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∫∑§—¥¬àÕ

1  Õ“®“√¬å ¿“§«‘™“«‘»«°√√¡§Õ¡æ‘«‡µÕ√å

»‘»’‚√µ¡å ‡°µÿ·°â« 
1

¡À“«‘∑¬“≈—¬√“¡§”·Àß À—«À¡“° ∫“ß°–ªî °√ÿß‡∑æœ 10240

        ∫∑§«“¡π’Èπ”‡ πÕ·À≈àß®à“¬·√ß¥—π·∫∫§«∫§ÿ¡√–¥—∫·√ß¥—π‰øøÑ“°√–·  ≈—∫ ‚¥¬„™â‰¡‚§√§Õπ‚∑√≈‡≈Õ√å

¡“™à«¬„π°“√§«∫§ÿ¡À¡âÕ·ª≈ß‰øøÑ“ 1 ‡ø  „Àâ¡’°“√ª√—∫µ—Èß√–¥—∫·√ß¥—π‰øøÑ“°√–·  ≈—∫‰¥â∑’Ëæ‘°—¥ 1kVA 220/

10~220 ‚«≈∑å 50 ‡Œ‘√∑´å ‚¥¬¡’‚«≈∑å‡µ®‡√Á°°Ÿ‡≈™—ËπµË”°«à“ 5% ·≈–·√ß¥—πµ°§√àÕ¡¢¥≈«¥¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“

 Ÿß ÿ¥ 33 ‚«≈∑å ´÷Ëß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ„ÀâÀ¡âÕ·ª≈ß‰øøÑ“∑”Àπâ“∑’Ë‡ªìπµ—«®à“¬·√ß¥—π‰øøÑ“°√–·  ≈—∫ ‚¥¬„™âÀ≈—°

°“√¢Õß°“√‡ª≈’Ë¬π·ª≈ß‡ âπ·√ß·¡à‡À≈Á°´÷Ëß¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß√–¥—∫·√ß¥—π‰øøÑ“¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“ ·≈–

π”·√ß¥—π‰øøÑ“∑“ß¥â“π‡Õ“∑åæÿ∑¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“ªÑÕπ°≈—∫¡“‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫√–¥—∫·√ß¥—π‰øøÑ“∑’Ë‰¥âª√—∫µ—Èß‰«â

®“°π—Èπ™ÿ¥§«∫§ÿ¡®–∑”Àπâ“∑’Ë‡ª√’¬∫‡∑’¬∫·√ß¥—π‰øøÑ“‡Õ“∑åæÿ∑¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“°—∫·√ß¥—π‰øøÑ“∑’Ëª√—∫µ—Èß‰«â ∂â“

·√ß¥—π‰øøÑ“‰¡à‡∑à“°—π ™ÿ¥§«∫§ÿ¡®–∑”°“√ª√—∫√–¥—∫·√ß¥—π‰øøÑ“‡Õ“∑åæÿ∑¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“®π°√–∑—Ëß‡∑à“°—∫

√–¥—∫·√ß¥—π‰øøÑ“∑’Ëµ—Èß‰«â º≈°“√∑¥≈Õß∑’Ë‰¥â®“°‡§√◊ËÕß®à“¬·√ß¥—π§«∫§ÿ¡√–¥—∫·√ß¥—π‰øøÑ“°√–·  ≈—∫π’È ®–¡’

‡ªÕ√å‡´Áπµå‚«≈∑å‡µ®‡√Á°°Ÿ‡≈™—Ëπ∑’ËµË” ‡À¡“– ”À√—∫ß“π∑’ËµâÕß°“√·√ß¥—π‰øøÑ“§ß∑’Ë‡¡◊ËÕ‚À≈¥¡’°“√‡ª≈’Ë¬π·ª≈ß

·À≈àß®à“¬·√ß¥—π·∫∫§«∫§ÿ¡√–¥—∫·√ß¥—π‰øøÑ“°√–·  ≈—∫

√—∫‡¡◊ËÕ 15 °ÿ¡¿“æ—π∏å 2548  µÕ∫√—∫‡¡◊ËÕ 17 ¡‘∂ÿπ“¬π 2548
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        This paper presents çRegulated AC Voltage Sourceé which bringing up microcontroller to

support the controlling a phase of transformer in order to adjust and set the AC Voltage at rate 1 kVA

220/10~220 V 50 Hz with Voltage Regulation less than 5% at 33 maximum voltage drop with the

objective of making the transformer to be an Regulated AC Voltage Source by using the principle of

magnetic field changing which effects to the changing AC Voltage of  transformer and then bringing

output voltage of transformer to feedback in order to compare with voltage level that setting before

then the controller set will be compared with the output voltage of the transformer and the voltage

that setting before, if voltage is unequalled, the controller set will adjust the output voltage of

transformer until it is equalled to the voltage level that setting before. The experimental result from the

Regulated AC Voltage Source will be the lower Voltage Regulation percentage, and it is suitable for

any kinds of work that needed constant voltage when the load is changed.
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1. ∫∑π”

           À¡âÕ·ª≈ß‰øøÑ“·∫∫∏√√¡¥“∑’Ë„™â°—πÕ¬Ÿà∑—Ë«‰ªπ—Èπ‡ªìπ·∫∫∑’Ë¡’·√ß‡§≈◊ËÕπ‰øøÑ“§ß∑’Ë (Constant-potential

transformer) ¡’¢¥≈«¥æ—πÕ¬Ÿà√Õ∫Ê ·°π‡À≈Á° 2 ™ÿ¥ ‚¥¬·µà≈–™ÿ¥Õ“®®–¡’®”π«π√Õ∫‡∑à“°—πÀ√◊Õ‰¡à‡∑à“°—π°Á‰¥â

∑—Èßπ’È¢÷ÈπÕ¬Ÿà°—∫®ÿ¥ª√– ß§å¢Õß°“√π”‰ª„™âß“π ·°π‡À≈Á°π—Èπ‡ªìπ·ºàπ‡À≈Á°∫“ßÊ ∑’Ë·µà≈–·ºàπ∂Ÿ°‡§≈◊Õ∫‰«â¥â«¬ “√

∫“ßÕ¬à“ß∑’Ë‡ªìπ©π«π‰øøÑ“ ∑—Èßπ’È‡æ◊ËÕ‰¡à„Àâ‡°‘¥°“√ Ÿ≠‡ ’¬ (loss) ¿“¬„π·°π‡À≈Á°Õ—π‡π◊ËÕß¡“®“°º≈°“√‡Àπ’Ë¬«π”

‰øøÑ“ À¡âÕ·ª≈ß∑’Ë„™âª√—∫·√ß‡§≈◊ËÕπ‰øøÑ“∑’Ë¡’Õ¬Ÿà∑—Ë«Ê ‰ª¡’ 2 ™π‘¥ §◊Õ ·∫∫·√°π—Èπ„™â ”À√—∫‡æ‘Ë¡·√ß‡§≈◊ËÕπ‰øøÑ“

