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EQUIVALENT CIRCUIT OF A LEAD TYPE OPERATING CIRCUIT FOR A HIGH PRESSURE
MERCURY ARC LAMP

Sumio MAEDA, Mikio MATUYAMA and Junichi YAMAGUCHI

The re-

First, a Fourier series was developed on vol-

The starting characteristics in a system that includes a non-liner load was studied.
search was conducted in the following sequence.
tage and current waveforms at each element of the lead type operating circuit for a high pressure
Then using the Fourier expansion, each harmonic character at each
element of the circuit was obtained theoretically and experimentally.

mercury discharge lamp.
From the voltage and cur-
rent of the distorted wave at each element of the operating circuit, the vector diagram, the impe-
dance ( and its resistance and reactance component ), and the equivalent circuit were obtained for
each harmonic, and their characteristics charified.
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TR i
020=19.81v2sin( wt+87°)+4.125v2sin(3wt—105) )
+2.809v2 sin(5wt+64°)+2.07v2 sin(7 wt —128°)
i0=1.094v2 sin( wt+82°)+0.101v2sin(3wt+56°)
+0.006v2 sin(5wt—1697)40.011v2 sin(7wt +11°)
VL0 =37.65v2sin( wt+89°)+13.75v2sin(3wt—113°)
+8.69v2 sin(5wt +48°)+5.595v/2 sin(7 wt — 147°)
iLw=1.104v2 sin( wt+77°)+0.125v2sin(3wt+30°)
+0.01v2sin(5wt+172°)40.014v2 sin(7 wt —21°)
DLeo=53.91v/2 sin( wt+91°)+22.38v2sin(3wt—118")
+12.71v/2 sin(5wt+34°)+7.731v2 sin(7 wt — 167°)
ise=1.123v2sin( wt+73°)+0.157v/2sin(3wt+13°)
+0.012v2sin(5wt+1607)+0.015v2 sin(7wt—47°)
Vis0=74.02v/2sin( wt+86°)+28.82v2sin(3wt—132°)
+15.48v2 sin(5 wt +8°)+8.261v/2 sin(7 wt +154°)
i00=1.126v2 sin( wt+68°)+0.18v2sin(3wt—6)
+0.012v/2 sin(5wt+138°)+0.014v2 sin(7 wt—87°)
VLi0e=93.5v2sin( wt+80°)+32.84v/2sin(3wt—147°)
+16.0v/2sin(5wt—18°)+7.358v2 sin(7 wt +120°)
iew=1.11v2sin( wt+62°)+0.193v2sin(3wt—25°)
+0.012v2sin(5wt+122°)40.013v2 sin(7wt —123°)
Vu1s=106.8v2 sin( wt+76°)+35.59v/2sin(3wt—159°)
+16.0v/2 sin(5wt —39°)+6.613v2 sin(7 wt +95°)
iLis=1.094vZ sin( wt+587)+0.199v2sin(3wt—39°)
+0.011v/2 sin(5wt+108°)+0.012v2 sin(7 wt—150°)
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b (2)

4, 2 Fa—7AMILDVTHETE ven,
%;ﬁ ich
Veno=155.7v2 sin( wt+168°)+12.57v/2sin(3wt+129°)
+3.09v2sin(Gwt—114°)+2.26v2 sin(7 wt +61°)



