THETA 33('3022) + BZZ'Sir‘(THETA 336%2
IFBZ3J30::A23' COS(THETA 33('302?) + 823'Sir‘(THETA 3306%2
IFBZ4J30::A24' COS(THETA 33('3024‘9 + 824'Sir‘(THETA 3306F2
IF825J30::A25' COS(THETA 33('3025) + BZS'Sir‘(THETA 336%2
IF826J30::A26' COS(THETA 33('3026) + 826'Sir‘(THETA 3306F2
IFBZ7J30::A27' COS(THETA 33('3027) + BZ7'Sir‘(THETA 33652
IF828J30::A28' COS(THETA 33('3028) + BZS'Sir‘(THETA 3306%2
IF829J30::A29' COS(THETA 33('3029) + Bzg'sir‘(THETA 336%2
IFB3OJ30::A30' COS(THETA 33('3030) + BSO'Sir‘(THETA 33653
IFB31J30::A31' COS(THETA 33('3031) + BSl'Sir‘(THETA 33658
IFB32J30::A32' COS(THETA 33('3032) + BSZ'Sir‘(THETA 33658
IFB33J30::A33' COS(THETA 33('303?) + 833'Sir‘(THETA 33658

IFB34,,5~ A3y COS(THETA 33('3034‘9 + BS4'Sir‘(THETA 330653

B L DL B R 0 N L 0 N B N NN B

IFB35,5,5~ A3y COS(THETA 33('3035) + BSS'Sir‘(THETA J3('3035)



IFB36 5,5~ A3p COS(THETA 330036) + 836'Sir‘(THETA 336036)

IFB37 55~ A37 COS(THETA I3 C37) + By Sir‘(THETA 33658
IFB38,,5~ A3y’ COS(THETA 3
IFB39,,5~A30 COS(THETA I3 C39) + Bag’ Sir‘(THETA 33658

IFB4OJ30-—A4O'COS(THETA I3 C40) + B40'Sir‘(THETA 3364

(o)
(o)

(o)
(o)

C38) + BSS'Sir‘(THETA 33658

o o s L

IFB41J30-—A41'COS(THETA I3 C41) + B41'Sir‘(THETA J3('304])

(o)
(o)

IFB42J30-—A42'COS(THETA I3 C42) + B42'Sir‘(THETA J3('3042)

IFB43J30-—A43'COS(THETA I3 C4?) + B43'Sir‘(THETA 33604?)

(o)
(o)

IFB44J3O-—A44'COS(THETA I3 C44‘9 + B44'Sir‘(THETA 336044‘9

IFB45J30-—A45'COS(THETA I3 C45) + B45'Sir‘(THETA J3‘:'3045)

(o)
(o)

IFB46J30-—A46'COS(THETA I3 C46) + B46'Sir‘(THETA 336046)

IFB47J30-—A47'COS(THETA I3 C47) + B47'Sir‘(THETA J3('3047)

(o)
(o)

IFB48J30-—A48'COS(THETA I3 C48) + B48'Sir‘(THETA J3‘:'3048)

IFB49J30-—A49'COS(THETA I3 C49) + B49'Sir‘(THETA J3('3049)

IFB50, 545~ Ay cos(THETA I3 050) + B50'Sir(THETA 136C°
IFB51,, = Agy cos{ THETA ,5C51) + Bg-sir{ THETA ,C5
IFB52, 5= Ay cos(THETA 3 052) + '352‘3"(THETA 336°°
IFB53, = Agg cos{ THETA ,,5C53) + By sir{ THETA ,4C5
BS54, = Agy COS(THETA s 0549 + 854-sir(THETA 1565
IFB55, .5~ Ag cos(THETA 3 055) + B55‘3"(THETA 336°°
IFB56 5 = Agg cos{ THETA ,,5C56) + B sir{ THETA ,,5C5
IFB57 55~ A7 cos(THETA I3 057) + B57'Sir(THETA 3306°°
IFB58,,5= Asg’ cos(THETA 3 058) + '353‘3"(THETA 336°°

IFB59 .5~ Ao’ COS(THETA J30059) + B59'Sir‘(THETA 33655

o
o
o
o
o
o
o
o
o
o
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IFB60 .5~ Ag0’ COS(THETA 330060) + B60'Sir‘(THETA 33(')CGC9



IFB61,,5~Ag1 COS(THETA 33('3061) + B61'Sir‘(THETA J3('306])

