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Abstract
Sridech, C., Yungyuen, U., Boonyaroonate, I.
High power factor single-stage electronic ballast for 400W metal halide lamp
Songklanakarin J. Sci. Technol., May 2007, Suppl 2 : 379-389

This paper propose a high power factor single-stage electronic ballast for the metal halide lamp which
operates at zero-voltage switching (ZVS) condition of all active switches. To reduce the number of switches, a
switch mode rectifier with power factor correction is integrated with a half-bridge inverter. An electronic
ballast prototype operating at 55 kHz has been implemented to drive 400W metal halide lamp. Experimental
results show that the designed electronic ballast has 0.99 power factor (PF), 1.49 lamp current crest factor
(CF), 11.40 % total current harmonic distortion (THDi) and 77.78 % efficiency (ηηηηη) at full load.

Key words : electronic ballast, power factor correction, half bridge resonant inverter,
zero voltage switching
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∫∑§«“¡π’Èπ”‡ πÕ∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å¿“§‡¥’Ë¬« ”À√—∫À≈Õ¥‡¡∑—≈Œ“‰≈¥å¢π“¥ 400 «—µµå ¿“¬„µâæ◊Èπ∞“π

°“√∑”ß“π¢Õß «‘µ´å·√ß¥—π»Ÿπ¬å (ZVS)  “¡“√∂∑’Ë®–≈¥®”π«πÕÿª°√≥å «‘µ™å≈ß‰¥â ‚¥¬°“√„™âÕÿª°√≥å «‘µ´å¢Õß«ß

®√Õ‘π‡«Õ√å‡µÕ√å‡√‚´·ππ´å·∫∫°÷Ëß∫√‘¥®å„Àâ∑”ß“π√à«¡°—∫«ß®√‡√’¬ß°√–·  ”À√—∫‡æ◊ËÕ°“√·°â‰¢§à“µ—«ª√–°Õ∫°”≈—ß

‚¥¬«ß®√µâπ·∫∫∑¥≈Õß°—∫À≈Õ¥‡¡∑—≈Œ“‰≈¥å¢π“¥ 400 «—µµå ∑”ß“π∑’Ë§«“¡∂’Ë «‘µ´å 55 °‘‚≈‡Œ‘√µ´å  ´÷Ëß®“°º≈

°“√∑¥≈Õß§à“µ—«ª√–°Õ∫°”≈—ß‡∑à“°—∫ 0.99  §à“µ—«ª√–°Õ∫¬Õ¥§≈◊Ëπ¢Õß°√–· ‚À≈¥‡∑à“°—∫ 1.49  §à“§«“¡‡æ’È¬π

Œ“√å¡Õπ‘° å¢Õß°√–· ¥â“π‡¢â“ ‡∑à“°—∫ 14.40% ·≈–ª√– ‘∑∏‘¿“æ‡∑à“°—∫ 77.78%  ´÷Ëßº≈∑’Ë‰¥â¡’§«“¡ Õ¥§≈âÕß°—∫

À≈—°°“√∑“ß∑ƒ…Æ’

À≈Õ¥‡¡∑—≈Œ“‰≈¥å¡’§«“¡π‘¬¡„™â°—πÕ¬à“ß¡“°„π
ªí®®ÿ∫—π ‡π◊ËÕß®“°„Àâ· ß∑’Ë¡’§«“¡„°≈â‡§’¬ß°—∫∏√√¡™“µ‘¡“°
∑’Ë ÿ¥„π°≈ÿà¡¢ÕßÀ≈Õ¥·°ä ¥’ ™“√å®§«“¡‡¢â¡ Ÿß (High
Intensity Discharge Lamp : HID) ™π‘¥Õ◊ËπÊ   ·µà
ªí®®ÿ∫—π∫—≈≈“ µå·°π‡À≈Á°∑’Ë„™â‡ªìπ à«πª√–°Õ∫„π«ß®√¡’
¢âÕ‡ ’¬Õ¬ŸàÀ≈“¬ª√–°“√  §◊Õ  ¡’°“√ Ÿ≠‡ ’¬°”≈—ß‰øøÑ“„π
∫—≈≈“ µå Ÿß §à“µ—«ª√–°Õ∫°”≈—ßµË” ¡’¢π“¥„À≠à·≈–πÈ”Àπ—°
¡“°  ‡π◊ËÕß®“°„πªí®®ÿ∫—π¡’°“√„Àâ§«“¡ ”§—≠„π‡√◊ËÕß°“√
ª√–À¬—¥æ≈—ßß“π·≈–°“√„™âæ≈—ßß“πÕ¬à“ß§ÿâ¡§à“∑’Ë ‡ªìπ
‡ªÑ“À¡“¬ ”§—≠√–¥—∫ª√–‡∑»  °“√«‘®—¬·≈–æ—≤π“∫—≈≈“ µå
Õ‘‡≈Á°∑√Õπ‘° å®÷ß‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√·°â‰¢ªí≠À“¥—ß°≈à“«
 ”À√—∫À≈Õ¥‡¡∑—≈Œ“‰≈¥åπ—Èπ°Á¡’°“√æ—≤π“∫—≈≈“ µåÕ‘‡≈Á°-
∑√Õπ‘° å¢÷Èπ¡“„™âß“π‡™àπ°—π  ‚¥¬ “¡“√∂·∫àß°≈ÿà¡µ“¡
¢π“¥¢ÕßÀ≈Õ¥ÕÕ°‡ªìπ 3 °≈ÿà¡ §◊Õ °≈ÿà¡°”≈—ß‰øøÑ“µË”∑’Ë¡’
¢π“¥°”≈—ß‰øøÑ“‰¡à‡°‘π 175 «—µµå  °≈ÿà¡°”≈—ß‰øøÑ“ª“π
°≈“ß∑’Ë¡’¢π“¥°”≈—ß‰øøÑ“ 175-400 «—µµå  ·≈–°≈ÿà¡°”≈—ß
‰øøÑ“ Ÿß∑’Ë¡’¢π“¥°”≈—ß‰øøÑ“ Ÿß°«à“ 400 «—µµå   ªí®®ÿ∫—π
À≈Õ¥‡¡∑—≈Œ“‰≈¥å¢π“¥°”≈—ß‰øøÑ“ª“π°≈“ß¡’§«“¡π‘¬¡„™â
°—π¡“°„πÀâ“ß √√æ ‘π§â“  π“¡°’Ã“ ·≈–ªÑ“¬‚¶…≥“ ‚¥¬
‡√‘Ë¡·√°¡’°“√æ—≤π“«ß®√·∫∫ Õß¿“§ (Chi-Hwan, 2002;
Seung and Chi-Hwan, 2001) (Two stage) §◊Õ ¿“§
·√°‡ªìπ à«π¢Õß°“√·°â‰¢§à“µ—«ª√–°Õ∫°”≈—ß ¿“§∑’Ë Õß
‡ªìπ à«π¢Õß∫—≈≈“ µå´÷Ëß∑”Àπâ“∑’Ë®”°—¥°√–·  ·≈–§«∫§ÿ¡
·√ß¥—π‰øøÑ“„Àâ‡À¡“– ¡°—∫À≈Õ¥ ́ ÷Ëß∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å
·∫∫ Õß¿“§¡’§«“¡ßà“¬µàÕ°“√ÕÕ°·∫∫·≈–°“√§«∫§ÿ¡°“√