®“°·√ß‡§≈◊ËÕπ‰øøÑ“µË”„Àâ°≈“¬‡ªìπ·√ß‡§≈◊ËÕπ‰øøÑ“ Ÿß‡√’¬°«à“ çStep-up transformeré  à«πÕ’°·∫∫Àπ÷Ëßπ—Èπ„™â

‡ª≈’Ë¬π®“°·√ß‡§≈◊ËÕπ‰øøÑ“ Ÿß„Àâ≈¥≈ß‡ªìπ·√ß‡§≈◊ËÕπ‰øøÑ“µË”‡√’¬°«à“ çStep-down transformeré ·≈–À¡âÕ·ª≈ß

∑’Ë„™â∂à“¬‡∑æ≈—ßß“π¢â“¡«ß®√‚¥¬‰¡à¡’°“√‡ª≈’Ë¬π·√ß¥—π‡√’¬°«à“ çOne to One Transformeré À¡âÕ·ª≈ß‰øøÑ“

®–¡’¢¥≈«¥∑’Ë∑”Àπâ“∑’Ë‡Àπ’Ë¬«π”∑“ß‰øøÑ“ ·≈– √â“ßø≈—°´å·¡à‡À≈Á°„π·°πµ—«π”·¡à‡À≈Á° ´÷Ëß®–¡’Õ¬Ÿà¥â«¬°—π 2 ¢¥

§◊Õ ¢¥≈«¥ª∞¡¿Ÿ¡‘ N
1
 (primary winding) ‡ªìπ¢¥≈«¥∑’Ë√—∫·√ß¥—π‰øøÑ“·≈–∑”„Àâ‡°‘¥°“√‡Àπ’Ë¬«π”‰øøÑ“ ·≈– √â“ß

ø≈—°´å·¡à‡À≈Á°„π·°πµ—«π”·¡à‡À≈Á°  à«π¢¥≈«¥∑ÿµ‘¬¿Ÿ¡‘ N
2
 (secondary winding) ‡ªìπ¢¥≈«¥∑’Ë®à“¬·√ß¥—π‰øøÑ“

‰ª Ÿà¿“√–∑“ß‰øøÑ“¿“¬πÕ°

2. ∑ƒ…Æ’·≈–À≈—°°“√

2.1 ∑ƒ…Æ’·≈–À≈—°°“√¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“ (Transformer Theory and Principle)

2.1.1 À≈—°°“√¢ÕßÀ¡âÕ·ª≈ß (Transformerûs Principle)

‡¡◊ËÕÀ¡âÕ·ª≈ß‰¥â√—∫·√ß¥—π‰øøÑ“ V
1
 ‡¢â“‰ª∑’Ë¢¥ª∞¡¿Ÿ¡‘ ®–∑”„Àâ‡°‘¥°“√‡Àπ’Ë¬«π”·√ß‡§≈◊ËÕπ

‰øøÑ“∑“ß¥â“π∑ÿµ‘¬¿Ÿ¡‘ (√Ÿª∑’Ë 2) ¢÷Èπ  ∂÷ß·¡â«à“®–‰¡à¡’ load ¡“µàÕ°Áµ“¡  „π°√≥’‡™àππ’È V
s
 = E

2
 = V

2

·√ß‡§≈◊ËÕπ·¡à‡À≈Á°‰øøÑ“ (Electromotive Force) ∑’Ë‡°‘¥¢÷Èππ—Èπ ¡’À≈—°°“√§◊Õ ‡¡◊ËÕ¢¥≈«¥¥â“π

ª∞¡¿Ÿ¡‘‰¥â√—∫·√ß¥—π‰øøÑ“ ≈—∫ V
1
 °√–· ‰øøÑ“ Ip ®–∑”„Àâ‡°‘¥·√ß‡§≈◊ËÕπ‰øøÑ“‡Àπ’Ë¬«π” E

1
 ·≈–·À≈àß°”‡π‘¥

æ≈—ßß“π·¡à‡À≈Á°„π√Ÿª¢Õß·√ß‡§≈◊ËÕπ·¡à‡À≈Á° (mmf) ¢÷Èπ∑’Ë¢¥≈«¥ª∞¡¿Ÿ¡‘ ·√ß‡§≈◊ËÕπ·¡à‡À≈Á°π’È®– √â“ßø≈—°´å·¡à

‡À≈Á°√à«¡ (fm) ‡§≈◊ËÕπµ—«µ—¥°—∫¢¥≈«¥∑ÿµ‘¬¿Ÿ¡‘ ∑”„Àâ‡Àπ’Ë¬«π”‡°‘¥·√ß‡§≈◊ËÕπ‰øøÑ“ E
2
 ¢÷Èπ

√Ÿª∑’Ë 1  ‚§√ß √â“ßæ◊Èπ∞“π¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“
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2.1.2 Õ—µ√“ à«π¢Õß·√ß‡§≈◊ËÕπ·≈–°√–· ‰ø (Voltage and Current Ratio)

‡¡◊ËÕ®à“¬·√ß¥—π‰øøÑ“ ≈—∫„Àâ°—∫¢¥≈«¥ª∞¡¿Ÿ¡‘®–∑”„Àâ‡°‘¥·√ß‡§≈◊ËÕπ‰øøÑ“‡Àπ’Ë¬«π” E
1
 ·≈–

‡ âπ·√ß·¡à‡À≈Á°¢÷Èπ ‡ âπ·√ß·¡à‡À≈Á° à«π„À≠à (f) ®–‰ª§≈âÕß (link) ¢¥≈«¥∑ÿµ‘¬¿Ÿ¡‘ ¥—ßπ—Èπ®÷ß∑”„Àâ‡°‘¥°“√‡Àπ’Ë¬«

π”·√ß‡§≈◊ËÕπ‰øøÑ“¢÷Èπ∑’Ë¢¥≈«¥∑ÿµ‘¬¿Ÿ¡‘ (E
2
) ´÷Ëß§à“¢Õß·√ß‡§≈◊ËÕπ∑’Ë‡°‘¥¢÷Èππ’È‡ªìπ —¥ à«π°—∫®”π«π√Õ∫¢Õß¢¥≈«¥

·µà≈–¢¥  ´÷Ëß‰¥â®“°§«“¡ —¡æ—π∏åµ“¡°Æ¢Õß°“√‡Àπ’Ë¬«π” µ“¡°Ø¢Õßø“√“‡¥¬å

‡¡◊ËÕ  E
1  
·≈–  E

2 
 §◊Õ·√ß‡§≈◊ËÕπ‰øøÑ“∑’Ë‡°‘¥¢÷Èπ„π¢¥≈«¥ª∞¡¿Ÿ¡‘·≈–∑ÿµ‘¬¿Ÿ¡‘ µ“¡≈”¥—∫ N

p 
°—∫

N
s
 °Á§◊Õ®”π«π√Õ∫¢Õß¢¥≈«¥∑“ßª∞¡¿Ÿ¡‘·≈–∑ÿµ‘¬¿Ÿ¡‘‡™àπ°—π  ”À√—∫·√ß¥—π‰øøÑ“∑’Ë¢—È«¢Õßª∞¡¿Ÿ¡‘·≈–∑ÿµ‘¬¿Ÿ¡‘ ∑—Èß

