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Abstract 

This report presents analysis and design of generating electrical energy from Ocean Tidal 

Energy. Nowadays lacking energy is the most important problem so clean energy or renewable 

energy become more interesting for example wind, solar, biomass and also include Ocean Tidal 

Energy which comes from nature and unlimited source. The Ocean Tidal Energy can generate 

electrical energy which use fixed draw energy technique because of cheaper equipment and less 

maintenances than floating on the sea. This research is testing at freshwater plant in Koh Si Chang 

for reduce cost of generating energy and improve perfolmance of freshwater producing. 

The technique in this report is transformation energy from floating object so it can 

response to ocean tidal. The floating object is pushed up and down depending on ocean tidal and 

then tide core of it with fixed generator. In case of connection, it connects with shaft and gear. 

When floating object moves, Generator is pulled and moves following by characteristics of wave 

form; accordingly, it can generate electrical energy. The energy can be produced all the time as 

long as floating object is moved. The electrical energy wiU be adjusted performance before it 

transfers to loads. 

II 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



\ill CJ 'W~-1-1l 'U fl ~'U 'V1 ~ 6~ ~ -16'li'U ~l CJl -:ilCJth6 ~ n 6~ 8-1 'll n dJ 'U1fl ~ -1 nl ~l -:ilCJ(;) m ~ 8-1 2 tI 1 'Uti 66 ~ n 

61lm~C1~'l~'Vhnl ~'V1(7] 618'lJfllllJ6U'U 1 tll(1)'U8-1-1l'Ul-:ilCJ ~1 IX 68lc;1'WA 88nm1'U ~~~'lJV!,j-1~th'V'18h, 

l'U~1'U'U8-1-1l'Ul-:ilCJ1'Ui)U'lJ~ 21'UtI-1'lJlh~mru 'W.f'1. 2558 v~lIX~lCJ~~65CJ(7]~lCJ-1l'Ul-:ilCJ~:rJfnl:l-1 

61lJm rum n;ff'U A~ 8 (i) 'lml CJ~~ 65 CJ(7] nl~vh'V~~-1-1l'U 6661-18lViA 8~ 6U'U 'W~-1-1l'U~llJ'U 8-1-1l'Ul -:ilCJ:BlJ -6 
" 

v 
(7)lCJ 

~lCJ-1l'Ul-:ilCJl1'l~hi;;1l6~'l~-11(1) ~lhili unPim~ntl~rurul68n 'Ul CJ.fIj'J IXlm6oV-1~8(7] 66~~'UlCJ 
" " " 

'Ul ~'U l CJ 161 'lJru un Pi m~ntl~ ruru ll'V1 61l'Ull f'1l m~lJ1 'V'Ivh ~ -16U'U ~li ~1'U ~llJ nml'Ul~CJ1 'U flf.:j d' 
1 v v v '\J 

!II 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



<V 

61Ta'Uru 
QJ 

Vlih 

'U'VlAVltJtl .......................................................................................................... ............................... ..... . 

ABSTRACT ............................................................ .............. .... ............... ............ .... ............................. . 

n(;1~fI';)';)JJ'lh~fllfl............................................... . ............................................................ . ................... III 


?ll';)Uqj ........................................................... .... .................. ................... .............................................. IV 


?ll,;)Uqj~tJ ................................. ........ ........ .................................... ........................ ................................ VII 


?ll,;)Uqj(;1l,;)l~ ................. ...... .... ................ .. : ..................................... ........................................... ......... Xlll 

d 

'U'Vl'Vl 1 'U'Vl'Ul................................................................................ . ..................................................... 1 


1.1 l(i1~tJ'J~61~~ .......................................................................................................... ............ 1 


1.2 'lJBUb'lJ(i1'lJB~fI1'J~1b{hNTU ................... .......... ....... .......... ........ ......................... .............. 2 
., 
1.3 -iJ'U(i1B'UfI1'J~1b-U'U~1'U .......................................................................................... ............ 2 


1.4 tJ'J~1tJ'lJUm~-rU'il1f1~1'Ul~tJ .......................................................................... ............ .... 3 


'U'Vl~ 2 'Vl~'\j~bb{;'1~VI~flfIl';)~b~t.noiitl~ ................... ............ ............ .. .. ......... ...................................... 4 

cO d 

2.1 fIl';)flfl'\jlfl{;'1'U'Vl~b{;'1 ........................................................... ................................................ 8 


2.2 bb';)~{;'1tltJv11 .......................................................................................................................... 12 