∑”ß“π  ·µà®–µâÕß„™âÕÿª°√≥å„π«ß®√‡ªìπ®”π«π¡“°  ´÷Ëß àß
º≈„Àâ¡’¢π“¥„À≠à·≈–πÈ”Àπ—°¡“°  √«¡∑—Èßµâπ∑ÿπ„π°“√º≈‘µ
 Ÿß  ¥—ßπ—Èπß“π«‘®—¬π’È®÷ßπ”‡ πÕ°“√æ—≤π“∫—≈≈“ µåÕ‘‡≈Á°-
∑√Õπ‘° å ”À√—∫À≈Õ¥‡¡∑—≈Œ“‰≈¥å¢π“¥°”≈—ß‰øøÑ“ª“π°≈“ß
¢÷Èπ¡“  ‚¥¬∑”°“√«‘®—¬·≈–æ—≤π“µàÕ„Àâ‡ªìπ∫—≈≈“ µåÕ‘‡≈Á°-
∑√Õπ‘° å·∫∫¿“§‡¥’Ë¬« (Hung et al., 2005; Laskai et
al., 1994)  (Single stage)  ´÷Ëß√«¡ à«π∑’Ëª√—∫ª√ÿß§à“µ—«
ª√–°Õ∫°”≈—ß°—∫ à«π¢Õß∫—≈≈“ µå„Àâ∑”ß“π√à«¡°—π ∑”„Àâ
 “¡“√∂≈¥®”π«πÕÿª°√≥å≈ß‰¥â

1. À≈Õ¥‡¡∑—≈Œ“‰≈¥å

‚¥¬∑—Ë«‰ª‚§√ß √â“ß¢ÕßÀ≈Õ¥‡¡∑—≈Œ“‰≈¥å®–‡ªìπ
À≈Õ¥·°â« Õß™—Èπ ‚¥¬™—Èπ„π ÿ¥¢ÕßÀ≈Õ¥·°â«®–‡ªìπÀ≈Õ¥
Õ“√å§  “¡“√∂· ¥ß√“¬‡Õ’¬¥‰¥â¥—ß Figure 1 ≈—°…≥–∑—Ë«‰ª
¢ÕßÀ≈Õ¥‡¡∑—≈Œ“‰≈¥å§≈â“¬°—∫À≈Õ¥‰Õª√Õ∑ ́ ÷ËßÀ≈Õ¥Õ“√å§

Figure 1.  Metal Halide Lamp
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(Arc Tube) ∑”¥â«¬´‘≈‘°â“‡À≈«·µà¡’¢π“¥‡≈Á°°«à“  À≈Õ¥
Õ“√å§¢ÕßÀ≈Õ¥‡¡∑—≈Œ“‰≈¥å¿“¬„π®–∫√√®ÿ¢—È«‰øøÑ“ (Elec-
trode) ∑’Ë∑”¥â«¬∑—ß ‡µπ≈â«πÊ  ‰¡àπ‘¬¡‡§≈◊Õ∫¥â«¬ “√‡√àß
Õ‘‡≈Á°µ√Õπ ‡π◊ËÕß®“° “√π’È®–∂Ÿ°∑”≈“¬‡¡◊ËÕ√«¡°—∫Œ“‚≈‡®π
¿“¬„π°√–‡ª“–‡Õß¡’°“√‡µ‘¡ “√µ√–°Ÿ≈Œ“‰≈¥å (Halide) ≈ß
‰ª ‰¥â·°à Dysprosium, Thallium, Sodium, Scandium
∑’ËπÕ°‡Àπ◊Õ‰ª®“° Argon, Neon, Krypton, Sodium
·≈–À¬¥ª√Õ∑  “√Œ“‰≈¥å∑’Ë‡µ‘¡‡¢â“‰ª∑”„Àâ‰¥â√—∫ª√‘¡“≥· ß
‡æ‘Ë¡¢÷Èπ‡°◊Õ∫‡∑à“µ—«‡¡◊ËÕ‡∑’¬∫°—∫À≈Õ¥‰Õª√Õ∑ ·≈–¡’· ß ’
 ¡¥ÿ≈¢÷Èπ®π¥Ÿ„°≈â‡§’¬ß· ßÕ“∑‘µ¬å ¥—ßπ—Èπ°√–‡ª“–·°â«®÷ß‰¡à
®”‡ªìπµâÕß‡§≈◊Õ∫ “√øÕ ‡øÕ√å (phosphor) ·µàÕ“®‡§≈◊Õ∫
‡æ◊ËÕ„Àâ‰¥â· ß ’πÿà¡π«≈¢÷Èπ‡∑à“π—Èπ   ∂“π∑’Ë∑’Ëπ‘¬¡„™âÀ≈Õ¥
‡¡∑—≈Œ“‰≈¥å  ‰¥â·°à  °“√„™â„π π“¡°’Ã“  °“√∂à“¬∑Õ¥∑“ß
‚∑√∑—»πå   «π “∏“√≥–  ‰ø “¥Õ“§“√  ‰øªÑ“¬‚¶…≥“
‡ªìπµâπ  °“√µ‘¥µ—ÈßÀ≈Õ¥µâÕß‡ªìπ‰ªµ“¡∑’ËºŸâº≈‘µ°”Àπ¥„π
‡√◊ËÕß¢Õßµ”·Àπàß°“√µ‘¥µ—Èß·≈–¡ÿ¡¢Õß°“√®ÿ¥‰ âÀ≈Õ¥ ‡æ◊ËÕ
„Àâ‰¥âª√‘¡“≥· ß∑’Ë∂Ÿ°µâÕß ·≈–¡’Õ“¬ÿ°“√„™âß“π∑’Ë¬“«π“π