2 ¢â“ßπ—Èπ ·µ°µà“ß®“°·√ß‡§≈◊ËÕπ‰øøÑ“∑’Ë‡°‘¥®“°°“√‡Àπ’Ë¬«π”°Á‡æ’¬ß‡≈Á°πâÕ¬‡∑à“π—Èπ

∂â“À“°«à“ Ÿ≠‡ ’¬°”≈—ß‰øøÑ“®“°¿“¬„πÀ¡âÕ·ª≈ßπ—Èπ¡’‡ªìπ®”π«π‡≈Á°πâÕ¬°Áµ—¥§à“∑’Ë‡ ’¬π—Èπ∑‘Èß‰ª‰¥â

π—Ëπ°Á§◊ÕÕ“®æ‘®“√≥“‰¥â«à“°”≈—ß∑’Ë‰¥â√—∫ (power output) °—∫°”≈—ß∑’Ë„ à‡¢â“‰ª (power input) ¡’§à“‡∑à“°—π  π—Ëπ°Á§◊Õ

   (1)

§à“ cos θ
s
 π—ÈπÀ“‰¥â®“°™π‘¥¢Õß load ·µà‡π◊ËÕß®“°«à“ power  factor ¢Õß∑“ßª∞¡¿Ÿ¡‘·≈–

∑ÿµ‘¬¿Ÿ¡‘¡’§«“¡·µ°µà“ß‡æ’¬ß‡≈Á°πâÕ¬ ¥—ßπ—Èπ®÷ßÕ“®°≈à“«‰¥â«à“

(2)

À¡âÕ·ª≈ßπ—Èπ®–∑”Àπâ“∑’Ë°ÁµàÕ‡¡◊ËÕ‰ø∑’Ë„ à‡¢â“‰ª∑“ß¥â“πª∞¡¿Ÿ¡‘π—Èπ‡ªìπ‰øøÑ“ ≈—∫À√◊Õ‰ø∑’Ë¡’°“√

‡ª≈’Ë¬π·ª≈ß‡ªìπ®—ßÀ«–Ê (pulse) ∂â“‡ªìπ‰øµ√ß°Á‡ªìπ·∫∫∑’Ë¡’°“√‡ª≈’Ë¬π°“√°√–‡æ◊ËÕ¡¢÷Èπ≈ß (fluctuating) À√◊Õ

¡‘©–π—Èπ°Á„Àâ¡’°“√‡ªî¥ªî¥‰øµ√ß¥â«¬Õ—µ√“‡√Á«Õ—µ√“„¥Õ—µ√“Àπ÷ËßÀ√◊ÕÀ≈“¬Õ—µ√“°Á‰¥â ®÷ß®–∑”„Àâ‡°‘¥°“√‡Àπ’Ë¬«π”

·√ß‡§≈◊ËÕπ‰øøÑ“¢÷Èπ Õ—π‡π◊ËÕß¡“®“°¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡ âπ·√ß (flux change) π—Èπ ©–π—Èπ∂â“‰øµ√ß∑’Ë„ à‡¢â“‰ª

∑“ßª∞¡¿Ÿ¡‘¡’§à“§ß∑’Ëµ≈Õ¥‡«≈“°Á®–∑”„Àâ‰¡à¡’‰ø‡°‘¥¢÷Èπ∑“ß∑ÿµ‘¬¿Ÿ¡‘ ¥—ßπ—Èπ®÷ß∑”„ÀâÀ¡âÕ·ª≈ß¡’≈—°…≥–‡¥àπ„π°“√

‡ª≈’Ë¬π§à“¢Õß·√ß‡§≈◊ËÕπ·≈–°√–· ‰ø„π«ß®√°√–· ‰ø ≈—∫‡∑à“π—Èπ

√Ÿª∑’Ë 2  À≈—°°“√‡∫◊ÈÕßµâπ¢ÕßÀ¡âÕ·ª≈ß

Vp Ip cos θp    =    Vs Is cos θs

Vp Ip    =    Vs Is
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√Ÿª∑’Ë 3  À¡âÕ·ª≈ß‰øøÑ“„πÕÿ¥¡§µ‘

‡¡◊ËÕ∑”°“√ªÑÕπ·√ß¥—π‰øøÑ“„Àâ°—∫¢¥≈«¥ª∞¡¿Ÿ¡‘ ®–∑”„Àâ‡°‘¥‡ âπ·√ß·¡à‡À≈Á° (φ) ¢÷Èπ·≈–

‡¡◊ËÕ¢≥–®à“¬‚À≈¥·√ß‡§≈◊ËÕπ·¡à‡À≈Á°‰øøÑ“ (Electromotive  Force : emf) ®–∂Ÿ° √â“ß¢÷Èπ‚¥¬¡’§à“¥—ßπ’È

         (3)

‚¥¬∑’Ë  e
1

= induced voltage ¢Õß¢¥≈«¥ª∞¡¿Ÿ¡‘ (V)

V
1

= ·√ß¥—π‰øøÑ“∑’Ë®à“¬„Àâ°—∫¢¥≈«¥ª∞¡¿Ÿ¡‘ (V)

λ
1

= flux linkage ¢Õß¢¥≈«¥ª∞¡¿Ÿ¡‘ (Wb-t)

N
1

= ®”π«π√Õ∫¢Õß¢¥≈«¥ª∞¡¿Ÿ¡‘

φ
1

= ‡ âπ·√ß·¡à‡À≈Á°∑’Ë‡°‘¥¢÷Èπ„π·°π‡À≈Á° (Wb)

„π∑“ßÕÿ¥¡§µ‘ ®–‰¡à¡’‡ âπ·√ß·¡à‡À≈Á°√—Ë«‰À≈‡°‘¥¢÷Èπ ¥—ßπ—Èπ‡ âπ·√ß·¡à‡À≈Á° (φ) ∑’Ë‡°‘¥¢÷Èπ®–

‰ª‡°’Ë¬«§≈âÕß¢¥≈«¥∑ÿµ‘¬¿Ÿ¡‘∑—ÈßÀ¡¥ ‡ªìπ®”π«π N
2 
√Õ∫∑”„Àâ‡Àπ’Ë¬«π”‡°‘¥·√ß‡§≈◊ËÕπ·¡à‡À≈Á°‰øøÑ“ e

2 
¢÷Èπ

         (4)

À“°¡’¿“√–‚À≈¥µàÕ‡¢â“°—∫¢—È«¢Õß¢¥≈«¥∑ÿµ‘¬¿Ÿ¡‘ ·√ß¥—π‰øøÑ“∑’Ë¢—È«¢Õß¢¥≈«¥∑ÿµ‘¬¿Ÿ¡‘ V
2
 ®–

∑”„Àâ‡°‘¥°√–· ‰øøÑ“ I
2
‰À≈ÕÕ°‰ª¬—ß¿“√–‚À≈¥ ‡π◊ËÕß®“°À¡âÕ·ª≈ß„π∑“ßÕÿ¥¡§µ‘§«“¡µâ“π∑“π¢Õß¢¥≈«¥¡’

