
°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’øŸ√‘‡¬√å¥’§‘« (DQF)

 ”À√—∫«ß®√°√Õß°”≈—ß·Õ°∑’ø

°Õßæ≈ Õ“√’√—°…å
 1
  ∏π—¥™—¬ °ÿ≈«√«“π‘™æß…å

 2
 ·≈–  √“«ÿ≤‘  ÿ®‘µ®√

3

Abstract
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Harmonic Identification by DQ Axis with Fourier Method

for Active Power Filters
Songklanakarin J. Sci. Technol., 2006, 28(6) : 1317-1334

This paper proposes a new method of harmonic identification named DQ axis with Fourier (DQF)

method. It lies on the basis of the DQ axis method enhanced by the sliding window Fourier analysis (SWFA).

The SWFA component and the zero-sequence current considered inside the DQF method account for its

excellent results on harmonic elimination, and phase balancing. Lack of phase balancing capability has been

a major drawback of the DQ axis, and the SWFA methods used in conjunction with an active power filter.

Our computing results based on measured current waveforms of three-phase four-wire systems confirm this.

Key words : harmonic identification, harmonic elimination, active power filter,
phase balancing, three-phase system
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∫∑§«“¡π’Èπ”‡ πÕ«‘∏’°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°«‘∏’°“√„À¡à∑’Ë‡√’¬°«à“ «‘∏’ DQF (DQ axis with Fourier method)

´÷Ëß‡ªìπ°“√º ¡º “π«‘∏’ DQ axis («‘∏’ DQ) ·≈–«‘∏’ Sliding Window Fourier Analysis («‘∏’ SWFA) «‘∏’°“√„À¡à∑’Ë
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‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’ DQ «‘∏’ SWFA ·≈–«‘∏’ DQF  πÕ°®“°π’È¡’°“√∑¥ Õ∫∂÷ß§«“¡ ¡¥ÿ≈À≈—ß°“√°”®—¥

Œ“√å¡Õπ‘°„π°√≥’∑’Ë√–∫∫¡’§«“¡‰¡à ¡¥ÿ≈‡°‘¥¢÷Èπ ´÷Ëß®“°º≈°“√®”≈Õß ∂“π°“√≥å æ∫«à“«‘∏’ DQF „Àâº≈°“√°”®—¥
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ªí®®ÿ∫—π Õÿµ “À°√√¡ à«π„À≠à¡’°“√π”‚À≈¥∑’Ë‰¡à
‡ªìπ‡™‘ß‡ âπ¡“„™â°—πÕ¬à“ß·æ√àÀ≈“¬  ‡™àπ  §Õπ‡«Õ√å‡µÕ√å
‡µ“À≈Õ¡‰øøÑ“ µ—«™¥‡™¬ VAR ·∫∫ ∂‘µ¬å ·≈–·À≈àß®à“¬
‰ø «‘∑™‘ß ‚À≈¥‰¡à‡ªìπ‡™‘ß‡ âπ‡À≈à“π’È°àÕ„Àâ‡°‘¥Œ“√å¡Õπ‘°
¢÷Èπ„π√–∫∫‰øøÑ“ Œ“√å¡Õπ‘°∑’Ë‡°‘¥¢÷Èπ àßº≈‡ ’¬À≈“¬ª√–°“√
‡™àπ ‡°‘¥°”≈—ßß“π Ÿ≠‡ ’¬„πÀ¡âÕ·ª≈ß‰øøÑ“ ·≈–‡§√◊ËÕß
®—°√°≈‰øøÑ“ (George, 2001) ‡°‘¥ —≠≠“≥√∫°«π„π
√–∫∫ ◊ËÕ “√  Õ’°∑—Èß‡§√◊ËÕß¡◊Õ«—¥µà“ßÊ ∑“ß‰øøÑ“¡’§«“¡
§≈“¥‡§≈◊ËÕπ (Indrajit et al., 1989)  √«¡∂÷ßÕÿª°√≥å
ªÑÕß°—π„π√–∫∫‰øøÑ“∑”ß“πº‘¥æ≈“¥ (Ho et al., 2001)

¥â«¬‡Àµÿπ’È°“√·°âªí≠À“‡√◊ËÕßŒ“√å¡Õπ‘° ®÷ß‡ªìπ‡√◊ËÕß ”§—≠
 ”À√—∫ß“π«‘®—¬„πªí®®ÿ∫—π   ß“π«‘®—¬„πÕ¥’µ à«π„À≠à·°â
ªí≠À“Œ“√å¡Õπ‘°‚¥¬„™â«ß®√°√Õß°”≈—ßæ“ ´’ø ´÷Ëß°“√„™â
«ß®√°√Õß¥—ß°≈à“«Õ“®ª√– ∫ªí≠À“‡√‚´·ππ´å„π√–∫∫
‰¥âßà“¬ Õ’°∑—Èß°“√ÕÕ°·∫∫«ß®√°√Õß°”≈—ßæ“ ´’ø¡’§«“¡
 —¡æ—π∏å∑’Ë´—∫´âÕπ°—∫æ“√“¡‘‡µÕ√åµà“ßÊ ¢Õß√–∫∫  ¥â«¬
‡Àµÿπ’È°“√·°âªí≠À“Œ“√å¡Õπ‘°„π™à«ßµàÕ¡“‰¥â‡√‘Ë¡„™â«ß®√
°√Õß°”≈—ß·Õ°∑’ø ∑’ËÕ“»—¬Õÿª°√≥å «‘µ™‘ß©’¥°√–· ‡æ◊ËÕ
À—°≈â“ß°—∫°√–· Œ“√å¡Õπ‘°∑’Ë‡°‘¥¢÷Èπ„π√–∫∫ ‚¥¬ª√– ‘∑∏‘-
¿“æ°“√°”®—¥Œ“√å¡Õπ‘°¢Õß«ß®√°√Õß°”≈—ß·Õ°∑’ø¥’°«à“
«ß®√°√Õß°”≈—ßæ“ ´’ø Õ’°∑—Èß«ß®√°√Õß°”≈—ß·Õ°∑’ø¡’
§«“¡ÕàÕπµ—«∑’Ë “¡“√∂ª√—∫·µàß„Àâ∑”ß“π°—∫√–∫∫„¥Ê ‰¥â
ßà“¬ ‚¥¬‰¡à¢÷ÈπÕ¬Ÿà°—∫§à“æ“√“¡‘‡µÕ√åµà“ßÊ ¢Õß√–∫∫ µ≈Õ¥
®π‰¡à∑”„Àâ‡°‘¥ ¿“«–‡√‚´·ππ´å„π√–∫∫ (Ying et al.,

1999) ‚§√ß √â“ß¢Õß«ß®√°√Õß°”≈—ß·Õ°∑’ø¡’≈—°…≥–¥—ß
Figure 1 ÷́Ëß«ß®√°√Õß∂Ÿ°µàÕ¢π“π‡¢â“°—∫√–∫∫‰øøÑ“
‚¥¬ à«πª√–°Õ∫Àπ÷Ëß¢Õß‚§√ß √â“ß¥—ß°≈à“«∑”Àπâ“∑’Ë√–∫ÿ
‡Õ°≈—°…≥åŒ“√å¡Õπ‘° ‡æ◊ËÕ„Àâ∑√“∫ª√‘¡“≥Œ“√å¡Õπ‘°∑’Ë‡°‘¥
¢÷Èπ„π√–∫∫ ´÷Ëßª√– ‘∑∏‘¿“æ°“√°”®—¥Œ“√å¡Õπ‘°¢÷ÈπÕ¬Ÿà°—∫
«‘∏’°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬‡™àπ°—π  ·≈–®“°°“√
 ◊∫§âπß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß‡°’Ë¬«°—∫°“√√–∫ÿ‡Õ°≈—°…≥å
Œ“√å¡Õπ‘° æ∫«à“°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°·∫àßÕÕ°‡ªìπ
2 °≈ÿà¡ §◊Õ °≈ÿà¡·√°‡ªìπ°≈ÿà¡∑’Ë π„®º≈√«¡¢ÕßŒ“√å¡Õπ‘°
∑’Ë‡°‘¥¢÷Èπ∑—ÈßÀ¡¥„π√–∫∫ ‡™àπ °“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°
¥â«¬«‘∏’ instantaneous power theory (Furuhashi et al.,