1.1 À≈—°°“√∑”ß“π

À≈Õ¥‡¡∑—≈Œ“‰≈¥å¡’À≈—°°“√∑”ß“π‡™àπ‡¥’¬«
°—∫À≈Õ¥‰Õª√Õ∑‡æ’¬ß·µàµâÕßÕ“»—¬µ—«Õ‘°‡π‡µÕ√å™à«¬„π°“√
®ÿ¥À≈Õ¥ ‚¥¬‰ª°√–µÿâπ„Àâ “√‰Õ‚Õ‰¥´å (Iodide) °≈“¬‡ªìπ
‰Õ´÷Ëß¡’§ÿ≥ ¡∫—µ‘‡ª≈àß· ßÕÕ°¡“‰¥âÀ≈“¬™à«ß§«“¡¬“«§≈◊Ëπ
 “¬µ“‡√“®÷ß “¡“√∂¡Õß‡ÀÁπ«—µ∂ÿ‰¥â™—¥‡®π  ‚¥¬‰¡à®”‡ªìπ
µâÕß„™â “√øÕ ‡øÕ√å‡¢â“™à«¬  √–¬–‡«≈“∑’Ë„™â„π°“√®ÿ¥·≈–
Õÿàπ‰ âÀ≈Õ¥ª√–¡“≥ 3 π“∑’ ®–µâÕß„™â‡«≈“π“πª√–¡“≥ 4-
6 π“∑’ ‡æ◊ËÕ„Àâ‰¥â· ß «à“ß‡µÁ¡∑’Ë  ‡¡◊ËÕÀ≈Õ¥¥—∫ (√âÕπ) ®–

µâÕß√Õ‡«≈“„π°“√‡√‘Ë¡®ÿ¥„À¡à (restart) ª√–¡“≥ 10-15 π“∑’
‚¥¬√–¬–‡«≈“µà“ßÊ ‡ªìπ‰ªµ“¡¢âÕ°”Àπ¥¢Õß∫√‘…—∑ºŸâº≈‘µ

1.2 °“√°√–®“¬· ß ’ ·≈–æ≈—ßß“π∑“ß ‡ª°µ√—¡

À≈Õ¥‡¡∑—≈Œ“‰≈¥åπ’È„Àâ· ß ’ÕÕ°¡“°√–®“¬
§√Õ∫§≈ÿ¡§«“¡¬“«§≈◊Ëπ∑’Ëµ“‡√“ “¡“√∂¡Õß‡ÀÁπ‰¥â ®÷ß‰¥â
· ß∑’Ë„ °«à“À≈Õ¥·∫∫Õ◊Ëπ ·µà ’Õ“®µà“ß°—π∫â“ß∑—Èßπ’È¢÷ÈπÕ¬Ÿà
°—∫™π‘¥¢ÕßÀ≈Õ¥ ·≈– “√‰Õ‚Õ‰¥´å∑’Ë„™â Figure 2 A, B

1.3 Õ“¬ÿ°“√„™âß“π

À≈Õ¥‡¡∑—≈Œ“‰≈¥å¡’Õ“¬ÿ°“√„™âß“π‡©≈’Ë¬‚¥¬ª°µ‘
ª√–¡“≥ 6,000-15,000 ™—Ë«‚¡ß ∑—Èßπ’È¢÷ÈπÕ¬Ÿà°—∫¢π“¥°”≈—ß
‰øøÑ“¢ÕßÀ≈Õ¥ ·≈–Õÿª°√≥åª√–°Õ∫„π«ß®√ ‚¥¬§‘¥∑’Ë°“√
‡ªî¥„™âß“π 10 ™—Ë«‚¡ß/§√—Èß°“√„™âß“π ‚¥¬¡’¢âÕ·π–π”„π°“√
„™âß“π ¥—ßπ’È

- π‘¬¡„™â·∑πÀ≈Õ¥ø≈ŸÕÕ‡√ ‡´πµå°√≥’∑’Ë„™â
°—∫‡æ¥“π Ÿß

- ‡À¡“– ”À√—∫‚√ßß“πÕÿµ “À°√√¡∑—Ë«‰ª · ß
 «à“ß„π π“¡°’Ã“  ∫√‘‡«≥∑’ËµâÕß°“√§«“¡∂Ÿ°µâÕß¢Õß ’  ‡™àπ
Àâ“ß √√æ ‘π§â“ ªÑ“¬‚¶…≥“ ‡ªìπµâπ

- ‰¡à‡À¡“–°—∫æ◊Èπ∑’Ë∑’ËµâÕß°“√· ß «à“ß∑’Ë®ÿ¥µ‘¥
·∫∫∑—π∑’∑—π„¥

1.4 «ß®√°“√∑”ß“π

‚¥¬∑—Ë«‰ª¢ÕßÀ≈Õ¥‡¡∑—≈Œ“‰≈¥å∑’Ë„™â∫—≈≈“ µå
·°π‡À≈Á°®–¡’«ß®√°“√∑”ß“π¥—ß· ¥ß„π Figure 3 A) ´÷Ëß
¡’µ—«‡°Á∫ª√–®ÿ (C) ‡ªìπµ—«ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫°”≈—ß„Àâ
°—∫«ß®√  ·≈–¡’Õ‘°‡π‡µÕ√å ”À√—∫ √â“ßæ—≈ å·√ß¥—π Ÿß‡æ◊ËÕ
™à«¬„π°“√®ÿ¥À≈Õ¥ ‚¥¬§ÿ≥≈—°…≥–¢ÕßÀ≈Õ¥°—∫·√ß¥—π

           A) Spectral Output of Dysprosium & Thallium Iodide            B) Spectral Output of Sodium & Scandium Iodide

Figure 2.  Spectral Output of Metal Halide Lamp Iodide
(Color figure can be viewed in the electronic version)
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‰øøÑ“„πµ—Èß·µà‡√‘Ë¡®ÿ¥À≈Õ¥ “¡“√∂· ¥ß‰¥â¥—ß Figure 3B)
‚¥¬∑’Ë°àÕπ‡«≈“ t

0
 À≈Õ¥¬—ß‰¡à¡’°“√®ÿ¥µ‘¥Õ‘¡æ’·¥π´å¢Õß

À≈Õ¥¡’§à“ Ÿß¡“° ‡¡◊ËÕµâÕß°“√„ÀâÀ≈Õ¥®ÿ¥µ‘¥µâÕß‰øøÑ“·√ß
 ŸßæÕ∑’Ë®–®ÿ¥À≈Õ¥„Àâµ‘¥‰¥â∑’Ë‡«≈“ t