§à“‡ªìπ»Ÿπ¬å ¥—ßπ—Èπ·√ß¥—π‰øøÑ“ V
2 
§◊Õ¡’§à“‡∑à“°—∫·√ß¥—π‰øøÑ“‡Àπ’Ë¬«π” e

2 
π—Èπ§◊Õ

         (5)

2.1.3 ∑ƒ…Æ’¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“ (Transformer Theory)

V1 = e1 =          = N1        ; λ1 = N1φ
dλ1

dt
dφ
dt

V2 = e2 = = N2

dλ2

dt
dφ
dt

e2 = =  N2 
dλ2

dt
dφ
dt
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·≈–®“°°Æ¢Õß·Õ¡·ª√å§◊Õ º≈√à«¡‡ âπ·√ß·¡à‡À≈Á°‚¥¬√Õ∫∑“ß‡¥‘π®–¡’§à“‡∑à“°—∫»Ÿπ¬å π”¡“

ª√–¬ÿ°µå®–‰¥â«à“

(6)

®“° ¡°“√∑’Ë (3) (5) ·≈– ¡°“√∑’Ë (6) ®–‰¥â«à“

         (7)

‚¥¬∑’Ë a = turn ratio À√◊ÕÕ—µ√“ à«π®”π«π√Õ∫¢ÕßÀ¡âÕ·ª≈ß

‡¡◊ËÕ·√ß¥—π‰øøÑ“‡ª≈’Ë¬π·ª≈ßµ“¡≈—°…≥–√Ÿª§≈◊Ëπ´“¬πå ¥—ßπ—Èπ‡ âπ·√ß·¡à‡À≈Á°„π·°π‡À≈Á° °Á

®–‡ª≈’Ë¬π·ª≈ßµ“¡≈—°…≥–√Ÿª§≈◊Ëπ´“¬πå ¿“¬„µâ‡ß◊ËÕπ‰¢∑“ßÕÿ¥¡§µ‘¥â«¬ ∂â“‡ âπ·√ß·¡à‡À≈Á°‡°‘¥¢÷Èπ∑’Ë‡«≈“ t ®–‰¥â

«à“

‡¡◊ËÕ φm = maxinum magnetic flux

®“°

‡¡◊ËÕ ω = 2πf

®“°°“√·ª≈ß§à“·√ß¥—π‰øøÑ“‡Àπ’Ë¬«π”„ÀâÕ¬Ÿà„π√Ÿª‡ø ‡´Õ√å „π‡∑Õ¡¢ÕßÕß»“°”≈—ß Õß‡©≈’Ë¬

(root mean square : rms) ®–‡ÀÁπ«à“ induced voltage (e
1
) ¡’¡ÿ¡π”Àπâ“ (leading) magnetic flux (φ) ‡ªìπ¡ÿ¡

90 Õß»“

°”Àπ¥„Àâ E = induced voltage „π‡∑Õ¡ rms

V1

V2

e1

e2

=
N1

N2

=
i2
i1

= =  a

φ  =  φm   sin ω t

e  =  N1

dφ
dt

=  N1

d(φm sin ωt)
dt

e  =  ωNφm cos ωt

e  =  2πf Νφm cos ωt

N1i1 − N2i2 = O

N1i1 = N2i2
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®“°

(8)

‡¡◊ËÕπ” ¡°“√∑’Ë 7 ¡“‡¢’¬π„π‡∑Õ¡ rms ®–‰¥â«à“

         (9)

2.2  ‡µªªîôß¡Õ‡µÕ√å

 ‡µªªîôß¡Õ‡µÕ√å ‡ªìπ¥’´’¡Õ‡µÕ√å™π‘¥Àπ÷Ëß∑’Ë‰¡àµâÕßÕ“»—¬·ª√ß∂à“π „π°“√∑”ß“π¢Õß ‡µªªîôß¡Õ‡µÕ√å

®–„™â«ß®√´’‡§«π‡™’Ë¬≈ ‡ªìπµ—«°”‡π‘¥ —≠≠“≥¢—∫ºà“π¿“§ Power drive ‡¢â“ Ÿà ‡µªªîôß¡Õ‡µÕ√å ´÷Ëß‡ªìπ°“√∑”ß“π

„π≈—°…≥–≈Ÿª‡ªî¥ (open loop)

∂â“·∫àß ‡µªªîôß¡Õ‡µÕ√å ÕÕ°µ“¡≈—°…≥–‚√‡µÕ√å®–·∫àß‰¥â‡ªìπ

1. ·∫∫ Active ´÷Ëß¬—ß·∫àßÕÕ°‰¥â‡ªìπ·∫∫ ·¡à‡À≈Á°∂“«√ (Permanent Magnet À√◊Õ PM) °—∫·∫∫

Dc Energize

2. ·∫∫ Variable reactive À√◊Õ·∫∫ VR

3. ·∫∫ Hybird ´÷Ëß√«¡∑—Èß·∫∫ PM ·≈–·∫∫ VR ‡¢â“¥â«¬°—π

2.2.1 ‚§√ß √â“ßæ◊Èπ∞“π¢Õß ‡µªªîôß¡Õ‡µÕ√å ·∫∫ VR

™àÕßÕ“°“» (air gap) √–À«à“ß ’́Ë  ‡µ‡µÕ√å ́ ÷Ëß®–º°º—π°—∫ Torque ·≈–§«“¡·πàπÕπ¢Õßµ”·Àπàß

¥—ßπ—Èπ∂â“µâÕß°“√„Àâ ‡µªªîôß¡Õ‡µÕ√å¡’·√ß∫‘¥ Ÿß ·≈–µ”·Àπàß·πàπÕπ°Á®–µâÕß¡’™àÕßÕ“°“»™àÕß·§∫Ê

°“√∑”ß“π¢Õß ‡µªªîôß¡Õ‡µÕ√åπ—Èπ µ”·Àπàß¢Õß¡Õ‡µÕ√å®–‰¡àÀ¬ÿ¥∑—π∑’∑’Ë¡Õ‡µÕ√åÀ¡ÿπ®π‡ âπ

·√ß·¡à‡À≈Á°µ—¥ºà“π¡“°∑’Ë ÿ¥ ‡π◊ËÕß®“°‚√‡µÕ√å¢≥–∑’ËÀ¡ÿπ®–¡’·√ß‡©◊ËÕ¬ ®÷ß∑”„Àâ‡°‘¥ shoot ¢Õßµ”·Àπàß ®“°π—Èπ

‚√‡µÕ√å®–À¡ÿπ°≈—∫µ—«„ÀâÕ¬Ÿà„πµ”·Àπàß∑’Ë‡ âπ·√ß·¡à‡À≈Á°µ—¥ºà“π¡“°∑’Ë ÿ¥ ®“°√Ÿª∑’Ë 4 · ¥ß∂÷ß°“√‡ª≈’Ë¬π

µ”·Àπàß„π·µà≈– ‡µª «à“‡ªìπ·∫∫„¥

Vrms    =
Vp

√2

E        =
e

√2

2πfΝφm

√2
=

E        =    4.44 fNφm

V1

V2 

E1

E2 

=
N1

N2 

=
I2

I1 

= =  a
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2.2.2 °“√°√–µÿâπ‡ø ¢Õß ‡µ‡µÕ√å

