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Schedule Method of Harmonic Analysis
By the Engineering Department ot Aerovox Corporation

When no wave analyzer is available
a harmonic malpis may be made o f As=1/11610 7 da,4 Al 11.1:' yms.3 dx.
a wave from the latter, oseillogthm
otuained either f Tom an oscilloscope and 11n,l/AL y to cl3.
dreen or tecorder Mart. The basic PM-

ique is a solution of the Fortier series: the tech km alesie..
lte quickly Amnions the desire to rind

(1k) Um Rum., content from the wave
y=k,, Atom wt + Adds 2 + Adds to

Rot
1le lees dl

he imed not do this. lot the kdirdole
431+ Acn. 517l 4- Ad.6wtMethod pormits evaluation of the Fourier

+ Bisin At + Itssin .+11ssin series, using simple arithmetic. This
+ Bisin 4.+Bssin 5set method has Imcn known for some time

(it was deartibcd In Me Bureau uf Stand

Her Au is the 11-11 .1111.1.11, and 111n 'eurvael':1'sinfrrttinrs2n3a1Velecs tdnt
in

A and It terms are de components: hooks): infkik Melt, no grrot number of

technicians seem to have died to apply
it While the method does involve a

number of mIcuRtIons, they all are
iimple and the method provides art ex..
tr.nly usefol tool. This article des.
eribcd the Schedole Method and gOes

sop-bstep-by-stcp
ilhottative example. They-step

detailed hoe 'has been sim.pl.. by mnsolidoing the (int two
series of calculations of the original me.
Mori nit, the third seties, and pre.
senting this combined opetatiot as our
fast series ol calculattons. Ihe techni
ian may use this method to analyze any
periolic wave pine, distorted audio,
.uate, pulse, sawtooth, etc.) that he
ran display on Me oscillosmpe screen
or recorder than.
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PROCEDURE FOR ANALYSIS

The version of the Schedule Method
described here involves 6 steps, in the
last three of which Mere my several
simple calculations.

STEP I. Obtain a workable.sired pat-
tern of the waveform of interest. Do this
by (a) directly viewing an oscillosmpe
screcn, (b) photographing the pattern
from the creen, or (c) taking the traced
chart from a recorder.

STEP 2. See Figure 1. Along the x-axis,
divide I complete period of the wave.
form into 12 equal parts (as between
0 and X in Figure I): Start shortly to
the right of the beginning of the period.
From each of the II points which lie
within the half.cycics of the pattern,
carefully measme the vertical distance
from the point to the pattern (vertical
lines - ordinates - may be drawn up
to the positive half -cycle and down to
the negative half -cycle, as shown in Fig -

re I), and label these heights yo to y o,
as shown. The lengths of these ordinates
may be measured in any consistent units
(inches, centimeters, millimeters, will+
scope screen divisions, reCorder chart di-
visions) provided that tenths can he
measured. Upgoing ordinates (e.g., yo to
yo) are positive values: downgoing ordi.
nates m y) are negative.

STEP 3. Record these y -values in a table
(see Figure 2).

STEP 4. Using these y -values, calculate
the sums (Svalues) and difference§ (D -
values) according to Equations (7-2) to
(1-17), below.

(12) So=Yo+Pt

(18) A=Yo + Y, + y, +

(14) So=4. + T r -P y.

(1-5) S.=4. + Yo

0-6) 8s=ro + Y, - P, -

f'D + - y. -

(1-8) )5,

(1)8) S,=y°+Y,+Pa+Y,+P.
+ Ys.

(140) 5 o=1. +Y. + y. +

(I-11) Dom yo-yo

(112) Do=yo - yo - y, + y.,

(1 -IS) Dom/ Ys -Y.+ Do

(1-14) 130=-3-, - 15. 4- - y.,

(1-15) - ha + -
(140) D,=y, + - +
(1+7) 1.)=Yo - + Ys + Ys -Y.°

FIGURE 1. DISTORTED WAVE FOR ANALYSIS

STEP 5. Using the , and D.values ob-
tained in Step 4, calculate the A and 13
Fourier coefficients, according to Equa
tions (I-18) to (129), below.