1990 ·≈– Chen et al., 1994)  «‘∏’ DQ axis (Takeda

et al., 1988)  «‘∏’ synchronous detection (Lin et al.,

1992 ·≈– Chen et al., 1994)  «‘∏’ SWFA (sliding

window Fourier analysis) (EI-Habrouk et al., 2001)

·≈–«‘∏’ a-b-c reference frame (Chang et al., 2002)

°≈ÿà¡∑’Ë Õß‡ªìπ°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°∑’Ë· ¥ß√“¬
≈–‡Õ’¬¥Õ—π¥—∫¢ÕßŒ“√å¡Õπ‘°  ¥—ß‡™àπ  «‘∏’ interpolating

windowed FFT (Zhang et al., 2001)  «‘∏’ neural

network (EI-Amin et al., 1998) ·≈–«‘∏’ Kalman filter

∑’Ëº ¡º “π°—∫«‘∏’ Fourier linear combiner (Dash et

al., 2000) °“√√–∫ÿ‡Õ°≈—°…≥åµ“¡·π«∑“ß„π°≈ÿà¡·√°¡’
«—µ∂ÿª√– ß§å‡æ◊ËÕ°”®—¥Œ“√å¡Õπ‘°∑—ÈßÀ¡¥∑’Ë‡°‘¥¢÷Èπ„π√–∫∫
 à«π°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°µ“¡·π«∑“ß„π°≈ÿà¡∑’Ë
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°Õßæ≈  Õ“√’√—°…å ·≈–§≥–1319

 Õß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ°”®—¥Œ“√å¡Õπ‘°∫“ßÕ—π¥—∫
ß“π«‘®—¬π’È¡ÿàß‡πâπ°“√°”®—¥Œ“√å¡Õπ‘°∑—ÈßÀ¡¥„π

√–∫∫ «‘∏’°“√„À¡à∑’Ëπ”‡ πÕ‡ªìπ«‘∏’√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°
 ”À√—∫„™âß“π√à«¡°—∫«ß®√°√Õß°”≈—ß·Õ°∑’ø  „π√–∫∫
‰øøÑ“ “¡‡ø  ’Ë “¬ ∑’Ë‡√’¬°«à“ «‘∏’ DQF (DQ axis with

Fourier method) «‘∏’°“√¥—ß°≈à“«º ¡º “π¢âÕ¥’√–À«à“ß
«‘∏’ DQ ·≈–«‘∏’ SWFA   ß“π«‘®—¬π’Èπ”‡ πÕ°“√»÷°…“
‡ª√’¬∫‡∑’¬∫ ¡√√∂π–°“√∑”ß“π√–À«à“ß«‘∏’ DQF «‘∏’ DQ

·≈–«‘∏’ SWFA ‡æ◊ËÕº≈„π°“√°”®—¥Œ“√å¡Õπ‘° °“√»÷°…“
‡ª√’¬∫‡∑’¬∫æ‘®“√≥“§à“ %THD ·≈– %Unbalance À≈—ß
°“√°”®—¥Œ“√å¡Õπ‘°  √–∫∫‰øøÑ“∑’Ëæ‘®“√≥“°”Àπ¥„Àâ¡’
‚À≈¥‰¡à‡ªìπ‡™‘ß‡ âπ ‰¥â·°à «ß®√‡√’¬ß°√–·  “¡‡ø ·∫∫
‡µÁ¡§≈◊Ëπ∑’Ë¡’‚À≈¥‡ªìπ§«“¡µâ“π∑“π  ¥—ß∑’Ë· ¥ß„π à«π
Àπ÷Ëß¢Õß Figure 2 ·≈–«ß®√‡√’¬ß°√–· Àπ÷Ëß‡ø ·∫∫‡µÁ¡
§≈◊Ëπ “¡™ÿ¥  ‚¥¬¡’‚À≈¥‡ªìπ§«“¡µâ“π∑“πµàÕ√à«¡°—∫µ—«
‡Àπ’Ë¬«π” ¥—ß à«πÀπ÷Ëß∑’Ë· ¥ß‰«â„π Figure 3 ´÷Ëß®“°º≈
°“√®”≈Õß ∂“π°“√≥å æ∫«à“°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°
¥â«¬«‘∏’ DQF  àßº≈¥’‡¬’Ë¬¡µàÕ°“√°”®—¥Œ“√å¡Õπ‘°„π√–∫∫
·≈–„π°√≥’∑’Ë‡°‘¥§«“¡‰¡à ¡¥ÿ≈„π√–∫∫ °“√√–∫ÿ‡Õ°≈—°…≥å

Œ“√å¡Õπ‘°¥â«¬«‘∏’ DQF  àßº≈„Àâ√–∫∫°≈—∫¡“Õ¬Ÿà„π ¿“æ
 ¡¥ÿ≈¿“¬À≈—ß°“√°”®—¥Œ“√å¡Õπ‘° πÕ°®“°π’È„π∫∑§«“¡
¬—ßπ”‡ πÕ‡∑§π‘§«‘∏’°“√§”π«≥∑’Ë‡√Á«¢÷Èπ  ”À√—∫°“√√–∫ÿ
‡Õ°≈—°…≥åŒ“√å¡Õπ‘° ¥â«¬«‘∏’ DQF

1. °“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’°“√‡¥‘¡

°“√Õ∏‘∫“¬«‘∏’°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°∑’Ë‡ªìπ
«‘∏’°“√‡¥‘¡ §◊Õ «‘∏’ DQ ·≈–«‘∏’ SWFA ´÷Ëß„π·µà≈–«‘∏’‰¥â
π”‡ πÕº≈°“√®”≈Õß ∂“π°“√≥å°“√°”®—¥Œ“√å¡Õπ‘°
√«¡∂÷ß°“√Õ¿‘ª√“¬º≈ ‚¥¬‚À≈¥‰¡à‡ªìπ‡™‘ß‡ âπ∑’Ë„™â„π°“√
®”≈Õß ∂“π°“√≥å¡’ 2 √Ÿª·∫∫ ‰¥â·°à «ß®√‡√’¬ß°√–· 
 “¡‡ø ·∫∫‡µÁ¡§≈◊Ëπ∑’Ë¡’‚À≈¥‡ªìπ§«“¡µâ“π∑“π  ·≈–
«ß®√‡√’¬ß°√–· Àπ÷Ëß‡ø ·∫∫‡µÁ¡§≈◊Ëπ “¡™ÿ¥ ¡’‚À≈¥‡ªìπ
§«“¡µâ“π∑“πµàÕ√à«¡°—∫µ—«‡Àπ’Ë¬«π” ÷́Ëß°“√¥”‡π‘πß“π
„π¢—Èππ’È‰¥âæ‘®“√≥“«à“«ß®√°√Õß°”≈—ß·Õ°∑’ø‡ªìπ·À≈àß
®à“¬°√–· ∑’Ë©’¥°√–· ™¥‡™¬‰ªÀ—°≈â“ß°—∫°√–· Œ“√å¡Õπ‘°
„π√–∫∫‰¥âÕ¬à“ß ¡∫Ÿ√≥å·∫∫ π—Ëπ§◊Õ ª√‘¡“≥°√–· ∑’Ë©’¥
(icu, icv ·≈– icw) ®–¡’§à“‡∑à“°—∫§à“°√–· ∑’Ë‰¥â®“°°“√√–∫ÿ
‡Õ°≈—°…≥åŒ“√å¡Õπ‘° (iu,ref, iv,ref ·≈– iw,ref)