„π°“√„Àâ ‡µªªîôß¡Õ‡µÕ√åÀ¡ÿπ‰¥âπ—Èπ®–µâÕß°√–µÿâπ‡ø ¢Õß¢¥≈«¥ ‡µ‡µÕ√å„Àâ‡√’¬ß°—π‰ª‡√◊ËÕ¬Ê

∑“ß„¥∑“ßÀπ÷Ëß ∂â“µâÕß°“√„ÀâÀ¡ÿπ°≈—∫∑“ß®–µâÕß°√–µÿâπ‡ø „π∑‘»∑“ß°≈—∫°—π ´÷Ëß°“√°√–µÿâπ‡ø ¢Õß ‡µ‡µÕ√å ‰¡à

®”‡ªìπ∑’Ë®–µâÕß°√–µÿâπ‡ø ‡æ’¬ß·§à‡ø ‡¥’¬« Õ“®°√–µÿâπ∑’≈– Õß‡ø °Á‰¥â „π∫∑§«“¡π’È„™â°“√°√–µÿâπ‡ø  ‡µ‡µÕ√å

·∫∫°“√°√–µÿâπ‚¥¬„™â·∫∫∑’Ë 1 ·≈–·∫∫∑’Ë 2  ≈—∫°—π‡√’¬°«à“·∫∫ One › Two phase excitation À√◊Õ·∫∫ Half

step excitation

2.3 ‰¡‚§√§Õπ‚∑√≈‡≈Õ√å MCS-51

‰¡‚§√§Õπ‚∑√≈‡≈Õ√å·∫∫ 8 ∫‘µ∑’Ëπ‘¬¡„™â°—π¡“°‰¥â·°àµ√–°Ÿ≈ MCS-51 ´÷Ëßº≈‘µÕÕ°¡“À≈“¬√ÿàπ „π∑’Ë

π’È®–°≈à“«∂÷ß√“¬≈–‡Õ’¬¥∑—Ë«Ê ‰ª¢Õß MCS-51 ‚¥¬®–‡πâπ∑’Ëµ—« 8031 ‡æ◊ËÕ§Ÿà¡◊Õ ”À√—∫°“√∑¥≈Õß·≈–ª√–¬ÿ°µå„™â

ß“πµà“ßÊ  à«π√“¬≈–‡Õ’¬¥®–À“Õà“π‰¥â®“°§Ÿà¡◊Õ¢Õß MCS-51 ‚¥¬µ√ß

µ√–°Ÿ≈ MCS-51 ®–¡’∑—Èß·∫∫¡’ ROM À√◊Õ¡’ EPROM ∫π™‘æ‡¥’¬«°—π‚¥¬®–¡’‚§√ß √â“ß§≈â“¬°—π

·≈–¡’°“√®—¥µ”·Àπàß¢“‡À¡◊Õπ°—π

√Ÿª∑’Ë 4  °“√‡§≈◊ËÕπ∑’Ë∑’≈– ‡µª‡¡’ËÕ°√–µÿâπ 1 ‡ø 
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2.4 Voltage Regulator

Õÿª°√≥å∑’Ë„™â„π°“√ Regulate ‰ø ac π‘¬¡‡√’¬° Induction Regulator „™â ”À√—∫ß“πª√—∫√–¥—∫

·√ß¥—π¡“π“π·≈â« °àÕπ¡’ Power Electronic Technology

¢âÕ¥’

- ¡’§«“¡∑π∑“πµàÕ°“√ ÷°À√Õ·≈– Overloading

- THD µË” ∂â“‰¡à¡’ Saturation ‡¢â“¡“‡°’Ë¬«¢âÕß

- ßà“¬µàÕ°“√µ√«® Õ∫·≈–∫”√ÿß√—°…“ à«π ÷°À√Õ‡≈Á°πâÕ¬

¢âÕ‡ ’¬

- Respone µË”¡“° ¢÷ÈπÕ¬Ÿà°—∫§«“¡‡√Á«¢Õßµ—« Actuator (stepping motor „π°√≥’) ¥—ßπ—Èπ

®÷ß‰¡à “¡“√∂ª√—∫™¥‡™¬À√◊Õ≈¥√–¥—∫·√ß¥—π¢≥–‡°‘¥ transient ·¡â‰¡à‡√Á«π—°‰¥â

- ∂â“‡ ’¬À“¬¡“°°“√∫”√ÿß√—°…“Õ“®∑”‰¡à‰¥â ®”‡ªìπµâÕß‡ª≈’Ë¬π∑—Èßµ—« ∑”„Àâ‡ ’¬‡«≈“·≈–§à“„™â

®à“¬¡“°

- ¡’¢π“¥·≈–πÈ”Àπ—°¡“°

√Ÿª∑’Ë 5  ∫≈ÁÕ°‰¥Õ–·°√¡¿“¬„π MCS-51
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3. °“√ÕÕ°·∫∫À¡âÕ·ª≈ß‰øøÑ“·≈–™ÿ¥§«∫§ÿ¡

3.1 °“√ÕÕ°·∫∫À¡âÕ·ª≈ß

¢âÕ°”Àπ¥„π°“√ÕÕ°·∫∫À¡âÕ·ª≈ß‰øøÑ“ 1 ‡ø 

¢π“¥æ‘°—¥¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“ 1 kVA

·√ß¥—π‰øøÑ“¥â“πª∞¡¿Ÿ¡‘ 220 ‚«≈∑å

·√ß¥—π‰øøÑ“¥â“π∑ÿµ‘¬¿Ÿ¡‘ 10 ~ 220 ‚«≈∑å

§«“¡∂’Ë 50 ‡Œ‘√µ´å

¢π“¥æ◊Èπ∑’ËÀπâ“µ—¥¢Õß·°π‡À≈Á°

‡≈◊Õ°„™â·°π‡À≈Á° ∑’Ëæ◊Èπ∑’ËÀπâ“µ—¥ = (3.8 x 8.8) ´¡.2  ‡ªìπ·°π‡À≈Á°·∫∫ EI

a = 19 ´¡. , b = 8.8 ´¡. , c = 3.8 ´¡. , d = 15.2 ´¡.