0
  ‡¡◊ËÕÀ≈Õ¥®ÿ¥µ‘¥·≈â«

·√ß¥—π‰øøÑ“∑’ËÀ≈Õ¥®–≈¥≈ßÕ¬à“ß≈«¥‡√Á«∑’Ë‡«≈“ t
1
  §◊Õ

 ¿“«–∑’ËÕ‘¡æ’·¥π ǻ Õÿ≥À¿Ÿ¡‘ ·≈–°”≈—ß‰øøÑ“ ª√“°Ø∑’ËÀ≈Õ¥
¡’§à“µË”¡“° ‡ªìπ™à«ß‡«≈“„π°“√Õÿàπ‰ âÀ≈Õ¥ À≈—ß®“°π—Èπ
À≈Õ¥®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ßÕ¬à“ßµàÕ‡π◊ËÕß·∫∫‰¡à‡ªìπ‡™‘ß
‡ âπ  Õ‘¡æ’·¥π´å·≈–°”≈—ß‰øøÑ“®–‡æ‘Ë¡¢÷Èπ®π∂÷ß‡«≈“  t

2
 ®÷ß

À¬ÿ¥°“√‡ª≈’Ë¬π·ª≈ß ·≈–‡¢â“ Ÿà ¿“«–§ßµ—« (steady state)
∑’Ëæ‘°—¥°”≈—ß‰øøÑ“¢ÕßÀ≈Õ¥

2. ∫—≈≈“ µå

À≈Õ¥‡¡∑—≈Œ“‰≈¥åπ‘¬¡„™â°—∫∫—≈≈“ µå·°π‡À≈Á°‡ªìπ
 à«π¡“°‡π◊ËÕß®“°¡’√“§“∂Ÿ°·≈–¡’ª√– ‘∑∏‘¿“æµË” „πªí®®ÿ∫—π
‰¥â‡πâπ∂÷ß‡√◊ËÕß¢Õß°“√ª√–À¬—¥æ≈—ßß“π¡“°¢÷Èπ ·≈–§«“¡
π‘¬¡¢Õß°“√„™â∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å (Cao and Hui,
2004; Dongyan et al., 2004; Fellows, 2003; Harry
and Hoare, 2000; Mohan et al., 2003) °Á‡√‘Ë¡¡’¡“°¢÷Èπ

®÷ß‰¥â¡’°“√«‘®—¬·≈–æ—≤π“∫—≈≈“ µ‘Õ‘‡≈Á°∑√Õπ‘° å ”À√—∫
À≈Õ¥‡¡∑—≈Œ“‰≈¥å¢÷Èπ¡“®”Àπà“¬„π∑âÕßµ≈“¥ ´÷Ëß “¡“√∂
·∫àß∫—≈≈“ µ‘Õ‘‡≈Á°∑√Õπ‘° åµ“¡≈—°…≥–°“√∑”ß“π‰¥â 2
≈—°…≥–§◊Õ ·∫∫¿“§‡¥’Ë¬« (Hung et al., 2005; Laskai
et al., 1994) (Single stage)  ·≈–·∫∫ Õß¿“§ (Chi-
Hwan, 2002; Seung and Chi-Hwan, 2001) (Two
stage)

∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å∑’Ë¬à“π§«“¡∂’ËµË”®–¡’ —≠≠“≥
¥â“πÕÕ°‡ªìπ√Ÿª§≈◊Ëπ ’Ë‡À≈’Ë¬¡ (Square wave) ¬à“π§«“¡∂’Ë
µË”  ‚¥¬∑’Ë¬à“π§«“¡∂’Ëπ’È®–‰¡à‡°‘¥ªí≠À“‡√◊ËÕßÕ–§Ÿ µ‘§‡√‚´-
·ππ´å (Park and Jong, 2001) (Acoustic resonance)
∑’Ë®–∑”„ÀâÀ≈Õ¥‡ ’¬À“¬  ·µà∫—≈≈“ µå®–¡’¢π“¥„À≠à·≈–
πÈ”Àπ—°¡“° ∂â“‡ªìπ∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å„π¬à“π§«“¡∂’Ë Ÿß
®–¡’ —≠≠“≥¥â“πÕÕ°‡ªìπ√Ÿª§≈◊Ëπ‰´πå (Sine wave) ‚¥¬∑’Ë
¬à“π§«“¡∂’Ë Ÿßπ’È®–‡°‘¥ªí≠À“‡√◊ËÕß¢ÕßÕ–§Ÿ µ‘§‡√‚´·ππ´å
°—∫À≈Õ¥Õ“√å§´÷Ëß®”‡ªìπµâÕßÀ≈’°‡≈’Ë¬ß ·µà¢âÕ¥’§◊Õ∫—≈≈“ µå∑’Ë
¬à“π§«“¡∂’Ë Ÿß®–¡’¢π“¥‡≈Á°·≈–πÈ”Àπ—°‡∫“   ”À√—∫¬à“π
§«“¡∂’Ë Ÿß¡“°Ê ®–‰¡à¡’ªí≠À“‡√◊ËÕß¢ÕßÕ–§Ÿ µ‘§‡√‚´·ππ´å
·µà®–¡’ªí≠À“¢Õß°“√ Ÿ≠‡ ’¬„π¢≥– «‘µ ǻ Ÿß ·≈–®–‡°‘¥
 —≠≠“≥Œ“√å¡Õπ‘° å√∫°«π‰¥â¡“°

2.1 Õ–§Ÿ µ‘§‡√‚´·ππ´å

°“√∑”ß“π¢ÕßÀ≈Õ¥ª√–‡¿∑π’È°—∫∫—≈≈“ µå
Õ‘‡≈Á°∑√Õπ‘° å®–‡°‘¥ªí≠À“„π¢≥–∑’ËÀ≈Õ¥∑”ß“π ‡π◊ËÕß®“°
∑’Ë§«“¡∂’Ë Ÿß∑”„Àâ‡°‘¥Õ–§Ÿ µ‘§‡√‚´·ππ´å (Acoustic Reso-
nances) Figure 4 ‚¥¬®–¡’º≈‡ ’¬À“¬‡°‘¥¢÷Èπ°—∫À≈Õ¥
Õ“√å§  ·≈– “¡“√∂∑’Ë®–À“§à“§«“¡∂’ËÕ–§Ÿ µ‘§‡√‚´·ππ´å
(Park and Jong, 2001) ‰¥â®“° ¡°“√æ◊Èπ∞“π Table 1

2.2 Õß§åª√–°Õ∫¢Õß∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å

 à«πª√–°Õ∫¢Õß«ß®√∫—≈≈“ µå·°π‡À≈Á°
 ”À√—∫À≈Õ¥‡¡∑—≈Œ“‰≈¥å∑’Ë„™âÕ¬Ÿà„πªí®®ÿ∫—ππ’È  “¡“√∂·∫àß
 à«πª√–°Õ∫ÕÕ°‡ªìπ à«πµà“ßÊ ‰¥â ¥—ß· ¥ß„π Figure 5