Figure 1.  A three-phase four-wire system with a parallel active power filter
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Figure 2.  Load is a three-phase rectifier

Figure 3.  Load is a set of three single-phase rectifiers

1.1 °“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’ DQ

(Takeda et al., 1988)

°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’  DQ  ∑’Ë
· ¥ß‰«â„π Figure 4 „π¢—ÈπµâπÕ“»—¬°“√·ª≈ß§à“°√–· 
‰øøÑ“ “¡‡ø   §◊Õ  iu,  iv  ·≈–  iw  ‡ªìπ°√–· ‰øøÑ“ ‡ª´
‡«°‡µÕ√å (space vector) ∫π·°π α, β ·≈– 0 (iα, iβ ·≈–
i0) ‚¥¬„™â°“√·ª≈ß‡¡µ√‘°´å¥—ß ¡°“√∑’Ë (1) À≈—ß®“°π—Èπ
®–∂à“¬‚Õπ§à“°√–· ∫π·°π α ·≈–·°π β ‰ªÕ¬Ÿà∫π·°π
À¡ÿπ d-q (id ·≈– ia) ¥â«¬‡¡µ√‘°´å¥—ß ¡°“√∑’Ë (2)  §à“ ω
∑’Ëª√“°Ø„π ¡°“√ ¡’§à“‡∑à“°—∫§«“¡∂’Ë¡Ÿ≈∞“π¢Õß√–∫∫
 ”À√—∫°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°‡æ◊ËÕµâÕß°“√∑√“∫
Œ“√å¡Õπ‘°∑—ÈßÀ¡¥„π√–∫∫ ¥â«¬‡Àµÿπ’È‡«°‡µÕ√å°√–· ‰øøÑ“

id ·≈– ia ®–À¡ÿπ¥â«¬Õ—µ√“‡√Á«‡∑à“°—∫§«“¡∂’Ë¡Ÿ≈∞“π ·°π
µà“ßÊ  ∑’Ë°≈à“«∂÷ß‰¥â√—∫°“√· ¥ß‰«â„π  Figure 5  ‡¡◊ËÕ
æ‘®“√≥“∫π·°πÀ¡ÿπ d-q °√–· ∑’Ë§«“¡∂’Ë¡Ÿ≈∞“π‡ª√’¬∫
‡ ¡◊Õπ —≠≠“≥°√–· µ√ß „π¢≥–∑’Ë°√–· Œ“√å¡Õπ‘°
‡ª√’¬∫‡ ¡◊Õπ —≠≠“≥°√–·  ≈—∫ ¥â«¬‡Àµÿπ’È°“√·¬°Õß§å
ª√–°Õ∫√–À«à“ß°√–· Œ“√å¡Õπ‘°∑’ËÕ¬Ÿà∫π·°πÀ¡ÿπ d-q

(idh ·≈– iqh) ·≈–°√–· ∑’Ë§«“¡∂’Ë¡Ÿ≈∞“π ∑”‰¥â‚¥¬„™â«ß®√
°√Õßºà“π Ÿß  (high-pass filter)  ´÷Ëß· ¥ß‰«â¥â«¬∫≈ÁÕ°
HPF „π·ºπ¿“æ Figure 4 À≈—ß®“°π—Èπ·ª≈ß§à“°√–· 
Œ“√å¡Õπ‘°∫π·°πÀ¡ÿπ d-q °≈—∫‰ª‡ªìπ°√–· Œ“√å¡Õπ‘°
∫π·°π  α ·≈– β  (iαh ·≈– iβh) ¥—ß ¡°“√∑’Ë (3)  à«π
°√–·  ‡ª´‡«°‡µÕ√å∫π·°π 0 (i

0
) ®–π”‰ª„™â„π°“√
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Figure 4.  Block diagram of the DQ method

Figure 5.  currents on the d-q axis

§”π«≥§à“°√–· Õâ“ßÕ‘ß “¡‡ø „Àâ°—∫«ß®√°√Õß°”≈—ß
·Õ°∑’ø  (iu,ref, iv,ref ·≈– iw,ref) ‚¥¬„™â°“√·ª≈ß‡¡µ√‘°´å¥—ß
 ¡°“√∑’Ë (4)
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°“√®”≈Õß ∂“π°“√≥å°“√°”®—¥Œ“√å¡Õπ‘°„π
∫∑§«“¡π’È  æ‘®“√≥“√–∫∫‰øøÑ“¡’‚À≈¥·µ°µà“ß Õß√Ÿª·∫∫
¥—ß∑’Ë· ¥ß‰«â„π Figure 2 ·≈– 3 ́ ÷Ëß¢âÕ¡Ÿ≈°√–· Œ“√å¡Õπ‘°
∑’Ë‰¥â®“°‚À≈¥‰¡à‡ªìπ‡™‘ß‡ âπ¥—ß°≈à“« ‰¥â®“°°“√µ√«®«—¥
‚À≈¥®√‘ß ´÷Ëß√–∫∫µ“¡·ºπ¿“æ„π Figure 2 π—Èπ ·À≈àß
°”‡π‘¥¡’ Ls = 6 mH ·≈–‚À≈¥‡ªìπ R = 3.37 kΩ „π
°√≥’√–∫∫µ“¡ Figure 3  Ls ¢Õß·À≈àß°”‡π‘¥¡’§à“ 6 mH

‡™àπ‡¥‘¡ ·≈–¡’‚À≈¥‰¡à ¡¥ÿ≈‡ªìπ Ru = 85 Ω, Lu = 19.8

H, Rv = 260 Ω, Lv = 2.64 H, Rw = 1.09 kΩ ·≈– Lw =

19.8 H   Figure 6 · ¥ßº≈°“√®”≈Õß ∂“π°“√≥å°“√
°”®—¥Œ“√å¡Õπ‘° ‡¡◊ËÕ„™â«‘∏’ DQ √–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°
„π°√≥’‚À≈¥‰¡à‡ªìπ‡™‘ß‡ âπ¢Õß√–∫∫‡ªìπ«ß®√‡√’¬ß°√–· 
 “¡‡ø   ®“°√Ÿª¥—ß°≈à“«°√–· ∑—Èß “¡‡ø ∑’Ë·À≈àß®à“¬
°”≈—ß‰øøÑ“À≈—°°àÕπ°”®—¥Œ“√å¡Õπ‘°  (ilu,  ilv  ·≈–  ilw)

¡’≈—°…≥–∫‘¥‡∫’È¬«‰¡à‡ªìπ√Ÿª —≠≠“≥‰´πå  „π¢≥–∑’ËÀ≈—ß
°”®—¥Œ“√å¡Õπ‘° (isu,comp., isv,comp. ·≈– isw,comp.) ¡’≈—°…≥–
‡ªìπ√Ÿª —≠≠“≥‰´πå ∑—Èßπ’È‡π◊ËÕß®“°«ß®√°√Õß°”≈—ß·Õ°∑’ø
¡’°“√©’¥°√–· ™¥‡™¬ (icu, icv ·≈– icw) ‡æ◊ËÕ°”®—¥Œ“√å-
¡Õπ‘°„Àâ°—∫√–∫∫ ª√‘¡“≥Œ“√å¡Õπ‘°°àÕπ·≈–À≈—ß°”®—¥
Œ“√å¡Õπ‘°¥Ÿ‰¥â®“°§à“ %THD ∑’Ë§”π«≥‰¥â®“° ¡°“√
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∑’Ë (5) ´÷Ëß§à“ %THD „π·µà≈–‡ø · ¥ß‰«â„π Table 1