√Ÿª∑’Ë 6  ¢π“¥¢Õß·°π‡À≈Á°∑’ËÕÕ°·∫∫

           „π°“√§”π«≥π—Èπ §à“§«“¡Àπ“·πàπ¢Õß‡ âπ·√ß·¡à‡À≈Á° (B) ®–‰¥â¡“®“° DC Magnetizing curve

¢Õß·°π‡À≈Á° ´÷Ëß„π°“√ÕÕ°·∫∫§√—Èßπ’È‰¥â¡’°“√æ—πÀ¡âÕ·ª≈ß¢÷Èπ¡“§√—ÈßÀπ÷Ëß·≈â« ‚¥¬°“√ª√–¡“≥§à“ B ¢÷Èπ¡“§à“

Àπ÷Ëß ·≈â«π”À¡âÕ·ª≈ß∑’Ë‰¥â‰ª∑”°“√∑¥ Õ∫ ‡æ◊ËÕÀ“§ÿ≥≈—°…≥– DC Magnetizing curve ¢Õß·°π‡À≈Á° ‡æ◊ËÕ®–

‰¥â∑√“∫§à“§«“¡Àπ“·πàπ¢Õß‡ âπ·√ß·¡à‡À≈Á°∑’Ëπ”¡“„™â„π°“√ÕÕ°·∫∫§√—Èßπ’È

§«“¡¬“«‡©≈’Ë¬¢Õß·°π‡À≈Á° ®–§‘¥µ“¡°“√‡§≈◊ËÕπµ—«¢Õß‡ âπ·√ß·¡à‡À≈Á°∑’Ë‰À≈„π·°π‡À≈Á° ¥—ß√Ÿª∑’Ë 5

®–‡ÀÁπ‰¥â«à“‡ âπ·√ß·¡à‡À≈Á° à«π„À≠à®–§≈âÕß·°π a °—∫·°π b ‡ âπ·√ß·¡à‡À≈Á°∑’Ë§≈âÕß·°π c π—Èπ®–πâÕ¬¡“°

∑—Èßπ’È‡π◊ËÕß®“°√–À«à“ß·°π I °—∫·°π c ¡’™àÕß«à“ßÕ“°“»¡“°∑”„Àâ‡ âπ·√ß·¡à‡À≈Á°ºà“π‰ª‰¥â¬“° ¥—ßπ—Èπ§«“¡¬“«

‡©≈’Ë¬¢Õß·°π‡À≈Á° §◊Õ

A  =  5.67 π‘È«2  =  35 ́ ¡.2

√VA
5.58

=  5.67 π‘È«2
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= [(2*0.19) + (2*0.114)] / 2 + [(2*0.114) + ( 2*0.038) ] / 2

= 456x10-3 ¡.

3.2 °“√‡≈◊Õ°¢π“¥ ‡µªªîôß¡Õ‡µÕ√å

√Ÿª∑’Ë 7  ·°π‡À≈Á°∑’Ëπ”¡“„™âß“π

Õ—µ√“∑¥ = (‡ âπºà“π»Ÿπ¬å°≈“ßµ“¡ / ‡ âπºà“π»Ÿπ¬å°≈“ß¢—∫)

‡ âπºà“π»Ÿπ¬å°≈“ßµ“¡ = 2 ´¡.

‡ âπºà“π»Ÿπ¬å°≈“ß¢—∫ = 7 ´¡.

∴ Õ—µ√“∑¥ = 0.29

√Ÿª∑’Ë 8  °“√‡≈◊Õ°¢π“¥ ‡µªªîôß¡Õ‡µÕ√å

0.001 ¡.
0.038 ¡.

0.114 ¡.

0.038 ¡.

0.038 ¡.

0.114 ¡.

b a c

7 ´¡.2 ´¡.

MOTOR
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°“√§”π«≥À“§à“·√ß∫‘¥

·√ß¢—∫ / ·√ßµ“¡ = Õ—µ√“∑¥

®“°·√ßµ“¡ = 3 °°.

∴  ·√ß¢—∫ = 0.86 °°.

®–‰¥â·√ß∫‘¥ = ·√ß¢—∫ / √—»¡’µ“¡

= 0.86 °°.´¡.

∴ §à“·√ß∫‘¥∑’Ë¡Õ‡µÕ√å®–µâÕß¡’§à“¡“°°«à“ 0.86 °°.´¡.

3.3 °“√ÕÕ°·∫∫¿“§‡ª√’¬∫‡∑’¬∫√–¥—∫·√ß¥—π‚¥¬„™â ‰¡‚§√§Õπ‚∑√≈‡≈Õ√å

‡ªìπ¿“§∑’Ë∑”Àπâ“∑’Ë‡ª√’¬∫‡∑’¬∫√–¥—∫·√ß¥—π‰øøÑ“ √–À«à“ß§à“·√ß¥—πÕâ“ßÕ‘ß°—∫§à“∑’Ë‰¥â®“°¿“§ªÑÕπ°≈—∫

(feedback control system) ‚¥¬¿“§π’È„™â‰¡‚§√§Õπ‚∑√≈‡≈Õ√å ‡∫Õ√å 8031

M
ic
ro

co
nt

ro
lle

r

80
31 A / D 

Fe
ed

ba
ck

Vo
lu
m

e

Se
tti

ng

ROM

√Ÿª∑’Ë 9  ∫≈ÁÕ°‰¥Õ–·°√¡«ß®√‰¡‚§√§Õπ‚∑√≈‡≈Õ√å

3.4 °“√ÕÕ°·∫∫«ß®√  Drive Stepping Motor

‡ªìπ«ß®√°√–µÿâπ‡ø ¢Õß ‡µªªîôß¡Õ‡µÕ√å‚¥¬°“√„™â∑√“π´‘ ‡µÕ√å TIP3055 ‡æ◊ËÕ®à“¬·√ß¥—πµâπ°”≈—ß

ºà“π‰ª¬—ß¢¥≈«¥·µà≈–‡ø ∑—Èß 4 ‡ø ¢Õß¡Õ‡µÕ√å‚¥¬Õ“»—¬ —≠≠“≥æ—≈ åºà“πæÕ√å∑ P1 ¢Õß Microcontroller  àß

º≈„Àâ∑√“π´‘ ‡µÕ√å·µà≈–µ—«∑”ß“π‡æ◊ËÕ¢—∫¢¥≈«¥·µà≈–‡ø ¢Õß¡Õ‡µÕ√å „π√Ÿª∑’Ë 8 ‡ªìπ«ß®√¢—∫ ‡µªªîôßµàÕ‡ø 
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3.5 «ß®√¿“§ªÑÕπ°≈—∫

„π¿“§ªÑÕπ°≈—∫®–π”‡Õ“ —≠≠“≥®“°‡Õ“∑åæÿ∑¢ÕßÀ¡âÕ·ª≈ß·√ß¥—π ·≈â«ºà“π«ß®√‡√’¬ß°√–· ‡æ◊ËÕ

‡ª≈’Ë¬π‡ªìπ°√–· µ√ß·≈â«µàÕ‰ª¬—ß«ß®√·ª≈ßÕ–π“≈Õ°‡ªìπ¥‘®‘µÕ≈

√Ÿª∑’Ë 10  «ß®√¿“§¢—∫ ‡µÁªªîôß¡Õ‡µÕ√åµàÕ‡ø 

3.6 °“√ÕÕ°·∫∫«ß®√·ª≈ß —≠≠“≥Õ–π“≈Õ°‡ªìπ¥‘®‘µÕ≈

„π°“√µ‘¥µàÕ°—∫‰¡‚§√‚ª√‡´ ‡´Õ√åπ—ÈπµâÕß·ª≈ß —≠≠“≥„Àâ‡ªìπ·√ß¥—π‰øøÑ“°√–· µ√ß 0-5 ‚«≈∑å

