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Abstract
In the wind energy conversion system, a variable speed wind turbine generator

converts the mechanical energy into electrical energy. As the voltage and frequency

of the generator output vary along the wind speed change, a conventional DC-DC

boost converter is employed to maintain a constant dc-bus voltage. Through the input

dc current is regulated to follow the optimized current reference, according to a

randomized wind speed pattern and aerodynamic characteristic of wind turbine

blades. A line side Space-Vector PWM inverter supplies current into utility line by

regulating the dc-bus voltage and the power factor of the inverter can be controlled

by regulating d-axis current. Besides, the phase angle of dq-axis current and utility

voltage are detected using a phase locked loop (PLL) in dq synchronous reference

frame. In order to obtain the promising advantages of DC-DC boost converter such as

reduced conduction losses, increase the power processing capability and ripple

cancellation of output waveform, an interleaved dual boost converter operating in

discontinuous mode (DCM) is adopted, which brings the grid connected  AC-DC-AC

power converter a higher efficiency. Experimental results of an interleaved dual boost

converter and simulation results of the proposed power converter for variable speed

wind turbine generator are presented to validate the feasibility of increasing

performance of this wind energy conversion system.

Keywords : Variable speed wind turbine generator,  Interleaved dual boost converter
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1. ∫∑π”
æ≈—ßß“π§◊Õ  ‘Ëß∑’Ë®”‡ªìπ∑’Ë ÿ¥ª√–°“√Àπ÷Ëß

 ”À√—∫°“√¥”√ß™’æ¢Õß¡πÿ…¬å„π¬ÿ§ªí®®ÿ∫—π

°“√„™âæ≈—ßß“π®“°°“√‡º“‰À¡âπÈ”¡—π‡™◊ÈÕ‡æ≈‘ß

‰¥â àßº≈°√–∑∫μàÕ ¿“æ·«¥≈âÕ¡¢Õß‚≈°Õ¬à“ß

√ÿπ·√ß·≈–μàÕ‡π◊ËÕß‡ªìπ‡«≈“π“π ¥—ßπ—Èπ°“√„™â

æ≈—ßß“π®“°∏√√¡™“μ‘∑’Ë “¡“√∂‡°‘¥¢÷Èπ„À¡à‰¥â

∂◊Õ‡ªìπÕ’°Àπ÷Ëß·π«∑“ß„π°“√·°âªí≠À“ ‘Ëß·«¥≈âÕ¡

 ¿“«–‚≈°√âÕπ ·≈–«‘°ƒμ°“√¢“¥·§≈π

æ≈—ßß“π¢Õß‚≈°

§«“¡°â“«Àπâ“∑“ß‡∑§‚π‚≈¬’¢Õß‡§√◊ËÕß

°”‡π‘¥‰øøÑ“°—ßÀ—π≈¡§«“¡‡√Á«·ª√º—π®”π«π

¡“°‰¥â∂Ÿ°π”‡ πÕ ∂à“¬∑Õ¥ ·≈–æ—≤π“Õ¬à“ß

μàÕ‡π◊ËÕß¡“‚¥¬μ≈Õ¥ π—∫μ—Èß·μàμâπ∑»«√√…∑’Ë¬’Ë ‘∫

∫πæ◊Èπ∞“π§«“¡√Ÿâ∑“ß°“√¢—∫‡§≈◊ËÕπ‰øøÑ“¢—Èπ Ÿß

¢Õß‡§√◊ËÕß®—°√°≈‰øøÑ“‡Àπ’Ë¬«π”·≈–‡§√◊ËÕß®—°√-

°≈‰øøÑ“´‘ß‚§√π—  ‚¥¬‰¥â √â“ß¡ÿ¡¡Õß„À¡à∑’Ëπà“

 π„®·≈–‰¥â√—∫°“√¬Õ¡√—∫Õ¬à“ß°«â“ß¢«“ß®“°

π—°«‘®—¬∑—Ë«‚≈° ∂÷ß§«“¡§ÿâ¡§à“„π°“√≈ß∑ÿπ‡æ◊ËÕ

æ—≤π“°“√«‘®—¬

∂â“‰¡àπ—∫√«¡æ≈—ßß“π≈¡∑’Ë§«“¡‡√Á«≈¡μË”

(ª√–¡“≥ 20% ¢Õßæ≈—ßß“π≈¡μ“¡∑ƒ…Æ’) ÷́Ëß

‰¡à “¡“√∂º≈‘μæ≈—ßß“π‰øøÑ“‰¥â ”À√—∫‡§√◊ËÕß

°”‡π‘¥‰øøÑ“°—ßÀ—π≈¡§«“¡‡√Á«§ß∑’Ë (Fixed speed

wind turbine generator) μâπ∑ÿπμàÕ°‘‚≈«—μμå

¢Õß°“√º≈‘μ°√–· ‰øøÑ“®“°°—ßÀ—π≈¡§«“¡‡√Á«

§ß∑’Ë ¬—ß∂◊Õ«à“∂Ÿ°°«à“μâπ∑ÿπ¢Õß°“√º≈‘μ°√–· 

‰øøÑ“®“°πÈ”¡—π‡™◊ÈÕ‡æ≈‘ß ·≈–‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß

∂Ÿ°°«à“°“√º≈‘μ°√–· ‰øøÑ“®“°‡´≈≈å ÿ√‘¬–‡ªìπ

Õ¬à“ß¡“° ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫∑’Ë»—°¬¿“æ¢Õß·À≈àß

æ≈—ßß“π≈¡·≈–æ≈—ßß“π· ßÕ“∑‘μ¬å∑’Ë¡’§à“‡∑à“°—π

‡æ√“–©–π—Èπ°“√«‘®—¬°“√º≈‘μ°√–· ‰øøÑ“®“°

‡§√◊ËÕß°”‡π‘¥‰øøÑ“°—ßÀ—π≈¡·ª√º—π∑’Ë§«“¡‡√Á«≈¡

μË” ®÷ß‡ªìπ°“√‡æ‘Ë¡§«“¡ “¡“√∂„π°“√º≈‘μ

°√–· ‰øøÑ“¢Õß√–∫∫¥—ß°≈à“«„Àâ¡“°¢÷Èπ ´÷Ëß¢÷Èπ

Õ¬Ÿà°—∫À≈“¬ªí®®—¬ ‡™àπ °“√§«∫§ÿ¡§Õπ‡«Õ√å‡μÕ√å

°”≈—ß §ÿ≥¿“æ¢Õß°”≈—ß‰øøÑ“ ‡ ∂’¬√¿“æ√–∫∫

‰øøÑ“ √–∫∫∑“ß°≈¢Õß°—ßÀ—π≈¡ ·≈–‡ªìπ

ª√–‡¥Áπ∑’Ë ”§—≠Õ’°‡√◊ËÕßÀπ÷Ëß´÷Ëß‰¥â√—∫§«“¡ π„®

Õ¬à“ß¡“°®“°π—°«‘®—¬∑—Ë«‚≈°„πªí®®ÿ∫—π [1],[4]

Õ¬à“ß‰√°Áμ“¡ ªí≠À“À≈—°∑’Ë‡°‘¥¢÷Èπ°—∫

§Õπ‡«Õ√å‡μÕ√å°”≈—ß°√≥’∑’Ë·√ß¥—π¥’´’≈‘ß§å§ß∑’Ë

(„™âß“π√à«¡°—∫§Õπ‡«Õ√å‡μÕ√å¬°√–¥—∫∑—Ë«‰ª) §◊Õ

°“√ Ÿ≠‡ ’¬æ≈—ßß“π‰øøÑ“„π√Ÿª¢Õß§«“¡√âÕπ

§√àÕ¡∑’ËÕÿª°√≥å «‘μ™åÕ‘‡≈Á°∑√Õπ‘° å°”≈—ßÀ√◊Õ

°“√ Ÿ≠‡ ’¬®“°°“√π”°√–·  (Conduction

losses) ¢ÕßÕÿª°√≥å «‘μ™åÕ‘‡≈Á°∑√Õπ‘° å°”≈—ß

´÷Ëß¡’§à“·ª√º—πμ√ß°—∫æ‘°—¥°”≈—ß·≈–§«“¡∂’Ë¢Õß

°“√ «‘μ™åÕÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° å°”≈—ß ·≈–¡’§à“

¡“°°«à“ 4 ‡ªÕ√å‡´Áπμåμ≈Õ¥™à«ß°“√∑”ß“π‡μÁ¡

æ‘°—¥ [3],[5]

¥—ßπ—Èπß“π«‘®—¬§√—Èßπ’È®÷ß‰¥â·°âªí≠À“¥—ß°≈à“«

‚¥¬π”§Õπ‡«Õ√å‡μÕ√å¬°·√ß¥—π§Ÿà·∫∫Õ‘π‡μÕ√å≈’ø

[5],[9] ∑”ß“π„π‚À¡¥°√–· ‰¡àμàÕ‡π◊ËÕß (Discon-

tinuous conducting mode) ‡æ◊ËÕ¬°√–¥—∫

·√ß¥—π∫— °√–· μ√ß„Àâ‡æ‘Ë¡¢÷Èπ‚¥¬Õ“»—¬°“√

§«∫§ÿ¡§à“°√–· μ√ß¥â“πÕ‘πæÿμ „Àâ§ß∑’Ëμ“¡§à“

°√–· Õâ“ßÕ‘ß∑’Ë‡À¡“– ¡∑’Ë ÿ¥·≈– Õ¥§≈âÕß°—∫

®ÿ¥°”≈—ß Ÿß ÿ¥¢Õß°—ßÀ—π≈¡ „π¢≥–∑’ËÕ‘π‡«Õ√å‡μÕ√å

°”≈— ß “¡ ‡ø ∑”Àπâ “∑’Ë §«∫§ÿ¡·√ß¥—π∫—  

°√–· μ√ß„Àâ§ß∑’Ë ·≈–§«∫§ÿ¡°“√®à“¬æ≈—ßß“π

‰øøÑ“´÷Ëß‡™◊ËÕ¡μàÕ√–∫∫ “¬ àß ¥—ß· ¥ß„π√Ÿª∑’Ë 1

√Ÿª∑’Ë 1 °“√‡™◊ËÕ¡μàÕ§Õπ‡«Õ√å‡μÕ√å°”≈—ß ”À√—∫

‡§√◊ËÕß°”‡π‘¥‰øøÑ“°—ßÀ—π≈¡§«“¡‡√Á«

·ª√º—π
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2. «ß®√·≈–°“√§«∫§ÿ¡¢Õß§Õπ‡«Õ√å‡μÕ√å
¬°·√ß¥—π§Ÿà·∫∫Õ‘π‡μÕ√å≈’ø