®“°µ“√“ß¥—ß°≈à“«§à“ %THD °àÕπ°”®—¥Œ“√å¡Õπ‘°„π·µà
≈–‡ø ¡’§à“‰¡à‡∑à“°—π ‡æ√“–©–π—Èπª√‘¡“≥Œ“√å¡Õπ‘°‚¥¬
√«¡¢Õß°√–·  “¡‡ø ®÷ßæ‘®“√≥“®“° %THD ‡©≈’Ë¬∑’Ë¡’
°“√§”π«≥¥—ß ¡°“√∑’Ë (6) §à“ %THD ‡©≈’Ë¬À≈—ß°”®—¥
Œ“√å¡Õπ‘°¡’§à“‡∑à“°—∫ 1.13% ´÷Ëß¡’§à“≈¥≈ßÕ¬à“ß¡“° ‡¡◊ËÕ
‡∑’¬∫°—∫§à“ %THD ‡©≈’Ë¬°àÕπ°”®—¥Œ“√å¡Õπ‘° (28.73%)

§à“ %Unbalance ¢Õß°√–· ∑’Ë·À≈àß®à“¬°”≈—ß‰øøÑ“À≈—°
 “¡‡ø  „π ¿“«–°àÕπ·≈–À≈—ß°”®—¥Œ“√å¡Õπ‘°¡’§à“‡∑à“°—∫
»Ÿπ¬å ´÷ËßÀ¡“¬∂÷ß√–∫∫¥—ß°≈à“«Õ¬Ÿà„π ¿“«– ¡¥ÿ≈ ∑—Èßπ’È
‡π◊ËÕß®“°§à“°√–· ∑’Ë·À≈àß®à“¬°”≈—ß‰øøÑ“À≈—° “¡‡ø 
(isu, isv ·≈– isw) ¡’§à“‡∑à“°—π §à“ %Unbalance ∑’Ëπ”‡ πÕ
‰«â„πµ“√“ß§”π«≥‰¥â®“° ¡°“√∑’Ë (7)

%THD =
1
I1

Ih
2

h=2

∞
∑ ×100% (5)

%THD average =
1
3 %THDi

i=u,v,w
∑ (6)

%Unbalance = maximum current deviation from average rms current
average rms current ×100

(7)

 à«πº≈°“√®”≈Õß ∂“π°“√≥å°“√°”®—¥Œ“√å¡Õπ‘°
„π°√≥’‚À≈¥‰¡à‡ªìπ‡™‘ß‡ âπ‡ªìπ«ß®√‡√’¬ß°√–· Àπ÷Ëß‡ø 
 “¡™ÿ¥ ‰¥â· ¥ß‰«â„π Figure 7 ®–‡ÀÁπ«à“°√–· ∑—Èß “¡
‡ø °àÕπ°”®—¥Œ“√å¡Õπ‘°¡’≈—°…≥–∫‘¥‡∫’È¬«‰¡à‡ªìπ√Ÿª
 —≠≠“≥‰´πå Õ’°∑—Èß¡’§«“¡‰¡à ¡¥ÿ≈‡°‘¥¢÷Èπ ‚¥¬¥Ÿ‰¥â®“°§à“
%unbalance ∑’Ë· ¥ß‰«â„π Table 2 ¡’§à“‡∑à“°—∫ 67.80%

∑—Èßπ’È‡π◊ËÕß®“°‚À≈¥¢Õß«ß®√‡√’¬ß°√–· „π·µà≈–‡ø ¡’§à“
·µ°µà“ß°—π ´÷Ëß∑”„Àâ°√–· „π·µà≈–‡ø  (isu, isv  ·≈– isw)

¡’§à“‰¡à‡∑à“°—π  ·µà¿“¬À≈—ß°”®—¥Œ“√å¡Õπ‘° √Ÿª —≠≠“≥
°√–· ∑—Èß “¡‡ø ¡’≈—°…≥–‡ªìπ√Ÿª —≠≠“≥‰´πå ´÷Ëß§à“
%THD °àÕπ·≈–À≈—ß°”®—¥Œ“√å¡Õπ‘°¥Ÿ‰¥â®“° Table 2

 à«π§à“ %unbalance ¿“¬À≈—ß°”®—¥Œ“√å¡Õπ‘° ¡’§à“≈¥≈ß
‡¡◊ËÕ‡∑’¬∫°—∫ %unbalance °àÕπ°”®—¥Œ“√å¡Õπ‘°  ∑—Èßπ’È
‡π◊ËÕß®“°„π ¿“«–‰¡à ¡¥ÿ≈∑’Ë‡°‘¥¢÷Èπ  àßº≈„Àâ¡’°√–· „π
´’‡§«π´å»Ÿ¬å (zero sequence) ´÷Ëß∑”„Àâ‡°‘¥°√–· „π “¬
π‘«µ√Õ≈ °“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘° ¥â«¬«‘∏’ DQ ¡’°“√
æ‘®“√≥“°√–·  zero sequence (i

0
)  ”À√—∫π”‰ª§”π«≥

§à“°√–· Õâ“ßÕ‘ß„Àâ°—∫«ß®√°√Õß°”≈—ß·Õ°∑’ø  ‡æ◊ËÕ‰ª
™¥‡™¬„Àâ°—∫√–∫∫ ‚¥¬«ß®√°√Õß¡’°“√©’¥°√–· ™¥‡™¬∑’Ë
 “¬π‘«µ√Õ≈ (iN,APF) ´÷Ëß∑”„Àâ°√–· „π “¬π‘«µ√Õ≈À≈—ß

Table 1.  Results when the nonlinear load is a three-phase rectifier

identification %THD %THD %THD %THD i
su

i
sv

i
sw

Unbalance

method phase u phase v phase w average (rms) (rms) (rms) (%)

before compensated 27.87 29.27 29.05 28.73 0.13 0.13 0.13 0
after compensated
  DQ method 0.80 1.34 1.24 1.13 0.15 0.15 0.15 0
SWFA method 0 0 0 0 0.13 0.13 0.13 0
DQF method 0 0 0 0 0.13 0.13 0.13 0

Table 2. Results when the nonlinear load is a set of three single-phase rectifiers

identification %THD %THD %THD %THD i
su

i
sv

i
sw

Unbalance

method phase u phase v phase w average (rms) (rms) (rms) (%)

before compensated 45.78 35.90 43.20 41.63 0.39 0.13 0.66 67.80
after compensated
  DQ method 1.09 1.84 1.50 1.48 0.42 0.43 0.43 1.56
  SWFA method 0 0 0 0 0.35 0.12 0.61 69.44
  DQF method 0 0 0 0 0.36 0.36 0.36 0
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°”®—¥Œ“√å¡Õπ‘° (iN,after) ¡’§à“≈¥≈ß ‡¡◊ËÕ‡∑’¬∫°—∫°√–· „π
 “¬π‘«µ√Õ≈°àÕπ°”®—¥Œ“√å¡Õπ‘° (iN,before) ®÷ß àßº≈„Àâ
√–∫∫À≈—ß°“√°”®—¥Œ“√å¡Õπ‘°¡’§«“¡‰¡à ¡¥ÿ≈≈¥≈ß ‚¥¬¥Ÿ

Figure 6.  Simulation results : Load is a three-phase rectifier (DQ)

Figure 7.  Simulation results : Load is a set of three single-phase rectifiers (DQ)

‰¥â®“° %unbalance ≈¥≈ß‡À≈◊Õ 1.56% ¡’™à«ß ¿“«–
™—Ë«§√Ÿàª√–¡“≥ 0.03 «‘π“∑’  °àÕπ∑’Ë°“√∑”ß“π∑—ÈßÀ¡¥®–
§ßµ—« ¥—ß°“√· ¥ßº≈¥â«¬°√“ø„π Figure 6 ·≈– 7
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1.2 °“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’ SWFA

(EI-Habrouk et al., 2001)

