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A Study on the Nonlinear Resistance Model of a F/L
Operating in High Frequency
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ABSTRACT

To save energy consumption, it is proposed to operate a discharge lamp with high frequency
power.

When designing a high frequency operating circuit containing a discharge lamp, the character
of a lamp may be needed. And there are various methods to get and models for this.

In this study, to present the volt-ampere character of a fluorescent lamp which gives a good
saving effect, the nonlinear resistance model is suggested. And the validity of the model is
verified by applying the model for the circuits with inductor ballast and capacifor ballast. This
model, in contrast with the others, can be easily obtainable. And for comparison,the model using
a modified Francis equation is examined.

The method used in this study can be basically applied to the other discharge lamps.

As a result,

1) Approximated 3rd order polynomial of nonlinear resistance model gives a good simulation
result.

2) When operating in high frequency, the model using a modified Francis equation with con-
stant coefficients can’t be applied.
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Fig. 1. Approx1mated Voltage-Time, Ampere-

Time curves at the commercial frequency.
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Table 1, Coefficients a; of approximated poly nomials of order 3 and 5
A O 3 A .
Freq.[KHz] pprox rder pprox Order 5
a as a as as
5 128.76 277.91 141. 37 146. 08 275.57
8 134.29 406. 72 141.17 205. 89 478.07
10 142.28 410. 39 155. 36 251.14 388.03
13 138.31 492.18 156. 87 254.18 611. 40
222 24 o] A4 HY Oscillatoroll <17 % Frequency Counter® &bt}
Amp.o] Wz 75 C Matchingg # 3 4] |
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. . . . Z+e 7kAl A 8le HPEo Agh HE o 2
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Table. 2, Measured and calculated valuesand errors at each frequency(L ballast)
M red Approx. order 3 Approx. order b
5 KHz casure Calculated Error [%)] Calculated Error[%]
Carrent [A] U440 0. 448 1.8 0. 448 L9
Lamp Volt V] 92.7 95.7 3.2 96.0 3.6
Lamp Power [W] 40. 4 42.5 5.1 42.6 5.5
Phase [deg] 61.8 61.6 0.4 61.5 0.5
8 KHz
Carront [A] U-4TT 0413 0.4 0413 0.7
Lamp Volt [V] 98. 4 99.0 0.6 99.0 0.6
Lamp Power [W] 40.0 40.4 1.0 40. 4 1.0
Phase [deg] 59.0 60.7 2.7 60. 6 2.6
10 KHz
Current [A] 0. 404 0. 407 0.9 0. 407 0.9
Lamp Volt [V] 99.0 100.1 1.1 100. 1 1.1
Lamp Power [W] 39.6 40. 4 2.0 40. 4 2.0
Phase [deg] 58.0 59.9 3.2 59.8 3.1
13 KHz
Current [A] 0. 356 0. 38 2.6 0. 386 2.5
Lamp Volt [V] 101.2 96. 2 4.9 96. 0 5.2
Lamp Power [W] 39.5 36.7 7.1 36.6 7.3
Phase [deg] 58.1 61.4 5.8 61.4 5.7
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o] A]o & H¥ c}A] 4th-order Runge-Kutta 2000v)= - ~°'°(A]
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o]4 3 AR E Tl ok7) ] e AFE wBoelE Time curves at 5KHz(C-Ballast)
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Table. 3. Measured and calculated values and errors at each frequency(C ballast)
Approx. order 3 Approx. order 5
M
5 KHz easured Calculated Error [%] Calculated Error (%]
Current [A] 0.414 0. 426 3.0 0. 427 3.1
Lamp Volt V] 98.0 84.7 13.5 84.3 13.9
Lamp Power [W] 40.2 35.9 10.7 35.8 10.9
Phase [deg] 65.5 67.5 3.2 67.3 2.8
8 KHz
Current [A] 0. 396 0. 407 2.7 0. 408 2.8
Lamp Volt V] 101.7 92.2 9.4 91.8 9.8
Lamp Power [W] 40.0 37.2 6.9 37.2 7.1
Phase [deg] 63.7 65.5 2.9 65.3 2.6
10 KHz
Current [A] 0. 393 0. 403 2.4 0. 403 2.5
Lamp Volt A 102.1 94.1 7.8 93.8 8.1
Lamp Power [W)] 39.9 37.7 5.5 37.6 5.6
Phase [deg] 63.2 64.5 2.0 64.3 1.8
13 KHz
Current [A] 0. 408 0.403 1.1 0. 404 0.9
Lamp Volt [V] 101.0 99.4 1.6 99.1 1.9
Lamp Power [W] 40.9 39.7 2.8 39.7 2.9
Phase [deg] 62. 4 62.9 0.8 62.7 9.50
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