(148) A.= (So + Sd /12

(119) Ao+- (D. + 0.866D,+ 0.5D.) /o

(120) A.= (So + 0.5A - 0.55o - 5,) f.

(1.21) A,=1)1,/6

(122) ski= (So - 0.59. - 0.55, +40 /6

(123) Ao= (Do + 0.5131) /6

(1.24) Ao= (5, - S) /12

(125) B,m (0.55, + 0.866So + So) i6

(126) B= (0.866 (13, + D,) ) /6

(1-27) 13,=D,/6

(1-28) Bo= (0.866 (Do Do) ) /6

(129) B,= (0.5A - 0.866So + So) /6

STEP 6. Using the and Byalues ob-
taned in Step 5, calculate the various
components of the wave, according to
Equations (1.80) to (138), bolos, The
wave contains a Ac component, A,, only
when the half -cycles are sufficieMly asym.
metrical to midi in positive or nega.
live domince. (For a symmetrical sine
wave. A(=na0.)

(1,0) DU Component. DCmA,

(1,1) Fundamental. h, =-V +B:

(1,2) 2nd Harmonic. ho \/ Ay +

(I33) 3rd Harmonic. ho

(134) 4th Harmonic. ht Ei

(135) 5th Harinonic. h, =V Al

(136) 6th Harmonica ho= A

ILLUSTRATIVE EXAMPLE

The following example illustrates ana.
lysis of the distorted wave shown in
Figure I. The ordinates on the original
pattern were measured in centimeters.
STEP I. The obtained wave pattern is
shown in Figure I.

STEP 2. One period of the wave is
divided into 12 x-axis intervals (0 to
X lio Figure 1). Imes Me ordinates art
measoned cemirs.
STEP 3. The y -values are recorded in

the Table in Figure 2.

0

Ei2g31 La 2000 V5J05211KEM A EIRCIE100

ORDINATE Yo vt Yo Y. Po Y. Y.

HEIGHT 0.63 1.95 3.10 3.30 2.90 1.78 0A5 -0.92 -1.89 -2.14 -1.70 -0.82

STEP 4. The , and Dyalues are cal-
culated as shown in Equations (22) to
(2-17), below. These calculations apply
the basic equations (I-2) to (117), res-
pectively.

(2-2) S=0.63 + 0.05=1.08
(2-3)

(2-4)

(2-5)

(2-6)

5o=0.65 + 1.78 + (-0.92 + (0.82)
=0.67

5,=3.10 + 2.90 + (1E9) + (4.70
= 2.41

5,m-3.30 + (-2.15) =1.16

5,=1.95 + 1.78 - (-0.92) - (-0.82)

(27) S.=3.10 + 2.90 - (4.89) - (-1.70)
m9.59

(22) 5o=3.30 - (2.14)=5.44

(29) =0.63+ 3.10 + 290 + 0.45 +
(1.89) + (-1.70) =449

(2-10) 8,=195 + 3.30 + (.2.14) + (.0.82)
=229

(211) Do=0.63 - 0.15m_0.18

(212) 11+1.95 -1.78 - (-0.92) + (.0.82)
=027

(213) 0,=3.10 - 290 - (-1.89) + (-1.70)
=0.39

(2.14) Do=1.95 - 1.78 + (-0.92) - (.0.82)
=0.07

(215) Ds=3.10 - 2.90 + (.1.89) - (1.70)
=0.01

(2.16) D.=1.95 -9.30 + 1.78- (0.92)
+ (2.14) - (0.82) =0.03

(217) Do=0.63 - 3.10 + 2.90 -0.45 +
(2.89)- (410) -0.21

STEP 5. The A- and Ryan., are cal-
culated from the and Dvalues ob-
tained in Step 4), according to Equations
(2.18) to (2-2 below. These calcula-
tions apply the ba9), sic equations (118) to
(1.29), respectively.

