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Development of an Ultra-Violet Lamp and a Ballast
for Ship's Ballast Water Treatment
Sang-Gyu Cheon! - Dae-Won Park® - Gyung-Suk Kilt
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Abstract: In this paper, we dealt with the design and fabrication of a medium pressure ultra-violet (UV)
lamp and a magnetic ballast which are main components for ballast water treatment systems (BWTS). To
acquire an optimal discharge condition of UV lamp, electrical and optical characteristics depending on the
argon gas volume and the amount of mercury were experimentally analyzed. Rated voltage, current and
power consumption of a prototype lamp were 490 [V], 8.6 [A] and 4.0 [kW], respectively. UV intensity of
the lamp was 15 [%] higher than that of an equivalent lamp which is used in a BWTS. The magnetic
ballast was designed in a UI core type through theoretical analysis and simulation. The open voltage and
the rated power consumption of the ballast were 920 [V] and 8.5 [kKVA] respectively. The disinfection
efficacy which is carried out in a BWTS equipped with the UV lamp and magnetic ballast was over 99.99
[%], and this satisfy the IMO regulations.

Key words: Ballast water treatment system, Medium pressure UV lamp, Magnetic ballast, Disinfection
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Figure 1: Conceptional diagram of ballast water
exchange.
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Figure 3: UV absorbance of Nucleotides and DNA at
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Figure 4: Configuration of the test equipment.
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Table 1: Electrical characteristics of prototype UV
lamps depending on Ar gas volume.

g
[kW]
A 4884 | 86 | 90.1 | 368 | 239 | 3.78

Ar gas | A5t | AF | PF Vrup | Irup
[Torr] [V] [A] | [%] | [%] | [%]

B 486.8 | 8.6 | 90.2 | 369 | 245 | 3.77

C 4902 | 8.6 | 90.2 | 36.6 | 225 3.8
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Figure 5: Optical spectrum of prototype UV lamps
depending on Ar gas volume.
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Table 2: Electrical characteristics of prototype UV
lamps depending on the amount of mercury.

Hg A | AR PF Viup | Itip K
[mg] [V] [A] | [%] [%] [%] | [kW]
A 405.6 | 9.5 834 | 422 | 553 3.21
B 4919 | 8.6 90.0 | 36.6 | 24.0 | 3.81
C 627.5 8.4 83.0 | 41.2 | 442 | 437

600

=p-5[mg] plmgl = p+5 [me]

Intensity [uW/cm*/nm]
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Figure 6: Optical spectrum of UV lamps depending
on the amount of mercury.
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Figure 7: Photograph of the prototype UV lamp.
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Figure 8: Photograph of the prototype ballast.

Table 3: Specifications of the prototype ballast.
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Figure 9: Waveforms of input voltage and current.
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Figure 10: Waveforms of lamp voltage and current.
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Figure 11: Configuration of the BWTS.
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Figure 11: Biological efficacy of the BWT system.
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