IFB62,, 5= Agy' cos(THETA 33('3062) + B62-sir(THETA 336C6
IFB63,,5= Agg' cos(THETA 33('306?) + B63-sir(THETA 336C6
IFB64,, 5= Agy’ cos(THETA 3360649 + BM-sir(THETA 336C6
IFB65,,5= Ags' cos(THETA 33('3065) + B65-sir(THETA 336C6
IFB66,,5= Agg' cos(THETA 33('3066) + B66-sir(THETA 336C6
IFB67,55 = Ag7 cos(THETA 33('3067) + B67-sir(THETA 336C6

IFB68, .5~ Agg’ COS(THETA 33('3068) + B68'Sir‘(THETA 3306C6
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IFB69 .5~ Aggo COS(THETA 33('3069) + B69'Sir‘(THETA J3('3069)

IFB70,55~A70 COS(THETA 33('3070) + B70'Sir‘(THETA J3éC7C9

IFB71,5,5 A7y cos(THETA J3(-3071) + B71-sir(THETA 336C7
IFB72,5, 5= A7y cos(THETA J3(-3072) + B72-sir(THETA 336C7
IFB73,55 = A73’ cos(THETA J3(-3073) + B73-sir(THETA 336C7
IFB74,55 A7y cos(THETA 33()07‘9 + B74-sir(THETA 336C7
IFB75,55 = A75 cos(THETA J3(-3075) + B75-sir(THETA 336C7
IFB76,55= A6 cos(THETA 33('3076) + B76-sir(THETA 336C7
IFB77,55=A77 cos(THETA J3(-3077) + B77-sir(THETA 336C7
IFB78,,5 = Ag’ cos(THETA 33('3078) + B78-sir(THETA 336C7
IFB79,55 = A7g cos(THETA J3(-3079) + B79-sir(THETA 336C7
IFB80, .= Agy cos(THETA 33('3080) + BSO-sir(THETA 336C8
IFB81,, 5= Agy’ cos(THETA 33('3081) + BSl-sir(THETA 336C8
IFB82, = Agy cos(THETA 33('3082) + Bsz-sir(THETA 336C8
IFB83,, 5= Agy’ cos(THETA 33('308?) + 383-sir(THETA 336C8

IFB84, .5~ Agy COS(THETA 33('3084‘9 + Bg4'sir‘(THETA 330658
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IFB85,,5~ Agy’ COS(THETA 33('3085) + BSS'SiF(THETA J3('3085)



IFB86 .5~ Agg’ COS(THETA 330086) + 886'Sir‘(THETA 330086)
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)
)
)
)
)
)
)
)
)
)
)

IFB99 .5~ Agg’ COS(THETA 33('3099) + ng'sir‘(THETA J3('3099)

N

IFB87 ;55— Agy COS(THETA 330087) + 887'Sir‘(THETA 330658
0088) + BSS'SiF(THETA 330658

(o)

IFB88,,5~Agg’ COS(THETA I3

©

IFBSQJSO-—ASQ'COS(THETA I3 089) + BSQ'Sir‘(THETA 330658

(@)

(o) (0}
IFB9O .y~ Agp’ COS(THETA J30090) + Bgo'sir‘(THETA 3306C9

=y

IFB91, .5~ Agr’ COS(THETA 33('3091) + Bgl'sir‘(THETA 336%°
IFB92,, 5= Agy’ COS(THETA 33('3092) + BQZ'Sir‘(THETA 336%°

N,

(%)

IFB93 5,5~ Ag3’ COS(THETA J3009?) + Bg3'Sir‘(THETA 33659
IFB94 .y~ Agy COS(THETA J30094‘9 + Bg4'sir‘(THETA 3306F9

D

(9)

IFB95 .5~ Agy’ COS(THETA I3 '095) + BQS'Sir‘(THETA 336%°

o

(o) (0}
IFB96 .5~ Agg’ COS(THETA 330096) + 896'Sir‘(THETA 3306F9

~

IFB97 ;5= Ag7 COS(THETA 33('3097) + Bg7'sir‘(THETA 3369
IFB98, .5~ Agg’ COS(THETA 33('3098) + BQS'Sir‘(THETA 336F9

(03]

IFB100; ;5= A 100" COS(THETA 336c10c) + BlOO'Sir‘(THETA J36010C)