(2-18) Ao= (319 + 2.29) 112=0.482

(2-19) Ad+ (0.18 + 0.866 (0.27) + 09(0.39))
/6=. (0.18 + 0.234 0.195) /6

= 0.609/6 =0.1015
(2-20) A,=(1.08 + 0.5 (0.15)) - OA (2.41) -

1.10) /6=(198 -12 0.$24 1.205 -1.16)
/6= -0.95/6=0.158

(221) A3,0.21/6,0.035
(2.22) A), (108 - 0.5 (067) +1.16) /6.,

(1.08 - 0.335 + 1.16) /6,1.905/6=0.3175

FIGURE 2. TABLE OF Y -VALUES

(2-23) At= (0.18 - 0.866 (0.27) + 0.5 (0.99)
/6+- (018 - h234 + .195) /6=0141/6

=0.7235
(224) Amm (5.49 - 229) /12=1.20712

=0.10
(225) 11= (0.5 (5,47) + 0.866 (9.59) + 514)

/6= (2.735 + 8.305 + 514) /6=16,48f6
=2.75

(2.26) B,- (0.866 (0.07 + 0.01)) /6+ (0.866
(0.08)) /6=0.0693/6=00115

(227) Bo=0.03f6=0.005

(2-28) 8)=0.806 (0.07 -0.01)) /6=
(0.866 (0.06) ) /6=0.06196/6=0.00866

(2-29) Bs= (0.5 (5.47) -0.861(9.59) + 5.44)
/6,- (2.735 - 8.305 + 5.44) f 6=- 0.13/6

=0.0217

STET' 6. Find*, using the A and B -
values obtained in Step 5, mlculate the
value of each component in the wave, ac-
cording to Equations (2.30) to (236),
1.low. The. calculations apply the basic
equations (1.30) to (1.56), respectively.

(2-30) D.0 Component.
DC=Aom0.482

(2-31) Fundamental.

0.10152 + 2.75'

1111 4- 156 =7.57=2.75

(2-32) 2nd Harmonic.

hom.-10.1582 + 00115' =

)1 0.02964 + 0.00013 -2-..117.0;

= 0.173

(2-33) 3rd Harmonic.

hs= ', 0.035' + 0.005' =

N0.00122 + 0.000025 =

- 0.00124 = 00352

(234) 4th Harmonic.

h.= -V 03175' + 0.008662 -
-V 0.10 + 0.000075 = 1 80

= 0.317

(235) 5th Harmonic

ho= -V 0.023M + 0.0217' =

-V 0.0552 + 0.00047 = .F/7/

=0.236

(236) 6th Harmonic bo=.1

if desired, an individual percentage
may be determined in terms of the fun-
damental amplitude: 100(h did , where
h is the amplitude of the harmonic
mmponent of interest (determined by
means of the appropriate one of Equa-
tions 2.30 to 236) and ht is the fun-
damental amplitude. Example: In the
wave analyzed in the foregoing sections,
what is the percentage of 2nd harmonic/
Hot, from Equation (231) the funda-
mental amplitude is 275, and the 2nd
harmonic amplitude is 0.173 (from Equa-
iton 2.32). 2nd harmonic=100 (0.173f
2.75)=100 (0.0629)=6.29%.

Similarly, the total harmonic distortion
(9%) of the wave may be determined:

(2-37)

,0_,Vh:+16i+ht+h:+h
X100

h,

From this equation and the component
values obtained in Equations (2.30) to
(236), the total harmonic distortion of
the wave analyzed in the preceding sec-
tions is

D%=

0.173'+ 0.0352'+0.317+0236°+0.1'

2.75

X 100=

-10.0298 +0.000124 + 0.10 +0.0557+ 0.01

2.75

X 100=

lr71.7967 X 100 0.4435 Igo

2.25 - 2.75

(0.1613) 100 = 16.13%