AIEE - A8 - 1LE KR T ¥ TR AT RS O Sl EEs 21

ien20=1.088v2 sin( wt+82°)+0.1v2sin(3wt+56°)
+0.006v2 sin(5wt —168°)+0.011v2 sin(7 wt +10°)
Venio=156.4v2 sin( wt—163°)+24.32v/2 sin(3wt+93°)
+9.364v2 sin(5wt—132°)+6.04v2 sin(7 wt +35°)
lenvo=1.098v2sin( wt+77°)+0.124v2sin(3wt +29°)
+0.009v2 sin(5wt+169°)+0.013v2 sin(7 wt—24°)
Veneo=158v2sin( wt+159°)+36.82v2sin(3wt+78°)
+13.61v2 sin(5wt—147°)+8.154v/2 sin(7wt +12°)
icneo=1.118v2sin( wt+73°)+0.155v2sin(3wt+11°)
+0.011v2 sin(5wt+160°)+0.014v2 sin(7 wt —52°)
Venso=158.5v2 sin( wt+154°)+45.18v2 sin(3wt+61°)
+15.93v2 sin(5wt—171°)+8.708v2 sin(7 wt —27°)
ienso=1.124vZ sin( wt+67°)+0.176v2sin(3wt —8°)
+0.012v/2 sin(5wt+141°)+0.014v/2 sin(7 wt —98°)
Venioo=156.7v2 sin( wt+148°)+51.72v2 sin(Bwt+44°)
+17.05v/2 sin(5wt+161°)+8.032v2 sin(7 wt —65°)
icnoe=1.112v2sin( wt+62°)+0.191v2sin(Buwt—26°)
+0.011v/2 sin(5wt +117°)+0.013v2 sin(7 wt —128°)
Donis=154.6v2sin( wt+144°)+55.44y2 sin(3wt+29°)
+16.82v2 sin(5wt+138°)+7.195v/2 sin(7 wt —92°)
ienns=1.092v2sin( wt+579)+0.197v2sin(3wt—42°)

+0.01v2sin(5wt +103°)+0.012v2sin(7 wt —158°) |

4. 3 ALTFLHOUTHEEE v, T i.
Ve =355v2sin( wt—9°)+11.2v2sin(3wt—34°)
+0.43v2sin(5wt+87°)+0.506v/2 sin(7 wt —90°)
ic20=1.086v2 sin( wt+82°)+0.104v2 sin(3wt+55°)
+0.005v2 sin(5wt—177°)40.011v2 sin(7wt +5°)
Ve =358.8v2sin( wt—14")+13.46v2sin(3wt—62°)
+0.626v2 sin(5wt +82°)+0.615v2 sin(7wt —117°)
ico=1.098v2sin( wt+77°)+0.124v2sin(3wt+28°)
+0.009v2 sin(5wt+169°)+0.013v2 sin(7 wt —29°)
Veso=364.9v2 sin( wt—18°)+16.64v2sin(3wt—79°)
+0.619v2 sin(5wt+63°)+0.671v2 sin(7 wt —143°)
icso=1.116v2sin( wt+73°)+0.154vZsin(3wt+10°)
+0.01v2sin(5wt+153°)+0.014v2 sin(7 wt—56°)
Veso=365.9v2 sin( wt—237)+19.10v2sin(3wt—98°)
+0.685v2 sin(5wt+41°)+0.626v2 sin(7 wt+177°)
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ieo=1.119v/2sin( wt+67°)+0.177v2sin3wt—9°)
+0.01v2 sin(5wt +130°)+0.014v2 sin(7 wt — 95°)
Veroo=360.2v2sin( wt—29°)+20.61v2sin(3wt—117°)
+0.644v2 sin(5wt+17°)+0.578v2 sin(7 wt +139°)
lei00=1.102v/2 sin( wt+62°)+0.191v2sin(3wt—28°)
+0.01v2 sin(5wt+111°)+0.013v2 sin(7 wt —132°)
Vens=354.7v/2sin( wt—34°)421.57v2sin(3wt—133°)
+0.669v2 sin(5wt+2°)+0.522v2 sin(7wt +110°)
iens=1.085v2sin( wt+57°)+0.199v2 sin(3wt —43°)
+0.009v2 sin(5wt+95°)+0.011v2 sin(7 wt — 162°)