√Ÿª·∫∫¢Õß§Õπ‡«Õ√å ‡μÕ√å¬°·√ß¥—π§Ÿà

·∫∫Õ‘π‡μÕ√å≈’ø  §◊Õ  ·π«∑“ß·°âªí≠À“°“√

 Ÿ≠‡ ’¬æ≈—ßß“π∑’Ë «‘μ™åÕ‘‡≈Á°∑√Õπ‘° å°”≈—ß¢Õß

§Õπ‡«Õ√å‡μÕ√å¬°√–¥—∫∑—Ë«‰ª ÷́Ëß‰¥â√—∫§«“¡ π„®

¡“°∑’Ë ÿ¥ ‡π◊ËÕß®“°¢âÕ‰¥â‡ª√’¬∫¢Õßμ—«‡Àπ’Ë¬«π”

§Ÿà§«∫ (Coupled inductor) ∑”„Àâ§Õπ‡«Õ√å‡μÕ√å

¬°·√ß¥—π·∫∫Õ‘π‡μÕ√å≈’ø∑—Èß Õß™ÿ¥ “¡“√∂

∑”ß“πæ√âÕ¡°—π„π‚À¡¥°“√π”°√–· μàÕ‡π◊ËÕß

(Continuous conducting mode) ‰¥â ‚¥¬∑’Ë

 «‘μ™åÕ‘‡≈Á°∑√Õπ‘° å°”≈—ßμ—«À≈—°∑—Èß Õß¢Õß§Õπ-

‡«Õ√å‡μÕ√å¬°√–¥—∫·√ß¥—π§Ÿà·∫∫Õ‘π‡μÕ√å≈’ø ¬—ß§ß

 “¡“√∂∑”ß“π„π‚À¡¥°“√π”°√–· ‰¡àμàÕ‡π◊ËÕß

‰¥âμ“¡ª°μ‘ (‚¥¬ ≈—∫°—π∑”ß“π„π™à«ß‡«≈“

‡¥’¬«°—π) ®÷ß “¡“√∂≈¥°“√ Ÿ≠‡ ’¬®“°°“√

 «‘μ™å™‘ß‰¥â‡ªìπÕ¬à“ß¥’ [5],[9] ·≈– “¡“√∂≈¥°“√

 Ÿ≠‡ ’¬∑’Ë‡°‘¥¢÷Èπ„π·°π‡À≈Á°¢Õßμ—«‡Àπ’Ë¬«π”§Ÿà§«∫

‰¥â (´÷Ëß‡ªìπº≈¡“®“°°“√≈¥≈ß¢Õß¢π“¥μ—«

‡Àπ’Ë¬«π”§Ÿà§«∫)  πÕ°®“°π’È¬—ß “¡“√∂™à«¬¢®—¥

ªí≠À“°“√°√–‡æ◊ËÕ¡ (Ripple) ¢Õß√Ÿª§≈◊ËπÕ‘πæÿμ

·≈–‡Õ“∑åæÿμ ¥—ß· ¥ß„π√Ÿª∑’Ë 2

§«“¡‡Àπ’Ë¬«π” L1 ·≈– L2 æ—π¥â«¬≈«¥

μ—«π”„π∑‘»∑“ß‡¥’¬«°—π ∫π·°π‡¥’¬«°—π‡æ◊ËÕ„Àâ

‡°‘¥§«“¡‡Àπ’Ë¬«π”√à«¡ Lm ‚¥¬Õ∏‘∫“¬§«“¡

 —¡æ—π∏å¢Õß§«“¡‡Àπ’Ë¬«π”¥—ß°≈à“«‰¥â¥—ßπ’È

           (1)

           (2)

           (3)

‚¥¬

L1, L2 §◊Õ §à“¢Õßμ—«‡Àπ’Ë¬«π” [H]

k §◊Õ  —¡ª√– ‘∑∏‘Ï°“√‡™◊ËÕ¡μàÕ

L1, L2 §◊Õ §à“§«“¡√—Ë«‰À≈¢Õßμ—«‡Àπ’Ë¬«π” [H]

Lm §◊Õ §à“§«“¡‡Àπ’Ë¬«π”√à«¡ [H]

‡¡◊ËÕ·μà≈–§Õπ‡«Õ√å‡μÕ√å¬°·√ß¥—π·∫∫

Õ‘π‡μÕ√å≈’ø∑”ß“π„π‚À¡¥°“√π”°√–· ‰¡àμàÕ‡π◊ËÕß

®–∑”„Àâ‡°‘¥¢—ÈπμÕπ°“√∑”ß“π¬àÕ¬∑’Ë·μ°μà“ß°—π

¢Õß§Õπ‡«Õ√å‡μÕ√å¬°·√ß¥—π§Ÿà·∫∫Õ‘π‡μÕ√å≈’ø

À°¢—ÈπμÕπ„πÀπ÷Ëß√Õ∫°“√∑”ß“π (T)  √â“ß√Ÿª

§≈◊Ëπ°√–· ¥â“π‡Õ“∑åæÿμ∑’ËμàÕ‡π◊ËÕß¥—ß· ¥ß„π√Ÿª∑’Ë

3 ‚¥¬Õ∏‘∫“¬§«“¡ —¡æ—π∏å¢Õß·μà≈–¢—ÈπμÕπ¢Õß

Àπ÷Ëß√Õ∫°“√∑”ß“π‰¥â¥—ßπ’È

¢—ÈπμÕπ∑’Ë 1  ™à«ß‡«≈“  t0 – t1 :