IFBT1 5= IFBO + IFB1 5t IFB2 5t IFB3 5t IFB4 o st IFB5 ot IFB6 ;o 5t IFB7 j 5t IFB8 gt IFB9 |
IFBT2 5= IFB10 55t IFB11 5t IFB12, 5k IFB13 5t IFB14, 4 5t IFB15, 5t IFB16, 5t IFB17 5t IFB18, 55t IFB19, 5

IFBT3 55~ IFB20 5t IFB21 5t IFB22, ot IFB23 5t IFB24, 5t IFB25, o IFB26 5t IFB27 5t IFB28, 5t IFB29, o

IFBT4:130:= IFB30 IFB31 IFB32 IFB33 IFB34 IFB35

J30+ J30+ J30+ J30+ J30+ + IFB36 + IFB37 + IFB38 + IFB39J30

J30 J30 J30 J30
IFBT5J30-— IFB4OJ30+ IFB41J30+ IFB42J30+ IFB43J30+ IFB44J30+ IFB45J30+ IFB46J30+ IFB47J30+ IFB48J30+ I|:B49J30

IFBT6 5y~ IFB50, 5t IFB51 45t IFB52, 5t IFB53 4 5t IFB54, 5t IFB55, ot IFB56 5t IFB57 5t IFB58, gt IFB59 o

IFBT7 j 5o~ IFB60, 5t IFB61 45t IFB62, 5t IFB63, 5t IFB64, 4t IFB65, 5t IFB66 5t IFB67 55t IFBE8, 55t IFB69,
IFBT8 | 5= IFB70 55t IFB71 5t IFB72, 55t IFB73, 5t IFB74, 45t IFB75, 4 5t IFB76 5t IFB77 5t IFB78, 55t IFB79, 5

IFBTO 5y~ IFB80 5t IFB81 5t IFB82, 5t IFB83 5t IFB84, 5t IFB85, 5t IFB86, st IFB87 5t IFB8S, ;5 IFB89, 5

IFBT10,,4= IFB90 5t IFBO1 5t IFBO2, ot IFBO3 5t IFB94 5t IFBO5 s+ IFB96 st IFBO7 5t IFBIS, 5t IFB99,

IFBTllJSO- = IFBlOOJ:‘,’o



IFBTT1J30:: IFBT1J3O+ IFBT2J3O+ IFBT3J3O-|— IFBT4J3O-|— IFBTSJSO+ IFBT6J3(
IFBTT2J30:: IFBT7J3O+ IFBT8J3O+ IFBT933O-|— IFBT10J3O+ IFBTll‘J30
IFBTTJ3O:: IFBTT1J3O+ IFBTTZ_.130
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FIGURE #4: COMPARISON OF WAVEFORM REGENERATED FROM HARMONIC COEFFICIENTS (IFBTT) TO THE INITIAL SCR
GENERATED WAVEFORM (ISIN)

Since the waveform formed by the summation of the harmonic coefficients very closely approximates the original waveform, we can
conclude that most of the harmonic coefficients have been found.



V CALCULATION OF THE CURRENT AND POWER HARMONIC SPECTRUM VALUESAND THE AVERAGE AND RMS

VALUESOF CURRENT FOR THE WAVEFORM.

Asshown in figure #4, the regenerated waveform closely approximates the initial waveform. Thisindicates that the majority of
significant harmonic coefficients have been calculated. The calculation of the current and power spectrum val ues are shown below.
Then the calculation for the average and RM S values of current for the waveform (in percent of peak of the sine wave) are shown
below. Then, the harmonic spectrums of this waveforms from DC to the 100" harmonic frequency are shown in figure #5 and figure #6

bel ow.

CALCULATION OF HARMONIC AVG, RMS AND SPECTRAL LEVELS FOR CURRENT AND
POWER (AGAIN ASSUMING A PURE RESISTANCE) FOR THE WAVEFORM UNDER
EVALUATION

o= 5 (a0 (20)7]

IAVGSCR

IRMSSCR .=

IAVGSCR

IRMSSCR

Ts

Ts

::i- Z (|ISINJ3$) -100

Jz30=1

1

Ts

= 31.552

=49.721

Ts

Z (|S|NJ3;;2 -100

Jzo=1

CALCULATION OF POWER SPECTRUM

CALCULATION OF CURRENT SPECTRUM

CALCULATION OF AVG. VALUE OF
MAGNITUDE OF WAVEFORM

CALCULATION OF RMS. VALUE OF
WAVEFORM

AVERAGE VALUE OF MAGNITUDE OF
WAVEFORM IN PERCENT OF PEAK
VALUE OF FULL SINE WAVEFORM

RMS VALUE OF WAVEFORM IN
PERCENT OF PEAK VALUE OF FULL
SINE WAVEFORM
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FIGURE #5: GRAPHICAL REPRESENTATION OF POWER SPECTRUM FOR THE SCR GENERATED WAVEFORM..
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FIGURE #6: GRAPHICAL REPRESENTATION OF CURRENT SPECTRUM FOR THE SCR GENERATED WAVEFORM.