°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’ SWFA

Õ“»—¬°“√§”π«≥®“° ¡°“√¢ÕßÕπÿ°√¡øŸ√‘‡¬√å  ´÷Ëß°“√
§”π«≥®–¥”‡π‘π°“√‡©æ“–§à“°√–· ‰øøÑ“∑’Ë§«“¡∂’Ë¡Ÿ≈∞“π
(i

1
)  ¥—ß ¡°“√∑’Ë  (8)  ‚¥¬∑’Ë§à“ —¡ª√– ‘∑∏‘Ï  A

1
  ·≈–  B

1

§”π«≥‰¥â®“° ¡°“√∑’Ë (9) ·≈– (10) µ“¡≈”¥—∫  ®“°
 ¡°“√¥—ß°≈à“« T §◊Õ §à“‡«≈“„π°“√™—°µ—«Õ¬à“ß («‘π“∑’),
ω §◊Õ §«“¡∂’Ë¡Ÿ≈∞“π (‡√‡¥’¬π/«‘π“∑’), N §◊Õ ®”π«π®ÿ¥
¢âÕ¡Ÿ≈„π°“√§”π«≥µàÕÀπ÷Ëß§“∫  ·≈–  N

0
 §◊Õ µ”·Àπàß

¢Õß®ÿ¥¢âÕ¡Ÿ≈‡√‘Ë¡µâπ ”À√—∫°“√§”π«≥  À≈—ß®“°§”π«≥
§à“°√–· ‰øøÑ“∑’Ë§«“¡∂’Ë¡Ÿ≈∞“π π”§à“°√–· ‰øøÑ“∑’Ë‰¥â
®“°°“√§”π«≥‰ªÀ—°≈∫ÕÕ°®“°§à“°√–· ‰øøÑ“∑’Ë«—¥‰¥â
®“°·À≈àß®à“¬°”≈—ß‰øøÑ“À≈—° (i) ¥—ß ¡°“√∑’Ë (11) ®–‰¥â
°√–· Œ“√å¡Õπ‘°∑’Ë‡°‘¥¢÷Èπ∑—ÈßÀ¡¥„π√–∫∫ (ih)  ‚¥¬„π¢—Èπ
·√°®–√—∫¢âÕ¡Ÿ≈°√–·   i  ®”π«πÀπ÷Ëß§“∫  ´÷Ëß¡’∑—ÈßÀ¡¥
N  ¢âÕ¡Ÿ≈  À≈—ß®“°π—Èπ∑”°“√§”π«≥§à“ A

1
 ·≈– B

1
  ®“°

 ¡°“√∑’Ë (9) ·≈– (10) ‡æ◊ËÕ§”π«≥§à“°√–·  i
1
  ®“°

 ¡°“√∑’Ë (8)  §à“ —¡ª√– ‘∑∏‘Ï A
1
 ·≈– B

1
 ∑’Ë‰¥â®“°°“√

§”π«≥„π™à«ß·√°π’È®–∂Ÿ°‡°Á∫‡ªìπ¢âÕ¡Ÿ≈„π√Ÿª·∫∫¢Õß·∂«
≈”¥—∫ (array) ¥—ß Figure 8 ´÷Ëß„π√Ÿª¥—ß°≈à“« F(nωT) =

cos(nωT) „π°√≥’§”π«≥§à“ A
1
 ·≈– F(nωT) = sin(nωT)

„π°√≥’§”π«≥§à“ B
1
 °√–∫«π°“√¥—ß°≈à“«∑—ÈßÀ¡¥¢â“ßµâπ

‡ªìπ°“√§”π«≥‡æ◊ËÕ°”Àπ¥§à“‡√‘Ë¡µâπ (initial) „Àâ°—∫
Õ—≈°Õ√‘∑÷¡°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’ SWFA ·≈–
„π√Õ∫°“√§”π«≥∂—¥‰ª ‡√‘Ë¡µâπ®“°°“√√—∫¢âÕ¡Ÿ≈°√–· 
§à“„À¡à i (N

0
 + N) ®“°·À≈àß®à“¬°”≈—ß‰øøÑ“À≈—° ·≈–≈∫

¢âÕ¡Ÿ≈°√–· §à“‡°à“ i (N
0
 - 1) ‡æ◊ËÕ§”π«≥§à“ —¡ª√– ‘∑∏‘Ï

A
1
 §à“„À¡à (A

1
(new)) ·≈–§à“ —¡ª√– ‘∑∏‘Ï B

1
 §à“„À¡à (B

1
(new))

¥—ß ¡°“√∑’Ë (12) ·≈– (13) µ“¡≈”¥—∫ ‚¥¬∑’Ë A
1

(old) §◊Õ
§à“ —¡ª√– ‘∑∏‘Ï A

1
 §à“‡°à“∑’Ë‰¥â®“°°“√§”π«≥°àÕπÀπâ“π’È

·≈–  B
1

(old)  §◊Õ  §à“ —¡ª√– ‘∑∏‘Ï B
1
  §à“‡°à“∑’Ë‰¥â®“°°“√

§”π«≥°àÕπÀπâ“π’È‡™àπ‡¥’¬«°—π ®“°°√–∫«π°“√¥—ß°≈à“«
∑—ÈßÀ¡¥¢â“ßµâπ ¡’°“√§”π«≥§à“°√–· Œ“√å¡Õπ‘°∑’Ë‡°‘¥¢÷Èπ
„π∑ÿ°√Õ∫¢Õß°“√√—∫¢âÕ¡Ÿ≈°√–· ∑’Ë·À≈àß®à“¬°”≈—ß‰øøÑ“
À≈—° ‚¥¬™à«ß‡«≈“°“√√—∫¢âÕ¡Ÿ≈„π·µà≈–√Õ∫®–‡∑à“°—∫ T

«‘π“∑’
ii (kT ) = A1 cos(ωkT ) + B1 sin(ωkT ) (8)

A1 =
2
N i(nT )cos(nωT )

n=N0

N0 +N−1

∑ (9)

B1 =
2
N i(nT )sin(nωT )

n=N0

N0 +N−1

∑ (10)

ih = i − i1 (11)

Figure 8.  Computation of the Fourier coefficients
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A1
(new) = A1

(old) +
2
N i (N0 + N)T[ ]cos (N0 + N)ωT[ ] − i (N0 −1)T[ ]cos (N0 −1)ωT[ ]{ } (12)

B1
(new) = B1

(old) +
2
N i (N0 + N)T[ ]sin (N0 + N)ωT[ ] − i (N0 −1)T[ ]sin (N0 −1)ωT[ ]{ } (13)
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º≈°“√®”≈Õß ∂“π°“√≥å°“√°”®—¥Œ“√å¡Õπ‘°∑’Ë„™â°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’ SWFA · ¥ß‰«â¥—ß Fig-

ure 10 ·≈– 11 ‚¥¬º≈°“√®”≈Õß ∂“π°“√≥å„π Figure 10 ‡ªìπ¢Õß√–∫∫∑’Ë¡’«ß®√‡√’¬ß°√–·  “¡‡ø ‡ªìπ‚À≈¥‰¡à‡ªìπ
‡™‘ß‡ âπ   à«πº≈°“√®”≈Õß ∂“π°“√≥å„π Figure 11 ‡ªìπ¢Õß√–∫∫∑’Ë¡’«ß®√‡√’¬ß°√–· Àπ÷Ëß‡ø  “¡™ÿ¥‡ªìπ‚À≈¥‰¡à
‡ªìπ‡™‘ß‡ âπ  ®“° Figure 10  —ß‡°µ‰¥â«à“√Ÿª —≠≠“≥°√–·  “¡‡ø À≈—ß°”®—¥Œ“√å¡Õπ‘°¡’≈—°…≥–‡ªìπ√Ÿª —≠≠“≥‰´πå
∫√‘ ÿ∑∏‘Ï ‚¥¬§à“ %THD ¢Õß√Ÿª —≠≠“≥¥—ß°≈à“«¡’§à“‡∑à“°—∫ 0% ∑—Èß “¡‡ø ´÷Ëß¥Ÿ‰¥â®“° Table 1  à«π§à“ %unbalance