SW1 ªî¥  SW2 ‡ªî¥ L1 ‡√‘Ë¡ª√–®ÿ L2 ‡√‘Ë¡À¬ÿ¥

§“¬ª√–®ÿ Õ∏‘∫“¬Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß iL2 ‰¥â

¥—ßπ’È

           (4)

¢—ÈπμÕπ∑’Ë 2  ™à«ß‡«≈“  t1 – t2 :

SW1 ªî¥  SW2 ‡ªî¥ L1 °”≈—ßª√–®ÿ L2 À¬ÿ¥§“¬

ª√–®ÿ Õ∏‘∫“¬Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß iL1 ‰¥â¥—ßπ’È

√Ÿª∑’Ë 2 §Õπ‡«Õ√å‡μÕ√å¬°·√ß¥—π§Ÿà·∫∫

Õ‘π‡μÕ√å≈’ø ª√–°Õ∫¥â«¬§Õπ‡«Õ√å‡μÕ√å

¬°·√ß¥—π·∫∫Õ‘π‡μÕ√å≈’ø Õß™ÿ¥·≈–

μ—«‡Àπ’Ë¬«π”§Ÿà§«∫Àπ÷Ëß™ÿ¥∑’Ë„™â√à«¡°—π
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           (5)

¢—ÈπμÕπ∑’Ë 3  ™à«ß‡«≈“  t2 – t3 :

SW1 ‡ªî¥ SW2  ‡ªî¥ L1 ‡√‘Ë¡§“¬ª√–®ÿ L2 À¬ÿ¥§“¬

ª√–®ÿ Õ∏‘∫“¬Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß iL1 ‰¥â¥—ßπ’È

                         (6)

¢—ÈπμÕπ∑’Ë 4  ™à«ß‡«≈“  t3 – t4 :

SW1 ‡ªî¥ SW2 ªî¥ L1 ‡√‘Ë¡À¬ÿ¥§“¬ª√–®ÿ L2 ‡√‘Ë¡

ª√–®ÿ Õ∏‘∫“¬Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß iL1 ‰¥â¥—ßπ’È

                         (7)

¢—ÈπμÕπ∑’Ë 5  ™à«ß‡«≈“  t4 – t5 :

SW1 ‡ªî¥ SW2 ªî¥ L1 À¬ÿ¥§“¬ª√–®ÿ L2 °”≈—ß

ª√–®ÿ Õ∏‘∫“¬Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß iL2 ‰¥â¥—ßπ’È

                                        (8)

¢—ÈπμÕπ∑’Ë 6  ™à«ß‡«≈“  t5 – t6 :

SW1 ‡ªî¥ SW2 ªî¥ L1 À¬ÿ¥§“¬ª√–®ÿ L2 ‡√‘Ë¡

§“¬ª√–®ÿ  Õ∏‘∫“¬°“√Õ—μ√“°“√‡ª≈’Ë¬π·ª≈ß iL2

‰¥â¥—ßπ’È

                                (9)

§«“¡ —¡æ—π∏å¢Õß·√ß¥—π‡Õ“∑åæÿμ (V0) ·√ß

¥—πÕ‘πæÿμ (Vi)  “¡“√∂Õ∏‘∫“¬‰¥âßà“¬¢÷Èπ‡¡◊ËÕ°”Àπ¥

D1 = D, D2 = D + δD, L1 = L2 = L ·≈– L´1 =

L´2 = (1-k)L ‚¥¬ D1 ·≈– D2 §◊Õ Õ—μ√“ à«π

‡«≈“°“√∑”ß“πμàÕ§“∫°“√∑”ß“π∑—ÈßÀ¡¥ (Duty

cycle) ¢Õß «‘μ™å SW1 ·≈– SW2 μ“¡≈”¥—∫

·≈–§◊Õº≈μà“ß‡«≈“¢Õß D1 ·≈– D2 ¥—ßπ—Èπ

„™âß“π°—∫¿“√–‚À≈¥ RL ∑’Ë¡’‡ß◊ËÕπ‰¢§◊Õ

(11)

∂â“∫—ß§—∫„Àâ δD<< 2D ·≈â«º≈μà“ß¢Õß iL1 ·≈–

iL2 §◊Õ

                                             (12)

(10)

æ‘®“√≥“ ¡°“√∑’Ë (10) ∂÷ß (12) ®ÿ¥°“√

∑”ß“π∑’Ë¥’∑’Ë ÿ¥¢Õß§Õπ‡«Õ√å‡μÕ√å¬°·√ß¥—π§Ÿà

·∫∫Õ‘π‡μÕ√å≈’ø §◊Õ V0 = 2Vi ·≈– iL1 – iL2 = 0

∑—ÈßÀ¡¥®–‡ªìπ®√‘ß‡¡◊ËÕ D = 0.25  ‡∑à“π—Èπ[7],[9]