B)  Characteristic of Lamp Voltage

Figure 3.  Metal Halide Lamp Circuit

A)  Circuit of Iron core Ballast and Ignitor

Figure 4.  Acoustic Resonances Zone
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‡æ◊ËÕ§«“¡ –¥«°„π°“√æ‘®“√≥“√“¬≈–‡Õ’¬¥¢Õß°“√∑”ß“π
·µà≈–¿“§ ·≈–‡ªìπµâπ·∫∫¢Õß·π«§«“¡§‘¥µàÕ‰ª

®“°·π«§«“¡§‘¥¢ÕßÕß§åª√–°Õ∫®“° Figure 5 π”
¡“æ‘®“√≥“°“√∑”ß“π¢Õß«ß®√Õ‘‡≈Á°∑√Õπ‘° åµà“ßÊ ‡æ◊ËÕπ”
¡“ª√–¬ÿ°µå„™â„Àâ‡À¡“– ¡°—∫≈—°…≥–°“√∑”ß“π¢Õß«ß®√
∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å  ‚¥¬·∫àß°“√æ‘®“√≥“ÕÕ°‡ªìπ 2
≈—°…≥–§◊Õ ∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å Õß¿“§ (Two Stage
Electronic Ballast) ¥—ß· ¥ß„π Figure 6 ‚¥¬ à«π¢Õß
°“√ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫°”≈—ß®–·¬°ÕÕ°®“° à«π¢Õß°“√
®à“¬‚À≈¥Õ¬à“ß™—¥‡®π   ”À√—∫≈—°…≥–¢Õß∫—≈≈“ µåÕ‘‡≈Á°-
∑√Õπ‘° å·∫∫¿“§‡¥’Ë¬« (Single Stage Electronic Ballast)
¥—ß· ¥ß„π Figure 7  à«π¢Õß°“√ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫
°”≈—ß®–√«¡Õ¬Ÿà¥â«¬°—π°—∫ à«π¢Õß°“√®à“¬‚À≈¥

1. ∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å¿“§‡¥’Ë¬«

∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å·∫∫¿“§‡¥’Ë¬« ”À√—∫
À≈Õ¥‡¡∑—≈Œ“‰≈¥å¢π“¥ 400 «—µµå ∑’Ëπ”‡ πÕ„π∫∑§«“¡π’È
«ß®√À≈—°∑’Ëπ”¡“„™â„π°“√æ‘®“√≥“ÕÕ°·∫∫§◊Õ«ß®√ª√—∫ª√ÿß
§à“µ—«ª√–°Õ∫°”≈—ß ®–∑”Àπâ“∑’Ë„π°“√ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫
°”≈—ß¢Õß«ß®√ ·≈–«ß®√‡√‚´·ππ´åÕ‘π‡«Õ√å‡µÕ√å·∫∫°÷Ëß
∫√‘¥®å∑”Àπâ“∑’Ë‡ªìπ«ß®√∫—≈≈“ µå ‚¥¬∑”Àπâ“∑’Ë„π°“√®à“¬
æ≈—ßß“π„Àâ°—∫À≈Õ¥  °“√ÕÕ°·∫∫«ß®√µâπ·∫∫„Àâ„™â°—∫
À≈Õ¥‡¡∑—≈Œ“‰≈¥å¬’ËÀâÕøî≈‘ª å √ÿàπ HPI-T Plus ¢π“¥ 400
«—µµå∫πæ◊Èπ∞“π°“√∑”ß“π∑’Ë¡’§à“µ—«ª√–°Õ∫°”≈—ß Ÿß Õÿª°√≥å
 «‘µ´å∑”ß“π„π‚À¡¥·√ß¥—π»Ÿπ¬å (ZVS) ‚¥¬¡’√“¬≈–‡Õ’¬¥
°“√∑”ß“π¥—ßµàÕ‰ªπ’È

«ß®√µâπ·∫∫∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å¿“§‡¥’Ë¬«∑’Ë
π”‡ πÕ„π Figure 8   à«π·√°®–‡ªìπ à«π¢Õß«ß®√°√Õß
 —≠≠“≥¥â“π‡¢â“ (EMI Filter) ¡’«ß®√‡√’¬ß°√–· ·∫∫
∫√‘¥®å‡æ◊ËÕ‡ª≈’Ë¬π‰øøÑ“°√–·  ≈—∫„Àâ‡ªìπ‰øøÑ“°√–· µ√ß
 ”À√—∫®à“¬„Àâ°—∫«ß®√   à«π¢Õß°“√ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫
°”≈—ß ·≈–«ß®√‡√‚´·ππ´åÕ‘π‡«Õ√å‡µÕ√å·∫∫°÷Ëß∫√‘¥®å®–

Table 1. Acoustic Resonance Frequency of Metal
Halide Lamp

Basic Acoustic Resonance Frequency

Basic Longitudinal fl = C

2L

Basic Radial Frequency fr = 3.83C

2π R

Basic Azimuthally Frequency fa = 1.84C

2π R

* ‡¡◊ËÕ C §◊Õ Velocity in Bulb, L §◊Õ Arc Tube Length ·≈–

R §◊Õ Cylindrical Bulb High

Figure 5.  Block Diagram of Iron core Ballast

Figure 6. Block Diagram of Two Stage Electronic
Ballast

Figure 7. Block Diagram of Single Stage Elec-
tronic Ballast

Figure 8.  Single-Stage Electronic Ballast Prototype
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High power factor single-stage electronic ballast

Sridech, C., et al.

∑”ß“π√à«¡°—π‚¥¬¡’Õÿª°√≥å «‘µ´å M
1
 ·≈– M

2
 ‡ªìπ à«π∑’Ë

‡™◊ËÕ¡µàÕ¢Õß∑—Èß Õß«ß®√  ‚¥¬ à«π¢Õß°“√ª√—∫ª√ÿß§à“µ—«
ª√–°Õ∫°”≈—ß   Õÿª°√≥å «‘µ´å M

1
 ®–∑”ß“π√à«¡°—∫µ—«

‡Àπ’Ë¬«π” L
B1
 ·≈–Õÿª°√≥å «‘µ´å M

2
 ®–∑”ß“π√à«¡°—∫µ—«

‡Àπ’Ë¬«π”  L
B2
  ‡æ◊ËÕ∑”Àπâ“∑’Ë„π°“√®à“¬°√–· ‰øøÑ“„Àâ¡’

§«“¡µàÕ‡π◊ËÕß‡æ◊ËÕ°“√ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫°”≈—ß „π¢≥–
‡¥’¬«°—πÕÿª°√≥å «‘µ´å M