For clarification, the values of the harmonic coefficients are shown below. Asyou can see, only the odd harmonics contribute to the
THD of thiswaveform. Because of this, it is commonto only calculate the odd harmonic coefficients in practice.



TABULATED DATA OF POWER AND CURRENT SPECTRUM AT VARIOUS HARMONICS

PM3 ! M3 A M3 BM3
o o [} o
0.173 [0.41 - 0.31 0.494
o o [} o
0.051 [0.22% 0.318 0.006
o o [} o
0.00 0.07% - 0.10¢ - 0.00¢
o o [} [}
0.00 0.07% 0.10§ 0.006
o o [} [}
0.002 ([0.04% |[-0.064 [-0.00¢
o o [} [}
0.002 |0.04% 0.064 0.006
o o [} [}
0.001 [0.032 [-0.04% - 0.00¢
o o [} [}
0.001 [0.032 0.045 0.006
o o [} [}
0.001 |0.02% - 0.03§ - 0.00¢
o o [} [}
0.001 [0.02% 0.035 0.006
o o [} [}
o 0.021 [-0.029 |-0.00¢
o o [} [}
o 0.021 0.029 0.006
o o [} [}
o 0.017 [-0.024 |-0.00¢

z3:=25

m3:=0..z3



VI CALCULATION OF THE CURRENT AND POWER THD (TOTAL HARMONIC DISTORTION) VALUESFOR THIS
WAVEFORM.

Thetotal harmonic distortion is defined as the ratio of the RM S value of the harmonic coefficients to the magnitude of the fundamental
component[3]. The current and power total harmonic distortion levels are calculated below. Note that the power total harmonic
distortion assumes that the load is purely resistive. If theload is purely resistive, then the current waveform mirrors the voltage
waveform exactly. Thisalows usto easily calculate the power total harmonic distortion knowing that power = voltage * current. If
there are reactive componentsin the load, then the current waveform does not mirror exactly the voltage waveform. In this case, both
voltage and current waveforms would have to be modeled and then power calculated from that result.

CALCULATION OF POWER THD

CALCULATION OF CURRENT THD

POWER THD VALUE IN PERCENT IN
pTHD = 290.734 PERCENT OF FUNDAMENTAL

mHo. = 65243 CURRENT THD VALUE IN PERCENT OF

FUNDAMENTAL

VII SUMMATION OF RESULTSFOR VARIOUS CONDUCTION ANGLESFROM 1 TO 180 DEGREES:

Thetable below uses the above procedure to calculate the values of Irms, lavg, THD current, and THD power with respect to the angle
of delay. The“delay angle” isthe angle of the sine wave where the SCR isnot gated. The “conduction angle” isthe angle of the sine
wave where the SCR isgated. Therefore, to find the value of a certain conduction angle, subtract that conduction angle from 180
degrees. Then look up this“delay angle” below. The values of Irmsand lavg are normaized to the peak current value of the full
conduction sinewave. The values of THD current and THD power are normalized to the fundamental component at that particular
conduction angle. Then Irms, lavg, THD current and THD power are all plotted with respect to delay anglein figures 7, 8, 9, and 10
below for agraphical representation of the effect of delay angle on these values.