√Ÿª∑’Ë 3 √Ÿª§≈◊Ëπ°√–· ¢Õß§Õπ‡«Õ√å‡μÕ√å¬°

·√ß¥—π§Ÿà·∫∫Õ‘π‡μÕ√å≈’ø (°) °√–· ¥â“π

‡Õ“∑åæÿμ (¢) °√–· Õ‘πæÿμ§Õπ‡«Õ√å-

‡μÕ√å·μà≈–™ÿ¥

L1 i

L1 0 i

L1 0

L2 i

L2 0 i
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3. º≈°“√∑¥≈Õß§Õπ‡«Õ√å‡μÕ√å
¬°·√ß¥—π§Ÿà·∫∫Õ‘π‡μÕ√å≈’ø
«ß®√μâπ·∫∫§Õπ‡«Õ√å‡μÕ√å¬°·√ß¥—π·∫∫

Õ‘π‡μÕ√å≈’ø‡ªìπ¥—ß· ¥ß„π√Ÿª∑’Ë 2 √“¬≈–‡Õ’¬¥

¢ÕßÕÿª°√≥å¿“§Õ‘‡≈Á°∑√Õπ‘° å°”≈—ß §◊Õ

1. §à“μ—«‡°Á∫ª√–®ÿ (§«“¡∂’Ë Ÿß) §”π«≥

®“°§à“Õ—μ√“°“√°√–‡æ◊ËÕ¡¢Õß√Ÿª§≈◊Ëπ¥â“π

‡Õ“∑åæÿμ∑’Ë 0.01% ‚¥¬ D §◊Õ Õ—μ√“ à«π‡«≈“

°“√∑”ß“πμàÕ§“∫°“√∑”ß“π∑—ÈßÀ¡¥‡©≈’Ë¬¢Õß

 «‘μ™å  ·≈– V0 §◊Õ ·√ß¥—π§√àÕ¡μ—«‡°Á∫ª√–®ÿ

2. μ—«‡Àπ’Ë¬«π”§Ÿà§«∫ §”π«≥®“°

μ—«‡Àπ’Ë¬«π”§à“πâÕ¬∑’Ë ÿ¥¢Õß§Õπ‡«Õ√å‡μÕ√å¬°

·√ß¥—π∑—Ë«‰ª „π‚À¡¥°√–· μàÕ‡π◊ËÕß ∫π·°π

‡∑Õ√Õ¬¥å Micrometals (T520-40D) ‚¥¬ f §◊Õ

§«“¡∂’Ë «‘μ™å™‘ß ·≈– RL §◊Õ §«“¡μâ“π∑“π‚À≈¥

3.  «‘μ™å°”≈—ß „™â‰Õ®’∫’∑’ (IGBT) ‡∫Õ√å

HGTG20N60B3D æ‘°—¥°”≈—ß 600 ‚«≈μå 40

·Õ¡·ª√å

4. ‰¥‚Õ¥°”≈—ß „™â‰¥‚Õ¥°”≈—ß‡∫Õ√å MUR

1560 (Fast recovery time) æ‘°—¥°”≈—ß 600

‚«≈μå 15 ·Õ¡·ª√å

5. «ß®√¢—∫¢“‡°μ (Gate drive circuit)

„™â‰Õ ’́‡∫Õ√å IRF 2113 √à«¡°—∫‰Õ ’́ÕÕª‚μ§—ª‡ªÕ√å

‡∫Õ√å 4N25

°“√∑¥ Õ∫À“§«“¡ —¡æ—π∏å¢ÕßÕ—μ√“ à«π

‡«≈“°“√∑”ß“πμàÕ§“∫°“√∑”ß“π∑—ÈßÀ¡¥ (D) °—∫

·√ß¥—π‡Õ“∑åæÿμ (Vo) ‡¡◊ËÕ„™â·√ß¥—πÕ‘πæÿμ Vi =

15VDC ·≈–§«“¡μâ“π∑“π RL = 1kΩ · ¥ß

¥—ßμ“√“ß∑’Ë 1

Duty
Cycle        

·√ß¥—π‡Õ“∑åæÿμ : (Vo)

(D1,D2) §à“∑’Ë§”π«≥ ∑’Ë 11kHz ∑’Ë 30kHz ∑’Ë 56.8kHz

0% 15 14.53 14.53 14.53
10% 18.75 26.59 25.17 19.15
20% 25 28.07 35.91 37.15
30% 37.5 29.06 38.95 49.3
40% 75 29.21 37.20 46.1

μ“√“ß∑’Ë 1 ·√ß¥—π‡Õ“∑åæÿμ∑’Ë§«“¡∂’Ë «‘μ™å™‘ß

μà“ßÊ ®“°°“√∑¥≈Õß

√Ÿª∑’Ë 4 §«“¡ —¡æ—π∏å¢ÕßÕ—μ√“ à«π‡«≈“°“√

∑”ß“πμàÕ§“∫°“√∑”ß“π∑—ÈßÀ¡¥ (D)

°—∫·√ß¥—π‡Õ“∑åæÿμ (Vo) ∑’Ë§«“¡∂’Ë

 «‘μ™‘ß§à“μà“ßÊ

√Ÿª∑’Ë 5 ¢≥–§Õπ‡«Õ√å‡μÕ√å¬°·√ß¥—π§Ÿà·∫∫

Õ‘π‡μÕ√å≈’ø ≥ ®ÿ¥∑”ß“π∑’Ë¥’ (1)  —≠≠“≥

§«∫§ÿ¡ SW1 (2) √Ÿª§≈◊Ëπ¢Õß°√–·  ii

0

0
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®“°√Ÿª∑’Ë 4 ‡¡◊ËÕ‡æ‘Ë¡§«“¡∂’Ë„π°“√ «‘μ™‘ß