°àÕπ®÷ß®– “¡“√∂µ‘¥°—∫‰¡‚§√‚ª√‡´ ‡´Õ√å‰¥â „π‚§√ßß“ππ’È‡≈◊Õ°„™â‰Õ´’ A/D 0804 ‡ªìπ‰Õ´’ A/D ¢π“¥ 8 ∫‘∑´÷Ëß

µàÕ‡¢â“°—∫æÕ√å∑ P1 ¢Õß‰¡‚§√‚ª√‡´ ‡´Õ√å´÷Ëß‡ªìπ·∫∫ 8 ∫‘∑ [3]

√Ÿª∑’Ë 11  «ß®√¿“§ªÑÕπ°≈—∫
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3.7 ‚§√ß √â“ß°“√∑”ß“π¢Õß‡§√◊ËÕß®à“¬·√ß¥—π§«∫§ÿ¡√–¥—∫·√ß¥—π‰øøÑ“°√–·  ≈—∫

√Ÿª∑’Ë 12  «ß®√·ª≈ß —≠≠“≥Õ–π“≈Õ°‡ªìπ¥‘®‘µÕ≈

√Ÿª∑’Ë 13  ‚§√ß √â“ß°“√∑”ß“π¢Õß‡§√◊ËÕß®à“¬·√ß¥—π§«∫§ÿ¡√–¥—∫·√ß¥—π‰øøÑ“°√–·  ≈—∫

220 V

AC

Voltage
Output

Stepping
Motor

Volume
Setting Comparator
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4. °“√∑¥ Õ∫

4.1 °“√∑¥ Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß·√ß¥—π‰øøÑ“∑“ß¥â“π∑ÿµ‘¬¿Ÿ¡‘

√Ÿª∑’Ë 14  «ß®√ ”À√—∫∑”°“√∑¥ Õ∫°“√‡ª≈’Ë¬π·ª≈ß·√ß¥—π‰øøÑ“∑“ß¥â“π∑ÿµ‘¬¿Ÿ¡‘

µ“√“ß∑’Ë 1  º≈°“√∑¥ Õ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß·√ß¥—π∑“ß¥â“π∑ÿµ‘¬¿Ÿ¡‘

0 220 0.93 65 280 3.347 3.100

1 220 0.94 65 279 3.347 3.100

2 220 0.94 61 279 3.347 3.100

3 220 0.87 44 279 3.347 3.100

4 220 0.83 39 271 3.347 3.000

5 220 0.80 38 192 3.347 2.120

6 220 0.79 36 136 3.347 1.500

7 220 0.89 46 83 3.347 0.920

8 220 1.17 74 23 3.347 0.254

9 220 1.20 81 16 3.347 0.180

10 220 1.02 62 12 3.347 0.136

11 220 1.01 66 11 3.347 0.122

√–¬–·°π I
(´¡.)

V
1

(V)
I

1

(A)
W

1

(W)

V
2

(V)
φ

11

(mWb)
φ

21

(mWb)

7.6 ´¡.

Se
co

nd
ar

y 
C
or

e

Pr
im

ar
y 

C
or

e

Voltage

Regulator

W
1

l
1

V
1

Primary
Side

Secondary
Side V

2



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 4 µÿ≈“§¡-∏—π«“§¡ 2548512

°”Àπ¥„Àâ φ
11

‡ªìπ‡ âπ·√ß·¡à‡À≈Á°∑’Ë§≈âÕß¢¥≈«¥ª∞¡¿Ÿ¡‘ ∑’Ë‡°‘¥®“°°√–· ∑’Ë‰À≈„π¢¥≈«¥ª∞¡¿Ÿ¡‘

φ
21

‡ªìπ‡ âπ·√ß·¡à‡À≈Á°∑’Ë§≈âÕß¢¥≈«¥∑ÿµ‘¬¿Ÿ¡‘ ∑’Ë‡°‘¥®“°°√–· ∑’Ë‰À≈„π¢¥≈«¥ª∞¡¿Ÿ¡‘

N
1 
/ N

2
 = 296 / 407 Turn

4.2 °“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ·≈–‚«≈∑å‡µ®‡√Á°°Ÿ‡≈™—Ëπ¢Õß‡§√◊ËÕß®à“¬·√ß¥—π§«∫§ÿ¡√–¥—∫·√ß
¥—π‰øøÑ“°√–·  ≈—∫

V
1

§◊Õ ·√ß¥—πÕ‘πæÿ∑¢ÕßÀ¡âÕ·ª≈ß, I
1
 §◊Õ °√–· ‰øøÑ“Õ‘πæÿ∑¢ÕßÀ¡âÕ·ª≈ß

P
1

§◊Õ °”≈—ß‰øøÑ“Õ‘πæÿ∑¢ÕßÀ¡âÕ·ª≈ß, Cosθ
1
 §◊Õ ‡æ“‡«Õ√å·ø§‡µÕ√åÕ‘πæÿ∑¢ÕßÀ¡âÕ·ª≈ß

V
2

§◊Õ ·√ß¥—π‡Õ“∑åæÿ∑¢ÕßÀ¡âÕ·ª≈ß, I
2
 §◊Õ °√–· ‰øøÑ“‡Õ“∑åæÿ∑¢ÕßÀ¡âÕ·ª≈ß

P
2

§◊Õ °”≈—ß‰øøÑ“‡Õ“∑åæÿ∑¢ÕßÀ¡âÕ·ª≈ß, Cosθ
2
 §◊Õ ‡æ“‡«Õ√å·ø§‡µÕ√å‡Õ“∑åæÿ∑¢ÕßÀ¡âÕ·ª≈ß

φ11 = V1 / (4.44×fN1)

φ21 = V2 / (4.44×fN2)

√Ÿª∑’Ë 15  «ß®√ ”À√—∫∑¥ Õ∫‡§√◊ËÕß®à“¬·√ß¥—π§«∫§ÿ¡√–¥—∫·√ß¥—π‰øøÑ“°√–·  ≈—∫

µ“√“ß∑’Ë 2  º≈°“√∑¥ Õ∫‡§√◊ËÕß®à“¬·√ß¥—π§«∫§ÿ¡√–¥—∫·√ß¥—π‰øøÑ“°√–·  ≈—∫

0 220 0.67 30 0.21 220 0.00 0.00 - 29.0 - -
1 220 0.94 117 0.56 219 0.42 90 0.99 30.3 0.45 76.9
2 220 1.50 230 0.70 219 0.83 182 0.99 31.4 0.45 79.1
3 220 2.13 350 0.74 218 1.25 270 1.00 31.0 0.90 77.1
4 220 2.70 450 0.77 218 1.68 360 1.00 32.0 0.90 80.0
5 220 3.34 580 0.80 218 2.09 460 1.00 32.0 0.90 79.3
6 220 4.05 710 0.79 219 2.52 550 1.00 32.0 0.45 77.4
7 220 4.61 830 0.81 219 3.03 661 1.00 33.0 0.45 79.6
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V
d