4. 4 Fa—7a4NETCTFHOVTHEE
E ven-c, B icn-c
Ven-c0o=202.6v/2sin( wt—6°)+4.071v2 sin(3wt +69°)
+2.852v/2 sin(5wt —122°)+2.026v2 sin(7 wt +47°)
{en-c20=1.098v2 sin( wt+82°)+0.1v2sin(Bwt+56°)
+0.006v2 sin(5wt—168°)+0.011v/2 sin(7 wt +10°)
Ven-c0=204.5v/2sin( wt—11°)+13.72v2sin(3wt+66°)
+8.398v2 sin(5wt —134°)+5.441v/2 sin(7 wt + 28°)
fen-coo=1.105v2sin( wt+78°)+0.124vZsin(Bwt+30°)
+0.008v2 sin(5wt+173°)+0.013v2 sin(7 wt — 23°)
Ven-cso=208.8v2 sin( wt—15°)+21.82v2sin(3wt+59°)
+12.81v2sin(5wt—151°)+7.588v2 sin(7 wt + 6°)
fen-co=1.123v2sIn( wt+73°)+0.152v2sin(3wt+12°)
+0.01v2 sin(5wt+158°)+0.014v2 sin(7 wt —51°)
Ven-cso=211.7v/2sin( wt—21°)+28.69v2 sin(3wt+45°)
+15.66v2 sin(5fut— 175°)+8.316v2 sin(7wt—32°)
fen-cso=1.133v2sin( wt+68°)+0.177v2sin(3wt—7")
+0.01v2sin(5wt+136°)+0.014v2 sin(7 wt —89°)
Ven-ci00=207.1v2 sin( wt—27°)+32.91v/2sin(3wt+28°)
+16.33v2 sin(5wt+153°)+7.369v2 sin(7 wt —73°)
icn-cr0=1.114v2sin( wt+62°)+0.187v2sin(3wt—28°)
+0.01vZ sin(5 wt+114°)+0.012v2 sin(7 wt —130°)
Ven-c11s=204.9v2 sin( wt—31°)+35.98v/2sin(3wt+18°)
+16.60v2 sin(5wt+ 136°)+6.826v/2 sin(7 wt — 94°)
fen-ens=1.102v2 sin( wt+58°)+0.197v/2sin(3wt—40°)
+0.01vZsin(5wt+987+0.011v2sin(7wt —153) |
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4. 5 ADKFEE e, ER {
€20=202.6v2 sin wt+0.21vZ sin(3wt — 36°) 1

+0.123v2 sin(5t — 177°)40.094v2 sin(7 wt —142°)
i20=1.097v2sin( wt+839)+0.1¥2sin(3wt+58°)
+0.006v2 sin(5wt—163°)+0.011v2 sin(7wt +14°)
€,0=202.6v2sinwt+0.313v2 sin(3wt—84°)
+0.149v2 sin(5wt —170°)+0.175v2 sin(7 wt — 158°)
i=1.11v2sin( wt+78°)+0.124v2sin(3wt+31°)
+0.009v2 sinGwt+177°)+0.013v2 sin(7wt —19°)
€60=202.6v2 sinwt+0.434v2 sin(3wt—100°)
+0.164v2 sin(5wt+159°)40.211v/2 sin(7wt —173°)
ise=1.13v2sin( wt+74)+0.154v2sin(3wt+13°)
+0.011vZ sin(Gwt+162°)+0.014vZ sin(7 wt —46°)
€3=202.6v2 sinwt+0.42v2 sin(3wt —108°)
+0.087v2 sin(5wt +154°)+0.15v2 sin(7 wt +160°)
in=1.137v2sin( wt+68°)+0.177v/2sin(3ut—5)
+0.011v/2 sin(5wt+141°)+0.014v2 Sin(7 wt — 84°)
€100=202.6v2 sinwt+0.455v2 sin(3wt —127°)

+0.052v2 sin(Gwt+101°)+0.013v2 sin(7 wt +140°)
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h0=1.116v2sin( wt+62°)+0.19v/2 sin(3wt—27°)
+0.011v2 sin(5wt+120°)40.013v2 sin(7wt —127°)
€115=202.6v2 sinwt+0.544v2 sin(3wt — 147°)
+0.039v2 sin(5wt —128°)+0.089v2 sin(7 wt +117°)
ins=1.102v2sin( wt+58°)+0.196v2sin(3wt—40°)
+0.01v2 sin(5wt+105°)+0.012v2sin(7 wt —152°)
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