„Àâ°—∫§Õπ‡«Õ√å‡μÕ√å¬°·√ß¥—π§Ÿà·∫∫Õ‘π‡μÕ√å≈’ø

®–‡ÀÁπ‰¥â«à“∑’Ë§«“¡∂’Ë «‘μ™‘ßμË”Ê Õ—μ√“¢¬“¬

·√ß¥—π (Vo/Vi) ®–μË”°«à“∑’Ë§«“¡∂’Ë «‘μ™‘ß§à“ Ÿß

πÕ°®“°π—Èπ‡¡◊ËÕ§à“Õ—μ√“ à«π‡«≈“°“√∑”ß“πμàÕ

§“∫°“√∑”ß“π∑—ÈßÀ¡¥‡æ‘Ë¡¢÷Èπ·≈â« Õ—μ√“¢¬“¬

·√ß¥—π®–≈¥≈ß ¢Õ∫‡¢μ°“√∑”ß“π∑’Ë¥’®÷ß¡’§à“

D ≤ 0.4  √ÿª‰¥â«à“®ÿ¥°“√∑”ß“π∑’Ë¥’·≈– Õ¥§≈âÕß

°—∫∑ƒ…Æ’ §◊Õ ‡≈◊Õ°„™â D  = 0.25 ·≈– f  = 11kHz

‡æ√“–∑”„Àâ V0 / Vi = 2 ´÷Ëß¡“°∑’Ë ÿ¥ ·≈–°“√

 Ÿ≠‡ ’¬æ≈—ßß“π∑’Ë «‘μ™åÕ‘‡≈Á°∑√Õπ‘° å°”≈—ßμË”∑’Ë ÿ¥

 Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß®√‘ß¥—ß· ¥ß„π√Ÿª∑’Ë 5

(∂â“§«“¡∂’Ë «‘μ™‘ß‡æ‘Ë¡¢÷Èπ·≈â« °“√ Ÿ≠‡ ’¬

æ≈—ßß“π∑’Ë «‘μ™å®–‡æ‘Ë¡¢÷Èπ ª√– ‘∑∏‘¿“æ¢Õß

√–∫∫μË”≈ß)

4. §Õπ‡«Õ√å‡μÕ√å°”≈—ß·≈–°“√§«∫§ÿ¡
‡§√◊ËÕß°”‡π‘¥‰øøÑ“°—ßÀ—π≈¡§«“¡‡√Á«
·ª√º—π
°≈à“«‚¥¬ √ÿª «ß®√°”≈—ß·≈–·ºπº—ß√–∫∫

§«∫§ÿ¡‚¥¬ —ß‡¢ª∑—ÈßÀ¡¥¢Õß§Õπ‡«Õ√å‡μÕ√å

°”≈—ß ”À√—∫‡§√◊ËÕß°”‡π‘¥‰øøÑ“°—ßÀ—π≈¡§«“¡‡√Á«

·ª√º—π„πß“π«‘®—¬π’È  “¡“√∂· ¥ß‰¥â¥—ß√Ÿª∑’Ë 6

ª√–°Õ∫¥â«¬§Õπ‡«Õ√å‡μÕ√å¬°·√ß¥—π§Ÿà·∫∫Õ‘π‡μÕ√å

≈’ø´÷Ëß¡’Àπâ“∑’Ë√—°…“°√–· Õ‘πæÿμ„Àâ§ß∑’Ë ‚¥¬

„™â°√–· Õâ“ßÕ‘ß∑’Ë Õ¥§≈âÕß°—∫®ÿ¥°”≈—ß Ÿß ÿ¥

¢Õß°—ßÀ—π μ≈Õ¥™à«ß°“√∑”ß“π∑’Ë°«â“ß¢Õß

‡§√◊ËÕß°”‡π‘¥‰øøÑ“´‘ß‚§√π— ·¡à‡À≈Á°∂“«√ (Per-

manent magnet synchronous generator,

PMSG)

Õ‘π‡«Õ√å‡μÕ√å¥â“π°”≈—ß∑’Ë¡Õ¥Ÿ‡≈μ™—π·∫∫

 ‡ª´‡«°‡μÕ√åªÑÕπ°√–·  ≈—∫ Ÿà√–∫∫ “¬ àß°“√

‰øøÑ“‚¥¬°“√§«∫§ÿ¡·√ß¥—π∫— °√–· μ√ß ·≈–

Õß§åª√–°Õ∫°”≈—ß (cosθ) ¢ÕßÕ‘π‡«Õ√å‡μÕ√å´÷Ëß

 “¡“√∂§«∫§ÿ¡‰¥â‚¥¬°“√°”Àπ¥§à“°√–· „π

·°π¥’ (Direct axis current, id) ‚¥¬Õ∏‘∫“¬

À≈—°°“√§«∫§ÿ¡æ◊Èπ∞“π¢ÕßÕ‘π‡«Õ√å‡μÕ√å°”≈—ß∑’Ë

∂Ÿ°π”‡ πÕ®“° ¡°“√·√ß¥—π [8] ¥—ßπ’È

         (13)