Delay Angle | Irms lavg THD current THD power
(Degrees) (Yopeak I) (Yopeak 1) (% fund.) (% fund.)
0 70.71 63.66 0.00 0.00
1 70.71 63.65 0.14 0.00
2 70.71 63.63 0.36 0.00
3 70.71 63.60 0.64 0.00
4 70.71 63.56 0.% 0.00
5 70.70 6352 128 0.00
6 70.70 63.46 165 0.01
7 70.69 63.39 2.05 0.01
8 70.69 63.31 2.46 0.01
9 70.68 63.23 291 0.02
10 70.66 63.13 3.37 0.03
11 70.65 63.02 3.85 0.04
12 70.63 62.91 4.35 0.05
13 70.61 62.78 4.86 0.07
14 70.59 62.65 5.39 0.08
15 70.56 62.50 5.4 0.11
16 7053 62.35 6.49 0.13
17 70.50 62.19 7.06 0.16
18 70.46 62.02 7.64 0.19
19 7042 61.84 8.23 0.23
20 70.28 61.65 8.84 0.27
21 7021 6145 945 0.32
2 70.27 61.24 10.07 0.37
23 70.21 6102 10.70 043
24 70.14 60.80 11.34 0.49
25 70.07 60.56 11.98 0.56
26 70.00 60.32 12.64 0.63
27 69.91 60.06 13.30 0.72
28 69.83 59.80 13.96 0.80
29 69.73 59.53 14.64 0.90
30 69.63 59.26 15.32 100
31 69.53 58.97 16.00 111
32 69.42 58.68 16.69 123
33 69.30 58.37 17.39 1.36
A 69.17 58.06 18.09 149
35 69.04 57.74 18.80 164
36 68.90 5742 1951 179
37 68.75 57.08 20.23 195
33 68.60 56.74 20.95 212
39 68.44 56.39 21.68 230
40 68.27 56.03 241 250




Delay Angle | Irms lavg THD current THD power
(Degrees) (Yopeak I) (Yopeak 1) (% fund.) (% fund.)
41 68.10 55.67 2315 2.70
42 67.91 55.30 23.89 291
43 67.72 54.92 24.63 313
44 67.52 54.53 25.38 3.37
45 67.32 54.14 26.13 361
46 67.10 53.74 26.89 3.87
47 66.88 53.34 27.65 4.14
48 66.65 52.92 2842 4.42
49 66.42 52.50 29.19 4.71
50 66.17 52.08 29.96 5.02
51 65.92 51.65 30.74 5.34
52 65.65 51.21 3152 5.67
53 65.38 50.76 3231 6.01
54 65.10 50.31 33.10 6.37
55 64.82 49.86 33.89 6.74
56 64.52 49.40 34.69 7.13
57 64.22 48.93 3550 7.53
58 63.91 48.46 36.31 7.95
59 63.59 47.99 37.12 8.38
60 63.26 4750 37.94 8.82
61 62.92 47.02 38.76 9.29
62 62.58 46.53 39.59 9.76
63 62.22 46.03 4042 10.25
64 61.86 4553 41.25 10.76
65 61.49 45.03 42.10 11.28
66 61.11 4452 42.94 11.82
67 60.73 44,01 43.80 12.38
68 60.33 4350 44.65 12.95
69 59.93 42.98 4552 1354
70 59.52 42.46 46.39 14.15
71 59.10 41.93 47.26 14.77
72 58.67 4140 48.14 1541
73 58.24 40.87 49.03 16.07
74 57.80 40.34 49.92 16.74
75 57.35 39.80 50.82 17.43
76 56.89 39.26 51.73 18.14
77 56.42 38.72 52.64 18.86
78 55.95 38.18 53.56 19.60
79 55.47 37.63 54.49 20.36
80 54.98 37.08 55.43 2113




Delay Angle | Irms lavg THD current THD power
(Degrees) (Yopeak I) (Yopeak 1) (% fund.) (% fund.)
81 54.49 36.54 56.37 2192
82 53.98 35.99 57.32 2273
83 5349 3543 58.28 2355
84 52.96 34.88 59.25 24.39
85 52.44 #A.33 60.22 2525
86 5191 33.77 6121 26.11
87 5137 3.2 62.20 27.00
83 50.83 32.66 63.21 27.90
89 50.27 3211 64.22 28.81
Q0 49.72 3155 65.24 29.73
91 49.16 31.00 66.28 30.67
92 4859 3044 67.32 31.63
93 48.02 27.89 68.38 3259
A 47.44 27.33 69.44 3357
95 46.85 28.78 7052 34.56
% 46.26 28.23 7162 3557
97 45.67 27.68 7272 36.59
98 45.07 27.13 73.84 37.62
9 44.46 26.58 74.97 38.66
100 43.85 26.03 7344 39.72
101 43.24 2548 7727 40.79
102 42,62 24.94 7844 41.88
103 42.00 24.40 79.63 42.98
104 41.37 23.86 80.84 44.10
105 40.74 2332 82.06 45.23
106 40.10 22.79 83.30 46.37
107 39.46 22.26 84.55 4753
108 38.82 2173 85.83 48.71
109 38.18 2120 87.12 49.91
110 3753 20.68 88.44 5112
11 36.88 20.16 89.77 52.35
112 36.23 19.65 9113 53.59
113 3557 19.14 92.50 54.86
114 3491 18.63 93.90 56.15
115 34.25 1813 95.33 57.45
116 3359 17.63 96.78 58.78
117 32.93 17.13 98.25 60.13
118 32.26 16.64 99.76 6150
119 3160 16.16 101.29 62.90
120 30.93 15.67 102.85 64.32