1
 ·≈– M

2
 °Á®–®à“¬æ≈—ßß“π„Àâ°—∫

À≈Õ¥‚¥¬°“√‡ª≈’Ë¬π·À≈àß®à“¬·√ß¥—π‰øµ√ß‡ªìπ√Ÿª§≈◊Ëπ
 ’Ë‡À≈’Ë¬¡ ®à“¬„Àâ°—∫«ß®√‡√‚´·ππ´å ∑”„Àâ°√–· ∑’ËÀ≈Õ¥¡’
 —≠≠“≥„°≈â‡§’¬ß√Ÿª§≈◊Ëπ‰´πå∑’Ë¡’§«“¡∂’Ë Ÿß ‚¥¬°“√ «‘µ´å
§√—Èß·√° à«π¢Õß«ß®√‡√‚´·ππ´å®–°”‡π‘¥ —≠≠“≥·√ß¥—π
 Ÿß (High Voltage) ‡æ◊ËÕ°“√®ÿ¥À≈Õ¥¥â«¬ ‚¥¬°“√∑”ß“π
¢ÕßÕÿª°√≥å «‘µ´å®–∑”ß“π„π≈—°…≥–¢Õß «‘µ´å·√ß¥—π»Ÿπ¬å
(ZVS)  à«π¢Õß«ß®√¢—∫π” «‘µ ǻ®–∑”Àπâ“∑’Ë°”‡π‘¥ —≠≠“≥
¢—∫∑’Ë§«“¡∂’Ë Ÿß∑’Ë¡’¢π“¥‡À¡“– ¡ ‚¥¬∑’Ë —≠≠“≥¥â“πÕÕ°∑’Ë
À≈Õ¥®–¡’√Ÿª —≠≠“≥‡ªìπ√Ÿª§≈◊Ëπ‰´πå

°“√∑”ß“π¢Õß«ß®√

∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å¿“§‡¥’Ë¬«‡§√◊ËÕßµâπ·∫∫∑’Ëπ”
‡ πÕπ’È ‰¥â√—∫°“√ÕÕ°·∫∫ ”À√—∫√–∫∫‰øøÑ“¥â“π‡¢â“‡ªìπ

·√ß¥—π 220 ‚«≈µå §«“¡∂’Ë 50 ‡Œ‘√µ´å ¥â“πÕÕ°‡ªìπÀ≈Õ¥
‡¡∑—≈Œ“‰≈¥å¬’ËÀâÕøî≈‘ª å √ÿàπ HPI-T Plus ∑’Ëæ‘°—¥°”≈—ß‰øøÑ“
400 «—µµå ®“°«ß®√µâπ·∫∫∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° åÕÕ°·∫∫
∑’Ë 55 °‘‚≈‡Œ‘√µ´å  ·≈–«—Æ®—°√°“√∑”ß“π∑’Ë 50 ‡ªÕ√å‡´Áπµå
®–‡ÀÁπ«à“ à«π¢Õß«ß®√ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫°”≈—ß¡’≈—°…≥–
°“√∑”ß“π¥—ß· ¥ß„π Figure 9 ·≈– à«π¢Õß«ß®√Õ‘π‡«Õ√å
‡µÕ√å¥—ß· ¥ß„π Figure 11 ´÷Ëß«ß®√∑—Èß 2  à«ππ’È¡’Õÿª°√≥å
∑’Ë∑”ß“π√à«¡°—π§◊Õ Õÿª°√≥å «‘µ´åµ—«∑’Ë 1(M

1
) Õÿª°√≥å «‘µ´å

µ—«∑’Ë 2(M
2
)

 à«π°“√ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫°”≈—ß

≈—°…≥–°“√ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫°”≈—ß “¡“√∂
· ¥ß„π Figure 9 ·≈– 10 ®–·∫àß°“√∑”ß“πÕÕ°‡ªìπ 2
™à«ß §◊Õ™à«ß·√°‡ªìπ°“√∑”ß“π¢Õß L

B1
 °—∫ M

1
 ·≈–™à«ß∑’Ë

2 ‡ªìπ°“√∑”ß“π¢Õß L
B2
 °—∫ M

2
 ‚¥¬∑’Ë·À≈àß®à“¬¡’°“√

·∫àß·√ß¥—π‰øøÑ“ÕÕ°‡ªìπ 2  à«π (Vin/2) ¥â«¬ C
X1
 °—∫

C
X2

- ∑’Ë‡«≈“  t
0
 - t

1
 (Figure 9 A))

 «‘µ´å M
1
 ∑”ß“π ·≈– M

2
 À¬ÿ¥∑”ß“π °√–· 

„π L
B2
 ‡√‘Ë¡°“√¥‘ ™“√å®ºà“π∑“ß D

M1
 ¢≥–‡¥’¬«°—π°√–· 

Figure 9.  The Characteristic of Circuit Operating
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∑’Ë – ¡„π L
B1
 ‡√‘Ë¡∑”°“√™“√å®‚¥¬§ÿ≥≈—°…≥–¢Õß°“√∫Ÿµ™å

ºà“π D
B1

- ∑’Ë‡«≈“  t
1
 - t

2
 (Figure 9 B))

 «‘µ´å M
1
 ∑”ß“π ·≈– M

2
 À¬ÿ¥∑”ß“π‡™àπ‡¥‘¡

·µà°√–· ¢Õß L
B2
 ™“√å®À¡¥·≈â«  ·µà°√–·  L

B1
 ¬—ß§ß

™“√å®Õ¬Ÿà‡æ◊ËÕ – ¡æ≈—ßß“π
- ∑’Ë‡«≈“  t

2
 - t

3
 (Figure 9 C))

 «‘µ´å M
2
 ∑”ß“π ·≈– M

1
 À¬ÿ¥∑”ß“π °√–· 

„π L
B1
 ‡√‘Ë¡°“√¥‘ ™“√å®ºà“π∑“ß D

M2
 ¢≥–‡¥’¬«°—π°√–· 

∑’Ë – ¡„π L
B2
 ‡√‘Ë¡∑”°“√™“√å®‚¥¬§ÿ≥≈—°…≥–¢Õß°“√∫Ÿµ™å

ºà“π D
B2

- ∑’Ë‡«≈“  t
3
 - t

4
 (Figure 9 D))