§◊Õ ·√ß¥—πµ°§√àÕ¡¢¥≈«¥¢ÕßÀ¡âÕ·ª≈ß, % VR §◊Õ ‡ªÕ√å‡´Áπµå‚«≈∑å‡µ®‡√Á°°Ÿ‡≈™—Ëπ

% η §◊Õ ‡ªÕ√å‡´Áπµåª√– ‘∑∏‘¿“æ¢ÕßÀ¡âÕ·ª≈ß

4.3 √Ÿª —≠≠“≥·√ß¥—π·≈–°√–· Õ‘πæÿ∑¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“¢≥–®à“¬‚À≈¥À≈Õ¥‰ø

4.4 √Ÿª —≠≠“≥·√ß¥—π·≈–°√–· ‡Õ“∑åæÿ∑¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“¢≥–®à“¬‚À≈¥À≈Õ¥‰ø

√Ÿª∑’Ë 16   —≠≠“≥·√ß¥—π·≈–°√–· Õ‘πæÿ∑

√Ÿª∑’Ë 17   —≠≠“≥·√ß¥—π·≈–°√–· ‡Õ“∑åæÿ∑



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 4 µÿ≈“§¡-∏—π«“§¡ 2548514

5.  √ÿª

°“√π”À¡âÕ·ª≈ß‰øøÑ“¡“„™â‡ªìπ‡§√◊ËÕßª√—∫√–¥—∫·√ß¥—π‰øøÑ“ ‚¥¬°“√‡ª≈’Ë¬π·ª≈ß·√ß¥—π‰øøÑ“∑“ß¥â“π

‡Õ“∑åæÿ∑π—Èπ  “¡“√∂∑”‰¥âÀ≈“¬«‘∏’ ‡™àπ®“°°“√‡ª≈’Ë¬π·ª≈ß®”π«π√Õ∫∑“ß¥â“π∑ÿµ‘¬¿Ÿ¡‘ ®–‡ÀÁπ‰¥â®“° Variac À√◊Õ

Auto Transformer À√◊Õ®“°°“√‡ª≈’Ë¬π·ª≈ß®”π«π‡ âπ·√ß·¡à‡À≈Á°∑’Ë‡°’Ë¬«§≈âÕß¢¥≈«¥∑ÿµ‘¬¿Ÿ¡‘∑”„Àâ·√ß¥—π‰øøÑ“

∑“ß¥â“π∑ÿµ‘¬¿Ÿ¡‘‡ª≈’Ë¬π·ª≈ß ¥—ß‡™àπÀ¡âÕ·ª≈ß‰øøÑ“„π∫∑§«“¡π’È ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ ¡°“√

‚¥¬∑’Ë λ = Νφ π—Ëπ§◊Õ ‡¡◊ËÕ®”π«π√Õ∫À√◊Õ‡ âπ·√ß·¡à‡À≈Á°¡’°“√‡ª≈’Ë¬π·ª≈ß°Á®– àßº≈„Àâ‡ âπ·√ß·¡à

‡À≈Á°∑’Ë§≈âÕß¢¥≈«¥ (λ) ‡ª≈’Ë¬π·ª≈ß‰ª¥â«¬ ¥—ßπ—Èπ·√ß¥—π‰øøÑ“‡Àπ’Ë¬«π”°Á®–¡’°“√‡ª≈’Ë¬π·ª≈ß¥â«¬

®“°°“√®—¥∑”∫∑§«“¡π’È®–∑”„Àâ‡ÀÁπ«à“ ‡§√◊ËÕßª√—∫√–¥—∫·√ß¥—π∑’Ë„™âÀ¡âÕ·ª≈ß‰øøÑ“‡ªìπµ—«ª√—∫√–¥—∫·√ß¥—π

‰¡à®”‡ªìπ®–µâÕß„™â°“√ª√—∫µ—Èß®”π«π√Õ∫¢Õß¢¥≈«¥‡æ’¬ßÕ¬à“ß‡¥’¬« Õ“®®–„™âµ—«·ª√Õ◊ËπÊ ∑’Ë¡’º≈µàÕ·√ß¥—π‰øøÑ“

‡Õ“∑åæÿ∑¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“ ·µà∑—Èßπ’È®–µâÕß§”π÷ß∂÷ß§à“ Ÿ≠‡ ’¬µà“ßÊ ∑’Ë‡°‘¥¢÷Èπ¿“¬„πÀ¡âÕ·ª≈ß‰øøÑ“¥â«¬

‡æ√“–©–π—Èπ·À≈àß®à“¬·√ß¥—π·∫∫§«∫§ÿ¡√–¥—∫·√ß¥—π‰øøÑ“°√–·  ≈—∫∑’Ë √â“ß¢÷Èπ  “¡“√∂§ß§à“·√ß¥—π

‰øøÑ“‡Õ“∑åæÿ∑‰¥â  ·≈–‚«≈∑å‡µ®‡√Á°°Ÿ‡≈™—Ëπ¡’§à“µË”°«à“ 5% ‡¡◊ËÕ‚À≈¥¡’°“√‡ª≈’Ë¬π·ª≈ß  à«π°“√‡ª≈’Ë¬π√–¥—∫·√ß

¥—π‰øøÑ“‡Õ“∑åæÿ∑„Àâ¡“°À√◊ÕπâÕ¬π—Èπ ∑”‰¥â‚¥¬°“√‡≈◊ËÕπ·°π I ¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“ „πß“π«‘®—¬π’ÈÀ¡âÕ·ª≈ß‰øøÑ“

·∫∫§«∫§ÿ¡√–¥—∫·√ß¥—π‰øøÑ“‰¥â∂Ÿ°æ—≤π“¢÷Èπ‡æ◊ËÕ·°âªí≠À“°“√ Short Turn ¢Õß«“√‘·Õ§ ´÷Ëß®–™à«¬„Àâ‡°‘¥§«“¡

 –¥«°·≈–§«“¡ª≈Õ¥¿—¬„π°“√π”‰ª„™âß“π¡“°°«à“«“√‘·Õ§ π—Ëπ§◊Õ  “¡“√∂®à“¬√–¥—∫·√ß¥—π‰øøÑ“‡Õ“∑åæÿµ‰¥â

≈–‡Õ’¬¥°«à“·≈–¬—ß “¡“√∂π”‰ª„™âß“π ≥ ∑’ËÊ ¡’°ä“´‰¥â¥’ ®÷ß°àÕ„Àâ‡°‘¥ª√–‚¬™πå·°àºŸâ∑’Ë¡’§«“¡ π„®À¡âÕ·ª≈ß‰ø

øÑ“·∫∫§«∫§ÿ¡√–¥—∫·√ß¥—π‰øøÑ“∑’Ë®–π”‰ª„™âß“π

6. °‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥Õ“®“√¬å»‘√‘‚™§ ª√‘µ‚µ∑°æ√ ·≈–¿“§«‘™“«‘»«°√√¡‰øøÑ“°”≈—ß §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬

‡∑§‚π‚≈¬’¡À“π§√ ∑’Ë∑”„Àâß“π«‘®—¬π’È ”‡√Á®≈ÿ≈à«ß‡ªìπÕ¬à“ß¥’

e2    =
dλ2

dt
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