Delay Angle | Irms lavg THD current THD power
(Degrees) (Yopeak I) (Yopeak 1) (% fund.) (% fund.)
121 30.26 15.20 104.44 65.77
122 29.60 14.73 106.06 67.24
123 28.93 14.26 107.72 68.74
124 28.26 13.80 109.41 70.27
125 2759 13.35 111.14 7183
126 26.93 12.90 112.90 7343
127 26.26 12.45 114.70 75.05
128 25.60 12.01 116.55 76.71
129 24.93 11.58 11845 78.41
130 24.27 11.16 120.38 80.15
131 2361 10.71 122.37 81.92
132 22,95 10.33 124.41 83.74
133 2229 9.92 126.50 85.61
14 2164 9.52 128.64 87.52
135 20.99 9.13 130.85 80.48
136 20.31 8.74 133.12 9150
137 19.69 8.35 135.46 9357
138 19.05 7.99 137.87 95.70
139 1841 7.63 140.35 97.89
140 17.78 7.27 142.92 100.15
141 17.15 6.92 14557 102.48
142 16.52 6.58 148.31 104.88
143 1590 6.24 151.14 107.37
144 1529 5.92 154.08 109.94
145 14.68 5.60 157.13 112,60
146 14.07 5.29 160.30 115.37
147 1347 4.98 163.60 118.24
148 12.88 4.69 167.06 121.22
149 12.30 440 170.60 124.37
150 11.72 4.13 174.35 12757
151 11.15 3.86 178.27 130.97
152 1058 3.60 182.36 134.52
153 10.03 3.34 186.67 138.25
14 9.48 3.10 191.22 142.16
155 8.H 2.86 196.00 146.29
156 841 2.64 201.05 150.65
157 7.89 242 206.42 155.27
158 7.38 221 212.13 160.17
159 6.88 201 218.19 165.39
160 6.39 182 224.68 170.98




Delay Angle | Irms lavg THD current THD power
(Degrees) (Yopeak I) (Yopeak 1) (% fund.) (% fund.)
161 591 161 231.68 176.98
162 5.45 147 239.20 18345
163 4.99 131 247.32 190.45
164 4.55 116 256.18 198.08
165 412 101 265.91 206.44
166 3.70 0.88 276.56 215.67
167 3.30 0.75 288.36 225.93
168 291 0.64 30168 237.46
169 2.54 0.53 316.69 250.56
170 2.19 044 333.65 265.63
171 185 0.35 35348 283.28
172 154 0.27 377.22 304.39
173 124 0.20 405.27 330.29
174 0.96 0.15 439.37 363.18
175 0.71 0.10 485.29 407.67
176 049 0.06 549.28 473.03
177 0.29 0.03 627.05 572.92
178 0.13 0.01 700.00 700.00
179 0.00 0.00 738.62 704.40
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FIGURE #7: GRAPHICAL REPRESENTATION OF THE VALUE OF Irms WITH RESPECT TO DELAY ANGLE.
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FIGURE #8: GRAPHICAL REPRESENTATION OF THE VALUE OF lavg WITH RESPECT TO DELAY ANGLE.
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FGURE #9: GRAPHICAL REPRESENTATION OF THE VALUE OF THD current WITH RESPECT TO DELAY ANGLE.
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FGURE #10: GRAPHICAL REPRESENTATION OF THE VALUE OF THD power WITH RESPECT TO DELAY ANGLE.



VIII CONCLUSION

In this paper, we have demonstrated a method of mathematically modeling an SCR semiconductor generated waveforms. Then we have
analyzed these waveforms for harmonic content, rms and average values of current at any given angle of conduction. Finally, we have
evaluated the rms and average value of current for all conduction angles from 1 to 180 degrees as well as the values of THD current and
THD power for al conduction angles from 1 to 180 degrees.
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