 «‘µ´å M
2
 ∑”ß“π ·≈– M

1
 À¬ÿ¥∑”ß“π‡™àπ‡¥‘¡

·µà°√–· ¢Õß L
B1
 ™“√å®À¡¥·≈â« ·µà°√–·  L

B2
 ¬—ß§ß

™“√å®Õ¬Ÿà‡æ◊ËÕ – ¡æ≈—ßß“π®πÀ¡¥§“∫‡«≈“ ®÷ß‡√‘Ë¡∑”ß“π∑’Ë
t
0
 „À¡à

3.  à«π¢Õß«ß®√∫—≈≈“ µå

®“° Figure 11 A  ‡ªìπ«ß®√ LCC ‡√‚´·ππ´å
Õ‘π‡«Õ√å‡µÕ√å·∫∫°÷Ëß∫√‘¥®å∑’Ë∑”Àπâ“∑’Ë‡ªìπ«ß®√∫—≈≈“ µå
ª√–°Õ∫¥â«¬ L

r
 C

r
 °—∫ C ´÷Ëß®–∑”ß“π —¡æ—π∏å°—∫ «‘µ´å

µ—«∑’Ë 1 (M
1
) ·≈– «‘µ´åµ—«∑’Ë 2 (M

2
) µ“¡≈”¥—∫ (Mohan

et al., 2003)  «ß®√Õ‘π‡«Õ√å‡µÕ√å‡√‚´·ππ´åÕπÿ°√¡·∫∫
·¬°µ—«‡°Á∫ª√–®ÿπ’È ¥—¥·ª≈ß¡“®“°Õ‘π‡«Õ√å‡µÕ√å‡√‚´·ππ´å
·∫∫Õπÿ°√¡‚¥¬°“√·∫àßµ—«‡°Á∫ª√–®ÿ‡ªìπ 2 µ—« ·≈–∑”°“√
µàÕ‚À≈¥§«“¡µâ“π∑“π¢π“π°—∫µ—«‡°Á∫ª√–®ÿµ—«Àπ÷Ëß ´÷Ëß∫“ß
§√—Èß‡√“‡√’¬°«ß®√™π‘¥π’È«à“  «ß®√  LCC  ‡√‚´·ππ´å  ¥—ß
Figure 11 B, C „π∑’Ëπ’È„™â§à“§«“¡µâ“π∑“π·∑πÀ≈Õ¥
‡π◊ËÕß®“°„π ¿“«–§ßµ—«¢Õß°“√∑”ß“π (Steady state)
À≈Õ¥®–‡ª√’¬∫‡ ¡◊Õπ°—∫§à“§«“¡µâ“π∑“ππ—Ëπ‡Õß „π«ß®√
·∫∫°÷Ëß∫√‘¥®å®–„™âµ—«‡°Á∫ª√–®ÿ§à“„À≠à‡ªìπµ—«·∫àß·√ß¥—π
·≈–æ‘®“√≥“ C √à«¡°—π°—∫ C

r
 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫«ß®√

 ¡¡Ÿ≈¬å¢Õß«ß®√‡√‚´·ππ´åÕπÿ°√¡ Figure 11 D ®–‡ÀÁπ
«à“¡’§«“¡§≈â“¬§≈÷ß°—π ‡æ’¬ß·µà§«“¡µâ“π∑“π‚À≈¥µàÕ¢π“π
°—∫ C

r
 ·∑π∑’Ë®–µàÕÕπÿ°√¡   °“√µàÕ§«“¡µâ“π∑“π‚À≈¥

‡™àππ’È®–√—°…“¢âÕ¥’¢Õß«ß®√‡√‚´·ππ´åÕπÿ°√¡§◊Õ “¡“√∂≈—¥
«ß®√‚À≈¥‰¥â‚¥¬¡’°“√®”°—¥°√–·  ·µà°Á¬—ß “¡“√∂§«∫§ÿ¡
·√ß¥—π¥â“πÕÕ°‰¥â‡¡◊ËÕ‚À≈¥‡ªî¥«ß®√
°“√À“§à“æ“√“¡‘‡µÕ√å¢Õß«ß®√

°“√À“§à“æ“√“¡‘‡µÕ√å„π«ß®√¡’ Õß à«π§◊Õ  à«π¢Õß
°“√ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫°”≈—ß ·≈– à«π¢Õß«ß®√∫—≈≈“ µå
 “¡“√∂æ‘®“√≥“‰¥â¥—ßπ’È

1.  à«π°“√ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫°”≈—ß

 à«π¢Õß°“√ª√—∫ª√ÿß§à“µ—«ª√–°Õ∫°”≈—ßπ’È æ‘®“√≥“
®“° Figure 9 ·≈– 10  “¡“√∂À“§à“°√–· ‰¥â¥—ßπ’È

Ip =

1
2

Vin

LB

× 1
2

× Ts
(1)

τ  §◊Õ ™à«ß‡«≈“„π°“√¥‘ ™“√å®

τ = Vin

2(2VB − Vin )
Ts (2)

α =
Vp

2VB
(3)

Figure 10. Power Factor Correction Operating
Time
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Figure 11.  LCC Resonant half bridge Inverter

y = − 2
α

− π
α 2

+ 2

α 2 1−α 2

π
2

− tan−1 −α
1−α 2

















(4)

®“° ¡°“√∑’Ë«à“ Po = η.Pin π—Èπ Po · ¥ßª√– ‘∑∏‘¿“æ
¢Õß°“√∑”ß“π  ‡√“®– “¡“√∂À“§à“¢Õß¢¥≈«¥‰¥â¥—ß ¡°“√
∑’Ë (5)

LB = η.y.Ts

16π.Po

×Vp
2

(5)

2.  à«π¢Õß«ß®√∫—≈≈“ µå

 ¡¡ÿµ‘«à“§à“ Q ¢Õß«ß®√¡’§à“ Ÿß ‡√“ “¡“√∂«‘‡§√“–Àå
§à“µà“ßÊ ‰¥â¥—ßπ’È

ωr = 1
LrCT

(6)

‡¡◊ËÕ ωr = 2π f r

π—Ëπ§◊Õ f
r
 §◊Õ §à“∑’Ë§«“¡∂’Ë‡√‚´·ππ´å ·≈– C

T
 §◊Õ §à“§“ª“√å-

´‘‡µÕ√å ¡¡Ÿ≈¬å ®–‰¥â

CT = C.Cr

C + Cr
(7)

f r = 1
2π LrCT

(8)

∑’Ë ω
0 
= ω

r
 °√–·  I

S
 ‰À≈ºà“π µ“¡ Figure 11 C) ®–¡’

§à“ Ÿß ÿ¥ · ¥ß„π ¡°“√∑’Ë (9)

Ia(max) = 2VS RCr
2ω0

2

π
(9)

·≈–·√ß¥—π§√àÕ¡‚À≈¥∑’Ë¡’§à“ Ÿß ÿ¥ · ¥ß„π ¡°“√∑’Ë (10)

VO(max) =
IO(max)

Crω0
(10)