Figure 9.  Block diagram of the SWFA method
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°àÕπ·≈–À≈—ß°”®—¥Œ“√å¡Õπ‘°¡’§à“‡∑à“°—∫»Ÿπ¬å‡™àπ‡¥’¬«°—∫
°√≥’∑’Ë„™â«‘∏’ DQ  à«πº≈°“√®”≈Õß ∂“π°“√≥å„π Figure

11  —ß‡°µ‰¥â«à“¿“¬À≈—ß°”®—¥Œ“√å¡Õπ‘°√Ÿª —≠≠“≥°√–· 

„π ¿“«–Õ¬Ÿàµ—«∑—Èß “¡‡ø ¡’≈—°…≥–‡ªìπ√Ÿª —≠≠“≥‰´πå
∫√‘ ÿ∑∏‘Ï∑’Ë¡’·Õ¡æ≈‘®Ÿ¥‰¡à‡∑à“°—π ‚¥¬§à“ %THD À≈—ß°”®—¥
Œ“√å¡Õπ‘°¡’§à“‡∑à“°—∫ 0% ∑—Èß “¡‡ø  ́ ÷Ëß¥Ÿ‰¥â®“° Table 2

Figure 10.  Simulation results : Load is a three-phase rectifier (SWFA)

Figure 11.  Simulation results : Load is a set of three single-phase rectifiers (SWFA)
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Figure 12.  Block diagram of the DQF method
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Figure 13.  Computation of the Fourier coefficients on the d-q axis
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0d
(new) ‡∑à“°—∫ A

0d
(old) ·≈– A

0q
(new)

‡∑à“°—∫ A
0q

(old) ‡æ√“–©–π—Èπ®÷ß‰¡à¡’§«“¡®”‡ªìπµâÕß§”π«≥
§à“ —¡ª√– ‘∑∏‘Ï¥—ß°≈à“« ¥—ßπ—Èπ§à“°√–· Õâ“ßÕ‘ß “¡‡ø „Àâ
°—∫«ß®√°√Õß°”≈—ß·Õ°∑’ø®÷ß„™â§à“‡¥‘¡‰¥â‡≈¬  ®“°°“√
Õ∏‘∫“¬¢â“ßµâπ ‡¡◊ËÕæ‘®“√≥“‡«≈“„π°“√§”π«≥§à“°√–· 
Õâ“ßÕ‘ß„Àâ°—∫«ß®√°√Õß°”≈—ß·Õ°∑’ø¥Ÿ‰¥â®“° Figure 14

÷́Ëß√Ÿª¥—ß°≈à“«‡ªìπ°“√· ¥ß‡«≈“∑’Ë„™â„π°“√§”π«≥„πÀπ÷Ëß
√Õ∫°“√√—∫¢âÕ¡Ÿ≈ ‚¥¬„π Figure 14(a) · ¥ß‡«≈“∑’Ë„™â„π
°“√§”π«≥„π°√≥’∑’Ë‰¡à¡’°“√µ√«® Õ∫‡ß◊ËÕπ‰¢°“√‡∑à“°—π
¢Õß°√–· ∫π·°π d ·≈–·°π q ´÷ËßµâÕß§”π«≥´È”∑ÿ°Ê
√Õ∫°“√√—∫¢âÕ¡Ÿ≈  à«π Figure 14(b) · ¥ß‡«≈“∑’Ë„™â„π
°“√§”π«≥„π°√≥’∑’Ë¡’°“√µ√«® Õ∫‡ß◊ËÕπ‰¢°“√‡∑à“°—π
¢Õß°√–· ∫π·°π d ·≈–·°π q  ®“°√Ÿª¥—ß°≈à“« —ß‡°µ
‰¥â«à“‡¡◊ËÕ‡ß◊ËÕπ‰¢°“√‡∑à“°—π‡ªìπ®√‘ß °Á‰¡à¡’§«“¡®”‡ªìπ
µâÕß§”π«≥µ“¡¢—ÈπµÕπ∑’Ë‡À≈◊Õ ‡Àµÿ°“√≥å≈—°…≥–‡™àππ’È

æ∫‰¥â à«π¡“°„π«ß√Õ∫°“√√—∫¢âÕ¡Ÿ≈·µà≈–§√—Èß ‡¡◊ËÕ¥”‡π‘π
°“√‡™àππ’È®–™à«¬≈¥‡«≈“„π°“√§”π«≥≈ß‰¥âª√–¡“≥ 60%

∑—Èßπ’ÈÕ“®æ‘®“√≥“‰¥â®“°¢—ÈπµÕπ°“√§”π«≥∑’Ë¡’ 13 ¢—ÈπµÕπ
¥—ßπ’È

¢—Èπ∑’Ë 1 °”Àπ¥§à“‡√‘Ë¡µâπ„Àâ°—∫°“√√–∫ÿ‡Õ°≈—°…≥å
¢—Èπ∑’Ë 2 ·ª≈ß°√–· ‰øøÑ“ “¡‡ø ‡ªìπ°√–· 

‰øøÑ“ ‡ª´‡«°‡µÕ√å∫π·°π α ·≈– β
µ“¡ ¡°“√∑’Ë (1)

¢—Èπ∑’Ë 3 ·ª≈ß§à“°√–· ‰øøÑ“ ‡ª´‡«°‡µÕ√å∫π
·°π α ·≈– β ‰ªÕ¬Ÿà∫π·°πÀ¡ÿπ d-q

µ“¡ ¡°“√∑’Ë (2)

¢—Èπ∑’Ë 4 µ√«® Õ∫‡ß◊ËÕπ‰¢∫π·°π d ·≈–·°π q
‚¥¬¡’‡ß◊ËÕπ‰¢¥—ßπ’È
∂â“§à“°√–·  id §à“„À¡à ‡∑à“°—∫ §à“°√–· 
id  §à“‡°à“ ·≈–∂â“§à“°√–·  iq §à“„À¡à
‡∑à“°—∫ §à“°√–·   iq  §à“‡°à“ ‡ªìπ®√‘ß
„Àâ¢â“¡¢—ÈπµÕπ°“√§”π«≥¢—Èπ∑’Ë 5 ∂÷ß
12 ‰ª¥”‡π‘π°“√¢—Èπ∑’Ë 13

(a) Without the checking conditions

(b) With the checking conditions

Figure 14.  Timing diagram of computation for the DQF method
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¢—Èπ∑’Ë 5 §”π«≥§à“ A
0d

(new) µ“¡ ¡°“√∑’Ë (23)

¢—Èπ∑’Ë 6 §”π«≥§à“ id1
 µ“¡ ¡°“√∑’Ë (19)

¢—Èπ∑’Ë 7 §”π«≥§à“ idh

¢—Èπ∑’Ë 8   §”π«≥§à“ A
0d

(new) µ“¡ ¡°“√∑’Ë (23)

¢—Èπ∑’Ë 9   §”π«≥§à“ iqh µ“¡ ¡°“√∑’Ë (20)

¢—Èπ∑’Ë 10 §”π«≥§à“ iqh

¢—Èπ∑’Ë 11 ·ª≈ß§à“ idh ·≈– iqh ‡ªìπ iαh ·≈– iβh

µ“¡ ¡°“√∑’Ë (3)

¢—Èπ∑’Ë 12 §”π«≥§à“ iu,ref, iv,ref ·≈– iw,ref µ“¡
 ¡°“√∑’Ë (4)