2.3 bfl~tl~-;()mfl{;'11~Yhm~bb?l(;1';)~ ........................................................................................... 13 


2.4 bb';)~v1t11~yhbVl~t.n'l1l~bnVl-;;)lflfll';)bfl~tltl~ (ELectromotive Force) ......................... 15 


2.5 bb ,;)~v1t11~Yh bVl'utJl'lhVi1~-;;)lflbbtJ';)~~ltl .......................................................................... 17 


2.61VlltlVl (Diode) ......................................................................................... ............ ............... 18 


d "" 'U'Vl'Vl 3 lDfIl';)\9\'lbUtI~ltl .................................................................................................................... 2 1 


3.1 ?lJJJJ~\iltlbb{;'1~oiitlfll';)fht1~('i~, ., ...................................................... ... ................................... 21 


3.2 ~nVl'lJtl~bfl~tl~nlbuVl1~Yhm~bb?l(;1';)~vtloUt'UfIl,;)tltlflbb'U'U .............................................. 21 


3.3 	fll';)fhmw .......................................................................................................................... 21 


d = 1..10':1 OJ v d 22
3.4 fIl';)tltlflbb'U'Ubfl';)tl~e-J{;'1(;1 ymlVlltJ~{;'1~~ltlfl{;'1t1'Vl~b{;'1 ............................... .... .... .............. . 


3.5 fIl';)tltlflbb'U'Uvltl{;'1tltJ, ......................................................................................................... 25 


3.6 fIl,;)tltlflbb'U'UfIl,;)fIl'UflJJ~ll~Y1l'lJtl~ bfl~tl~nl bUVl1~Y1l'lJW~ fI~'U'Vll~VlJJtI, 	 , .................. 27 

d 

3.7 bb'U(;1b(;1tl';) ..................................................................................................................... ....... 29 


3.8 Char~e ControLLer .......................................................................................................... 29 


3.9 lV1{;'1Vlvtlmtlfll,;)'VlVl{;'1tl~ ..................................................................................................... 30 

" 

3.10 fIl';)?l~l~1ltli:htl .................................................................. ................ .............................. 30 


IV 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



v 

VI'Ul 

'U 'n'~ 1 " 1= v=0"" 4 f..i 61 nl,)VlI'1618-:J 'UVl8-:J uD'UVlnl'm61::;?lm'UVl~... = 4
,)-:J ....... .......... .. ......... ... .. ....... ................ .... ..... 5 


4.1 Vl,)l'il?l €l'U bfl~8--'lf..i~Vlm::;u?ll)'jyh \X'U bb'U'U~18 i'j~-:J-:Jl'Ufl~'UVl ::; b6lfl 8'UVl 1'1 ?I €l'U .... ........... . 45 


4.2 nl,)bVl18l.J€)umru1 'Unl,)VlI'1?\8'U, ..... ........ ...... ....... ................. .... .... .. .. : ...... ... ..... ..... .. .......... 45 


4.3 15nl,)VlI'161€l-:J ............. ... .... .... ... ....... ....... ............. .. ............ ....... .. ........ .. ............................... 48 


4.4 f..i 61nl')VlI'161 €l--'l .. .. ......... ....... ...... .. .......... .. .. ...................... ..... ........ ...... .. ..... .. .......... .. .. ........... 50 


4.4.1 nl,)VlI'161€l-:J1 'UVl8-:JUB,j~nl,) .............. ... ......... ....... ...................... .. ................ ....... .. 51 


4.4.2 f..i 61nl') VlI'161 8-:J1'U?\m'U~'U1blru'iJl8~-:J .... ...... .. .. ...... .. ...................... ... ... .. .. .. .. .. ...... . 58 


4.5 ?\TUf..i61nl')VlI'161€l-:J ....... ........ .............. ..... ........ .................... .. ... ..... ....... ............... ........ ......... 66
, 

'UVlVl 5 ~'atJ~~n1'a1~mb~~-Um~Umt'U~ ........ ............... ...... ...... ........ .......... .. ........ ........ ........... 67
• 
5.1 ?\')Uf..i61nlTVll'161€l-:J ... .................. .... ......... .. ......... .. .. .. .. ... .. ...... .. ....... .. .... .. .............................. 67
, 
5.2 "]eJb1;l'UeJbb'U::: ....... ...... ....... ........ .... .. .. ..... ................ ...... ... .. .... ..... ............. ... ..... .. .......... ........ . 68 


b8m'1l')Dl-:JB-:J ...................................................................................................................................... 69 


v 
เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



vl'\'i1 

2.1 llJL\i)fl"IJel'lbf1~el'l!:-J~l'lm~LL?ll-Wyh\nnf1~'UlJVll?llJ'VI':i':iULLUUl'll'l '1 ....................................... 5 
, " 
2.2 	 ':i~UU"IJel'lL'VIf1uf1~~~lm'Ulm'lnl':i ............ ................................................................................. 6 