º≈°“√∑¥≈Õß

§≥–ºŸâ«‘®—¬‰¥â∑”°“√ √â“ß·≈–∑¥ Õ∫°“√∑”ß“π¢Õß
∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å¿“§‡¥’Ë¬« ”À√—∫À≈Õ¥‡¡∑—≈Œ“‰≈¥å
400 «—µµå ‚¥¬°“√æ‘®“√≥“√“¬≈–‡Õ’¬¥·≈–°“√«‘‡§√“–Àå∑“ß
∑ƒ…Æ’   “¡“√∂°”Àπ¥§à“Õÿª°√≥å «‘µ´å·≈–æ“√“¡‘‡µÕ√å
µà“ßÊ „π«ß®√°“√∑¥≈Õß∑¥ Õ∫µ“¡ ¡°“√ ¥—ßµàÕ‰ªπ’È
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L
f
=90 µH, L

B1
=L

B2
=100 µH, L

r
=80 µH,

C
f1
-C

f3
=220 nF, C

x1
=C

x2
=0.1 µF, C

M1
=C

M2
=1.5nF,

C
r
=100 nF, C

1
=C

2
=660 µF, M

1
=M

2
=IRFP460,

D
1
-D

4
=MUR1560, D

B1
,D

B2
=MUR1560,

 “¡“√∂· ¥ßº≈°“√∑¥≈Õß‚¥¬ÕÕ ´‘≈‚≈ ‚§ª ¬’ËÀâÕ
Yokogawa √ÿàπ DL1620  «—¥√Ÿª —≠≠“≥·√ß¥—π‰øøÑ“
(CH1) °√–· ‰øøÑ“ (CH2) ·≈–°”≈—ß‰øøÑ“ (M1) ‡π◊ËÕß®“°
 —≠≠“≥·√ß¥—π‰øøÑ“¡’·√ß¥—π‰øøÑ“ Ÿß„π∫“ß™à«ß ‡æ◊ËÕ§«“¡
ª≈Õ¥¿—¬®÷ßµâÕß«—¥¥â«¬ Differential Probe ·¬°°√“«¥å
¡’Õ—µ√“ à«π‡ªìπ 1:2  “¡“√∂· ¥ßº≈°“√∑¥≈Õß·≈–∑¥ Õ∫
‰¥â¥—ß Figure 12-16 ·≈–∑”°“√«‘‡§√“–Àå§ÿ≥¿“æ°”≈—ß
‰øøÑ“¥â«¬‡§√◊ËÕß«—¥«‘‡§√“–Àå§ÿ≥¿“æ°”≈—ß‰øøÑ“ ¬’ËÀâÕ FLUKE
√ÿàπ 43B ¥—ß Figure 17 ·≈– 18

®“° Figure 12
¢π“¥·√ß¥—π‰øøÑ“®ÿ¥À≈Õ¥¡’§à“
= 310.417 x 2 = 620.834 ‚«≈µå

®“° Figure 13
§à“·√ß¥—π‰øøÑ“¥â“π‡¢â“¡’§à“
= 110.148 x 2 = 220.296 ‚«≈µå
°”≈—ß‰øøÑ“¥â“π‡¢â“¡’§à“
= 257.47 x 2 = 514.94 «—µµå

®“° Figure 14

§à“·√ß¥—π‰øøÑ“¥â“πÕÕ°¡’§à“
= 63.563 x 2 = 127.126 ‚«≈µå
°”≈—ß‰øøÑ“¥â“πÕÕ°¡’§à“
= 200.27 x 2 = 400.54 «—µµå

®“° Figure 16
§à“ Current crest factor ∑’ËÀ≈Õ¥¡’§à“

= 
Imax

Irms

= 4.75
3.17 = 1.498

Table 2 · ¥ßº≈‡ª√’¬∫‡∑’¬∫º≈°“√∑¥≈Õß¥â“π‡¢â“
(Input) °—∫¥â“πÕÕ° (Output) „™âÕÕ ´‘≈‚≈ ‚§ª‡ªìπµ—«

Figure 12.  High Voltage Ignited Lamp

Figure 13.  Input voltage, current and power

Figure 14.  Output voltage, current and power



Songklanakarin J. Sci. Technol.

Vol. 29 (Suppl.2)  May 2007: Grad. Res. 388

High power factor single-stage electronic ballast

Sridech, C., et al.

Figure 15.  Voltage and Current of Active switch

Figure 16.  Current crest factor

«—¥§à“‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫º≈  ‡π◊ËÕß®“°«à“‡ªìπ‡§√◊ËÕß¡◊Õ«—¥µ—«
‡¥’¬«°—π∑’Ë “¡“√∂«—¥§à“‰¥â∑—Èß§«“¡∂’ËµË” (¥â“π‡¢â“)  ·≈–
§«“¡∂’Ë Ÿß (¥â“πÕÕ°) ´÷Ëßº≈¢Õß‡§√◊ËÕß«—¥«‘‡§√“–Àå§ÿ≥¿“æ
°”≈—ß‰øøÑ“ “¡“√∂«—¥§à“‡©æ“–∑’Ë§à“§«“¡∂’ËµË”‡∑à“π—Èπ

 √ÿªº≈

∫∑§«“¡π’Èπ”‡ πÕ∫—≈≈“ µåÕ‘‡≈Á°∑√Õπ‘° å¿“§‡¥’Ë¬«
 ”À√—∫À≈Õ¥‡¡∑—≈Œ“‰≈¥å ´÷Ëß«ß®√µâπ·∫∫‰¥â∑¥ Õ∫°—∫
À≈Õ¥‡¡∑—≈Œ“‰≈¥å¬’ËÀâÕøî≈‘ª å HPI-T Plus ¢π“¥æ‘°—¥
°”≈—ß‰øøÑ“ 400 «—µµå ®“°º≈°“√∑¥≈Õß Figure 12-18
·≈– Table 2 ®–‡ÀÁπ‰¥â«à“«ß®√µâπ·∫∫∑’Ëπ”‡ πÕπ’È‰¥â§à“µ—«
ª√–°Õ∫°”≈—ß Ÿß∂÷ß 0.99 §à“‡§ ·ø§‡µÕ√å¢Õß°√–· À≈Õ¥Figure 17.  Input power factor

Figure 18. Total Current Harmonic Distortion of
Input Current

Table 2. Data Test from Prototype Single-Stage
Electronic Ballast

                   Data Input Output

Voltage (V.) 220.29 127.12
Current (A.) 2.37 3.16
Power (W.) 514.94 400.54
Crest Factor 1.49
Total Harmonic distortion (%) 14.40
Power factor 0.99
Efficiency (%)                      77.78
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1.49 ·≈–§à“Œ“√å¡Õπ‘° å¢Õß°√–· ¥â“π‡¢â“ 14.40% ÷́Ëß
º≈∑’Ë‰¥â‡ªìπ‰ªµ“¡¡“µ√∞“π IEC 61000-3-2 Class C ·≈–
¡Õ°.1506-2541
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