¢—Èπ∑’Ë 13 ‰¥â°√–· Õâ“ßÕ‘ß„Àâ°—∫«ß®√°√Õß°”≈—ß
·Õ°∑’ø

®“°¢—ÈπµÕπ¥—ß°≈à“« —ß‡°µ‰¥â«à“ Àπà«¬ª√–¡«≈º≈
‰¡àµâÕß¥”‡π‘π°“√§”π«≥µ“¡¢—ÈπµÕπ∑’Ë 5 ∂÷ß 12 À“°
‡ß◊ËÕπ‰¢∑’Ëµ√«® Õ∫‡ªìπ®√‘ß ‡«≈“°“√§”π«≥∑’Ë “¡“√∂≈¥
≈ß‰¥â 60% ‚¥¬ª√–¡“≥  Àπà«¬ª√–¡«≈º≈ “¡“√∂π”
™à«ß‡«≈“¥—ß°≈à“«‰ª„™âª√–‚¬™πå‡æ◊ËÕ°‘®°√√¡Õ◊Ëπ„¥‰¥â

2.2 º≈°“√®”≈Õß ∂“π°“√≥å ·≈–Õ¿‘ª√“¬º≈

º≈°“√®”≈Õß ∂“π°“√≥å∑’Ë „™â«‘∏’ DQF

 ”À√—∫√–∫ÿ‡Õ°≈—°…≥å · ¥ß‰«â¥—ß Figure 15 ·≈– 16 ‚¥¬
º≈°“√®”≈Õß ∂“π°“√≥å Figure 15 ‡ªìπ¢Õß√–∫∫∑’Ë¡’
«ß®√‡√’¬ß°√–·  “¡‡ø ‡ªìπ‚À≈¥‰¡à‡ªìπ‡™‘ß‡ âπ ´÷Ëß®“°
√Ÿª¥—ß°≈à“« —ß‡°µ‰¥â«à“°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬
«‘∏’ DQF °”®—¥Œ“√å¡Õπ‘°‰¥â ¡∫Ÿ√≥å·∫∫ ‚¥¬¥Ÿ‰¥â®“°√Ÿª
 —≠≠“≥°√–·  “¡‡ø À≈—ß°”®—¥Œ“√å¡Õπ‘°¡’≈—°…≥–‡ªìπ
√Ÿª —≠≠“≥‰´πå∫√‘ ÿ∑∏‘Ï∑’Ë¡’§à“ %THD „π·µà≈–‡ø ‡∑à“°—∫
0% ¥—ß Table 1   à«π§à“ %unbalance °àÕπ·≈–À≈—ß
°”®—¥Œ“√å¡Õπ‘°¡’§à“‡∑à“°—∫»Ÿπ¬å ´÷ËßÀ¡“¬∂÷ß√–∫∫¥—ß°≈à“«
Õ¬Ÿà„π ¿“«– ¡¥ÿ≈∑—Èß°àÕπ·≈–À≈—ß°”®—¥Œ“√å¡Õπ‘°  à«π
º≈°“√®”≈Õß ∂“π°“√≥å„π Figure 16 ‡ªìπ¢Õß√–∫∫∑’Ë¡’
«ß®√‡√’¬ß°√–· Àπ÷Ëß‡ø  “¡™ÿ¥‡ªìπ‚À≈¥‰¡à‡™‘ß‡ âπ ´÷Ëß
®“°√Ÿª¥—ß°≈à“«°√–· ∑—Èß “¡‡ø °àÕπ°”®—¥Œ“√å¡Õπ‘°¡’
≈—°…≥–∫‘¥‡∫’È¬«‰¡à‡ªìπ√Ÿª —≠≠“≥‰´πå Õ’°∑—Èß¡’§«“¡‰¡à
 ¡¥ÿ≈‡°‘¥¢÷Èπ  ·µà¿“¬À≈—ß°”®—¥Œ“√å¡Õπ‘°√Ÿª —≠≠“≥
°√–· ∑—Èß “¡‡ø ¡’≈—°…≥–‡ªìπ√Ÿª —≠≠“≥‰´πå∫√‘ ÿ∑∏‘Ï
‚¥¬¥Ÿ‰¥â®“°§à“ %THD „π·µà≈–‡ø ‡∑à“°—∫ 0% ¥—ß Table

2  à«π§à“ %unbalance À≈—ß°”®—¥Œ“√å¡Õπ‘°¡’§à“‡∑à“°—∫

0% ‚¥¬°àÕπ°”®—¥Œ“√å¡Õπ‘°§à“ %unbalance ¡’§à“‡∑à“°—∫
67.80% ∑—Èßπ’È‡π◊ËÕß®“°«‘∏’ DQF ¡’°“√§”π«≥§à“°√–· 
zero sequence ´÷Ëß¡’º≈∑”„Àâ«ß®√°√Õß°”≈—ß·Õ°∑’ø©’¥
°√–· ™¥‡™¬∑’Ë “¬π‘«µ√Õ≈ (iN,APF) ∑”„Àâ°√–· „π “¬
π‘«µ√Õ≈À≈—ß°”®—¥Œ“√å¡Õπ‘° (iN,after) ¡’§à“≈¥≈ß‡ªìπ»Ÿπ¬å
®÷ß àßº≈„Àâ√–∫∫À≈—ß°“√°”®—¥Œ“√å¡Õπ‘°Õ¬Ÿà„π ¿“æ ¡¥ÿ≈
·≈–‡¡◊ËÕæ‘®“√≥“‡«≈“„π°“√≈Ÿà‡¢â“ Ÿà ¿“«–§ßµ—« æ∫«à“°“√
√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’ DQF „™â‡«≈“ª√–¡“≥
0.02 «‘π“∑’ ‚¥¬¥Ÿ‰¥â®“° Figure 15 ·≈– 16 ∑—Èßπ’È‡π◊ËÕß
®“°«‘∏’ DQF µâÕß„™â‡«≈“„π°“√°”Àπ¥ ¿“«–‡√‘Ë¡µâπ„Àâ
°—∫°“√√–∫ÿ‡Õ°≈—°…≥å  πÕ°®“°π’È‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√
§”π«≥°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’ DQF °—∫«‘∏’
SWFA  ∑’Ë· ¥ß‰«â¥—ß  Figure 12  ·≈–  9   —ß‡°µ‰¥â«à“
«‘∏’ DQF ¡’°“√§”π«≥‚¥¬„™â‡∑§π‘§ sliding window

Fourier ‡æ’¬ß 2 §√—Èß§◊Õ ∫π·°π d ·≈–·°π q ¥—ß ¡°“√
∑’Ë (23) „π¢≥–∑’Ë«‘∏’ SWFA ¡’°“√§”π«≥∂÷ß 6 §√—Èß ¥—ß
 ¡°“√∑’Ë (14) ·≈– (15) ´÷Ëß∑”„Àâ‡«≈“„π°“√§”π«≥¥â«¬
«‘∏’ SWFA „™â‡«≈“¡“°°«à“«‘∏’ DQF ·≈–∂â“„™â‡∑§π‘§°“√
‚ª√·°√¡∑’Ë„ à‡ß◊ËÕπ‰¢°“√‡∑à“°—π¢Õß°√–· ∫π·°π d ·≈–
·°π q ∑’Ë· ¥ß‰«â„πÀ—«¢âÕ∑’Ë 2.1  ”À√—∫«‘∏’ DQF  “¡“√∂
≈¥‡«≈“°“√§”π«≥‰¥âÕ’°‡™àπ°—π  ·≈–‡¡◊ËÕæ‘®“√≥“°“√
°”®—¥Œ“√å¡Õπ‘°„π°√≥’∑’Ë‚À≈¥¡’°“√‡ª≈’Ë¬π·ª≈ß„π ¿“«–
™—Ë«§√Ÿà  °“√®”≈Õß ∂“π°“√≥å‰¥â„™â√–∫∫∑’Ë¡’«ß®√‡√’¬ß
°√–· Àπ÷Ëß‡ø  “¡™ÿ¥‡ªìπ‚À≈¥‰¡à‡ªìπ‡™‘ß‡ âπ ´÷Ëßº≈°“√
®”≈Õß ∂“π°“√≥å¥—ß°≈à“«∑’Ë„™â«‘∏’ DQF  ”À√—∫√–∫ÿ
‡Õ°≈—°…≥å· ¥ß‰«â„π Figure 17 ‚¥¬®“°√Ÿª¥—ß°≈à“«
 —ß‡°µ‰¥â«à“°“√°”®—¥Œ“√å¡Õπ‘°‡ªìπ‰ªÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ
∂÷ß·¡â«à“‚À≈¥¡’°“√‡ª≈’Ë¬π·ª≈ß