                                     (14)

         (15)

‚¥¬

ω §◊Õ §«“¡‡√Á«‡™‘ß¡ÿ¡¢Õßæ‘°—¥Õâ“ßÕ‘ßÀ¡ÿπ

[rad/s]

id,iq §◊Õ °√–· ·°π¥’§‘« ∫πæ‘°—¥Õâ“ßÕ‘ßÀ¡ÿπ [A]

Vd,Vq §◊Õ ·√ß¥—π·°π¥’§‘« ∫πæ‘°—¥Õâ“ßÕ‘ßÀ¡ÿπ [V]

Eq §◊Õ ·√ß¥—π√–∫∫ “¬ àß·°π§‘« [V]

Pin §◊Õ °”≈—ß∑’Ë‰¥â√—∫®“°æ≈—ßß“π≈¡ [W]

Pout §◊Õ °”≈—ß∑’ËÕ‘π‡«Õ√å‡μÕ√å®à“¬ Ÿà√–∫∫‰øøÑ“ [W]

®“° ¡°“√∑’Ë (13) ∂÷ß (15)  “¡“√∂‡¢’¬π

·ºπº—ß√–∫∫§«∫§ÿ¡¢ÕßÕ‘π‡«Õ√å‡μÕ√å¥â“π°”≈—ß

¥—ß°≈à“«¥—ß· ¥ß„π√Ÿª∑’Ë 7 μ—«§«∫§ÿ¡·√ß¥—π

∫— °√–· μ√ß·∫∫æ’‰Õ (Proportional-Integral)

√—°…“°”≈—ß‰øøÑ“∑’Ë‰À≈ºà“π∫— °√–· μ√ß (Dc

-bus) „Àâ ¡¥ÿ≈ ÷́Ëß àßº≈‚¥¬μ√ß°—∫°“√®à“¬

°”≈—ß‰øøÑ“®√‘ß Ÿà√–∫∫ “¬ àß°“√‰øøÑ“ ·≈–°“√

§«∫§ÿ¡°√–· «ß√Õ∫„πμâÕß∑”ß“π„Àâ‰¥â√«¥‡√Á«

°«à“«ß√Õ∫πÕ°¢Õß·√ß¥—π ‡æ√“–μâÕß∑”ß“π
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∫πæ‘°—¥Õâ“ßÕ‘ß ‘́ß‚§√π— ·∫∫·°π¥’·≈–·°π§‘«

(dq synchronous reference frame) æ√âÕ¡

∑—ÈßμâÕß§Õ¬™¥‡™¬·√ß¥—π¬âÕπ°—∫ (Back emf)

„Àâ‡À¡“– ¡

√Ÿª∑’Ë 6  §Õπ‡«Õ√å‡μÕ√å°”≈—ß·≈–°“√§«∫§ÿ¡‡§√◊ËÕß°”‡π‘¥‰øøÑ“°—ßÀ—π≈¡§«“¡‡√Á«·ª√º—π„πß“π«‘®—¬

√Ÿª∑’Ë 7 ·ºπº— ß √ – ∫∫§ «∫§ÿ ¡ · √ ß ¥— π ∫—  

°√–· μ√ßÕ‘π‡«Õ√å‡μÕ√å¥â“π°”≈—ß

πÕ°®“°π’È °”≈—ß‰øøÑ“√’·Õ§∑’ø (Reactive

power)  “¡“√∂§«∫§ÿ¡¥â«¬°√–· „π·°π§‘«

(Quadrature axis current, iq) ∑—ÈßÀ¡¥Õ“»—¬

¡ÿ¡‡ø ¢Õß·√ß¥—π√–∫∫ “¬ àß°“√‰øøÑ“ §”π«≥

‰¥â®“°‡∑§π‘§‡ø ≈ÁÕ°≈Ÿª (Phase Locked

Loop)[2] ‚¥¬μ√«®®—∫§«“¡‡√Á«‡™‘ß¡ÿ¡¢Õß

°√–· „π·°π¥’·≈–·°π§‘«∫πæ‘°—¥Õâ“ßÕ‘ßÀ¡ÿπ

·≈–∫—ß§—∫ Ed ¡’§à“‡¢â“ Ÿà»Ÿπ¬å‡¡◊ËÕ “¡“√∂μ√«®

«—¥§à“¡ÿ¡‡ø ª√–¡“≥   ‰¥â„°≈â‡§’¬ß°—∫§à“

¡ÿ¡‡ø ®√‘ß     μ“¡§«“¡ —¡æ—π∏å §◊Õ
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‚¥¬

Vph §◊Õ ·√ß¥—π‡ø ¢Õß√–∫∫ “¬ àß [V]

ω §◊Õ §«“¡‡√Á«‡™‘ß¡ÿ¡§à“ª√–¡“≥ [rad/s]

5. º≈°“√®”≈Õß§Õπ‡«Õ√å‡μÕ√å°”≈—ß¢Õß
‡§√◊ËÕß°”‡π‘¥‰øøÑ“°—ßÀ—π≈¡§«“¡‡√Á«
·ª√º—π
°“√∑¥ Õ∫°“√‡™◊ËÕ¡μàÕ√–∫∫ “¬ àß°“√