°“√®”≈Õß ∂“π°“√≥å°“√°”®—¥Œ“√å¡Õπ‘°∑’Ëπ”
‡ πÕ„π∫∑§«“¡π’È „™â«‘∏’°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘° 3

«‘∏’ §◊Õ «‘∏’ DQ «‘∏’ SWFA ·≈–«‘∏’ DQF ´÷Ëß®“°º≈°“√
®”≈Õß ∂“π°“√≥åæ∫«à“ «‘∏’ DQF °—∫«‘∏’ SWFA „Àâº≈
°“√°”®—¥Œ“√å¡Õπ‘°‰¥â¥’°«à“«‘∏’ DQ ‚¥¬°”®—¥Œ“√å¡Õπ‘°
‰¥â ¡∫Ÿ√≥å·∫∫ ‚¥¬¥Ÿ‰¥â®“°§à“ %THD ¿“¬À≈—ß°”®—¥
Œ“√å¡Õπ‘°¡’§à“‡∑à“°—∫ 0% ·≈–¿“¬À≈—ß°”®—¥Œ“√å¡Õπ‘°
«‘∏’ DQF √—°…“ ¿“æ ¡¥ÿ≈‰¥â¥’∑’Ë ÿ¥„π°√≥’¡’§«“¡‰¡à
 ¡¥ÿ≈‡°‘¥¢÷Èπ„π√–∫∫ ‚¥¬¥Ÿ‰¥â®“°§à“ %unbalance ¡’§à“
‡∑à“°—∫ 0% ¿“¬À≈—ß°”®—¥Œ“√å¡Õπ‘°   „π¢≥–∑’Ë«‘∏’ DQ
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√—°…“ ¿“æ ¡¥ÿ≈‰¥â‡™àπ°—π ·µà‰¡à¥’‡∑à“°—∫«‘∏’ DQF  à«π
«‘∏’ SWFA ‰¡à “¡“√∂√—°…“ ¿“æ ¡¥ÿ≈‰¥â‡≈¬¿“¬À≈—ß
°”®—¥Œ“√å¡Õπ‘°   ®“°º≈¥—ß°≈à“«¢â“ßµâπ ∫∑§«“¡π’È‰¥â

Figure 15.  Simulation results : Load is a three-phase rectifier (DQF)

Figure 16.  Simulation results : Load is a set of three single-phase rectifiers (DQF)

°”Àπ¥‡°≥±å„π°“√™’È«—¥ ¡√√∂π–¢Õß°“√√–∫ÿ‡Õ°≈—°…≥å
Œ“√å¡Õπ‘° ‚¥¬¡’§à“ %THD ·≈–§à“ %unbalance À≈—ß
°”®—¥Œ“√å¡Õπ‘°‡ªìπµ—«∫àß™’È ‡°≥±å¥—ß°≈à“«‰¥â√—∫°“√· ¥ß
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‰«â„π Table 3   à«π Table 4 · ¥ß§ÿ≥¿“æ ¡√√∂π–
¢Õß°“√„™â«‘∏’√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°·µà≈–«‘∏’  ´÷ËßÕ“®
 √ÿª‰¥â«à“«‘∏’ DQF „Àâº≈°“√°”®—¥Œ“√å¡Õπ‘°‰¥â¥’∑’Ë ÿ¥
·≈– “¡“√∂√—°…“ ¿“æ ¡¥ÿ≈¢Õß√–∫∫ “¡‡ø ¿“¬À≈—ß
°”®—¥Œ“√å¡Õπ‘°‰¥â¥’∑’Ë ÿ¥¥â«¬

 √ÿª

∫∑§«“¡π’È‰¥âπ”‡ πÕ«‘∏’°“√√–∫ÿ‡Õ°≈—°…≥åŒ“√å-
¡Õπ‘°·∫∫„À¡à  ∑’Ë‡√’¬°«à“  «‘∏’ DQF ‡æ◊ËÕ„™âß“π√à«¡°—∫
«ß®√°√Õß°”≈—ß·Õ°∑’ø ∑’Ë°”®—¥Œ“√å¡Õπ‘°∑—ÈßÀ¡¥„π√–∫∫

Table 4. Harmonic identification performance for each method

DQ SWFA DQF
condition

effectiveness of harmonic compensation

balance load good very good very good
unbalance load good very good very good

condition balancing performance after harmonic compensation

balance load good very good very good
unbalance load good poor very good

Table 3. Performance criterion for harmonic identification

criterion %THD %Unbalance

very good THD = 0% Unbalance = 0%
good 0% < THD < 5% 0% < Unbalance < 5%
poor THD > 5% Unbalance > 5%

Figure 17.  Simulation results : Sudden load changing (DQF)
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º≈°“√§”π«≥„π√“¬≈–‡Õ’¬¥‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ ¡√√∂π–
„π°“√°”®—¥Œ“√å¡Õπ‘°„π√–∫∫ “¡‡ø  ’Ë “¬¥â«¬µ—«°√Õß
°”≈—ß·Õ°∑’ø ∑’Ë¡’°“√„™â«‘∏’√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘°¥â«¬«‘∏’
DQ SWFA  ·≈–  DQF  ∫àß∫Õ°«à“  «‘∏’  DQF  ·≈–«‘∏’
SWFA °”®—¥Œ“√å¡Õπ‘°‰¥â¥’∑’Ë ÿ¥  ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’
DQ §◊Õ  “¡“√∂°”®—¥Œ“√å¡Õπ‘°‰¥âÕ¬à“ß ¡∫Ÿ√≥å·∫∫ ·µà
‡¡◊ËÕæ‘®“√≥“§«“¡ ¡¥ÿ≈À≈—ß°”®—¥Œ“√å¡Õπ‘° æ∫«à“ «‘∏’
SWFA ‰¡à “¡“√∂√—°…“ ¿“æ ¡¥ÿ≈„π√–∫∫‰«â‰¥â  „π
¢≥–∑’Ë«‘∏’ DQ ·≈–«‘∏’ DQF  “¡“√∂√—°…“ ¿“æ ¡¥ÿ≈‰«â
‰¥â  ‚¥¬«‘∏’ DQF √—°…“ ¿“æ ¡¥ÿ≈À≈—ß°”®—¥Œ“√å¡Õπ‘°
‰¥â¥’∑’Ë ÿ¥  ‚¥¬¥Ÿ®“°§à“  %unbalance  ¡’§à“‡∑à“°—∫  0%

πÕ°®“°π’È„π∫∑§«“¡‰¥âπ”‡ πÕ«‘∏’°“√§”π«≥ ”À√—∫
√–∫ÿ‡Õ°≈—°…≥åŒ“√å¡Õπ‘° ¥â«¬«‘∏’ DQF ∑’Ë√«¥‡√Á«¢÷Èπ ‚¥¬
¡’°“√‡æ‘Ë¡‡ß◊ËÕπ‰¢‡æ◊ËÕµ√«® Õ∫¢âÕ¡Ÿ≈§à“°√–· ∫π·°π
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