‰øøÑ“¢Õß§Õπ‡«Õ√å‡μÕ√å°”≈—ß ”À√—∫‡§√◊ËÕß

°”‡π‘¥‰øøÑ“°—ßÀ—π≈¡§«“¡‡√Á«·ª√º—π∑’Ë∂Ÿ°‡ πÕ

¥—ß· ¥ß„π√Ÿª∑’Ë 6 ¥â«¬‚ª√·°√¡ PSIMTM Version

6 ‚¥¬º≈°“√®”≈Õß‰¥â· ¥ß§ÿ≥≈—°…≥–¢Õß√Ÿª

§≈◊Ëπ·√ß¥—π‡ø ·≈–°√–· ‡ø  „π¢≥–°àÕπ°“√

‡™◊ËÕ¡μàÕ°—∫√–∫∫ “¬ àß ·≈–À≈—ß®“°∑’Ë¡’°“√

‡™◊ËÕ¡μàÕ°—∫√–∫∫ “¬ àß ´÷Ëßº≈°“√®”≈Õß· ¥ß

„Àâ‡ÀÁπ∂÷ß°“√§«∫§ÿ¡·√ß¥—π‡ø ·≈–°√–· ‡ø 

„Àâ‡ªìπ‰ªμ“¡¢âÕ°”Àπ¥¢Õß°“√‡™◊ËÕ¡μàÕ°—∫

√–∫∫ “¬ àß¢Õß§Õπ‡«Õ√å‡μÕ√å°”≈—ß §◊Õ ¢π“¥

·√ß¥—π‡∑à“°—π (380Vac) §«“¡∂’Ë·√ß¥—π‡∑à“°—π

(50Hz) ·≈–¡ÿ¡‡ø ·√ß¥—π‡∑à“°—π ¥—ß· ¥ß„π√Ÿª

∑’Ë 8 ·≈–√Ÿª∑’Ë 9

√Ÿª∑’Ë 8 √Ÿª§≈◊Ëπ·√ß¥—π‡ø ·≈–°√–· ‡ø  ¢≥–

‰¡à ‡ ™◊Ë Õ ¡μà Õ √ –∫∫  “¬ à ß ° √ – · 

§Õπ‡«Õ√å‡μÕ√å °√–·  “¬ àß ·√ß¥—π

§Õπ‡«Õ√å‡μÕ√å ·≈–·√ß¥—π “¬ àß μ“¡

≈”¥—∫®“°∫π≈ß≈à“ß

^

√Ÿª∑’Ë 9 √Ÿª§≈◊Ëπ·√ß¥—π‡ø ·≈–°√–· ‡ø   ¢≥–

‡™◊Ë Õ ¡μà Õ °— ∫ √ –∫∫ “¬ à ß ° √ –· 

§Õπ‡«Õ√å‡μÕ√å ·≈–·√ß¥—π§Õπ‡«Õ√å‡μÕ√å

μ“¡≈”¥—∫
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πÕ°®“°π’Èº≈°“√®”≈Õß„π¢≥–‡™◊ËÕ¡μàÕ

°—∫√–∫∫ “¬ àß¬—ß· ¥ß„Àâ‡ÀÁπ∂÷ßª√– ‘∑∏‘¿“æ

∑’Ë¥’„π°“√§«∫§ÿ¡°√–· ‡ø „Àâ‡ªìπ√Ÿª§≈◊Ëπ´“¬πå

 ¡¥ÿ≈ °√–· Œ“‚¡π‘° å (Harmonic) μË”

6.  √ÿª
®“°º≈°“√∑¥≈Õß √â“ß§Õπ‡«Õ√å‡μÕ√å¬°

·√ß¥—π§Ÿà·∫∫Õ‘π‡μÕ√å≈’ø ·≈–º≈°“√®”≈Õß

§Õπ‡«Õ√å‡μÕ√å°”≈—ß¢Õß‡§√◊ËÕß°”‡π‘¥‰øøÑ“°—ßÀ—π

≈¡§«“¡‡√Á«·ª√º—π∑’Ë∂Ÿ°π”‡ πÕ · ¥ßÕÕ°∂÷ß

§«“¡‡ªìπ‰ª‰¥â„π°“√‡æ‘Ë¡ ¡√√∂π–„Àâ√–∫∫°“√

‡ª≈’Ë¬πæ≈—ßß“π®“°≈¡π’È  √â“ß§«“¡¡—Ëπ„®·≈–

§«“¡§ÿâ¡§à“„π°“√≈ß∑ÿπæ—≤π“ß“π«‘®—¬μàÕ‰ª

7. °‘μμ‘°√√¡ª√–°“»
ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥ æ—π‡Õ° √Õß»“ μ√“®“√¬å

π—π∑«ß»å ‚™§∂“«√  ”À√—∫§”ª√÷°…“∑’Ë‡ªìπ

ª√–‚¬™πå  π—∫ πÿπ ·≈–‡Õ◊ÈÕ‡øóôÕªí®®—¬∑’Ë®”‡ªìπ

¡“‚¥¬μ≈Õ¥ ·≈–¢Õ¢Õ∫§ÿ≥ æ—π‡Õ° ¥√.Õπÿ√—μπå

Õ‘π°—π  ”À√—∫°”≈—ß„®„π°“√‡¢’¬π√“¬ß“π«‘®—¬
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