2.3 	 ~umruLLUf1'ler'U~~'l'll'Uf1~'ULu'U~~'l'll'U1-w'l~lLLUU Single ................................. .... ............... 7 


'u v v d U v 1-wY1 .
2.4 	~umnm fl'l!:-J'U~f1'l'll'Uf1fl'UL 'U~fl'l'll'U lbLUU':i~UU .......................... .... ................... .. ... 7 

, , 

c< d'lv4
2.5 	 LL!:-J'U'VIf1'1llJn\i)€llnll"!'VInel VI Ln\i)fllJ .............................. .. .............. .. ............ ............................... 9 


, v 	 , I 


2.6 	 ~n~ru~"IJel'lf1~'UlJlvhu'U':iuf1~'U'IlltJ'U ................ .................... .................................................. 9 

v d " 


2.7 	 fln~ru::;f1fl'U Sea ..................... .. .... ...... .................... ......... ....................... .. ..... ..... .. .. .. ........... ..... 1 1 


2.8 	 ~n~ru::;fl~'U Swell .......... ..................... ............. ..................... ................. ......... .......................... 11 


2.9 	 ~n~ru~f1~'U'VI::;Lfl'UltJ~'l .............................. ..... ... ....................................................................... 11 


2.10 lm'l?l1l'l"IJB.:JLf1~B.:Jnfl1-wY1lm::;LL?lI'l':i.:J ............................ .. .. ... ..... ............. ....... ....................... 13 


2.11 lm.:J?l1l'l~1.:J"IJB.:JLfl~el'lnfl1-wY1lmnL?lI'l':i.:J .................... .... ..... .. ........ .. .......... .. .. .. ....... ............. 14 


2.12 "IJ\i)WJ\i)ViYr'UU'ULLn'ULVI~mLfl~ll.:J':iBU\9l1mI'lLI'lB1 ........ .... ....... .... ............................................. 14 


42·13 nl':iLn\ v 1°.10':1 coO 0 d coO	i)LL':i.:J\i)'U rmlLVI'\.JtJl'Ul~lnnl':iLf1flB'U'VI .. ................................... ... ............................... . 
16 


2.14 LL ':i.:J~'U1yjY1lLVI~m'l1l~Ln\i)~lnnl':iLf1~B'\.J~LLfl::;nDlJB"IJll"IJB.:JbyjfllJ~'l ................................ 16 


2.15 ~n~ru::;~~~lruLL':i.:J~'UhjY1lLVI~m'l1l~UI~lmLU':i.:Jt:h'U~~lLLVI'I1'l~lJ e IPll'l'1 .... .............. 17 


2.16 ~ru~n~ru"IJB.:J1\i)lB\i) LLfl::; ':iu1l.:J~n~ru~"IJB'l1\i)1a\i)vni~llu ................................................ 18 

v 	 " 

2.17 	nl':i~ltJ1UB?lLdB'lvl'U1m\i)lel\i) ............... .. ........................................................... ... ... ............. 19 


3.1 	 Lfl~B.:JnlLU\i)1'VjY1l~ltJ~~.:J'll'Uf1~'\.J'VI::;Lfl ... .... ................................... .... ... ... .. .. ... ............... ......... 2 2 


3 2 1m'l?l':ll'l"IJB'lLfl':iB'lnl L'U\i) 	 _· 	 rmlmtJ~fl'l.:Jl'\.Jflfl'\.J'VI::;Lf1?ll'UU'U ..... .... .. ............................ .. ....... 
" d 0 4 1°.10':1 v v d , 2 3 


" .. 4 1 .10':1" v d , " 	 2303·3 1fl':i'l?l':il'l"IJB'lLf1':lB'lnlL'U\i) 'Vml\i)ltJ~f1'l'll'Uf1fl'U'VI::;Lfl?ll'UVI'Ul ..... ......... .................... .......... . 

" d 4 1°.10':1 v v d ," 2403.4 1m'l?l':il'l"IJB'lLf1':lB'lnlL'\.J\i) rmlmtJ~f1'l'll'Uf1fl'U'VI::;Lf1?ll'U"IJl'l ...................... ........... .. .......... . 


3.5 nl':i-rrUL~B'l"IJB'lYi'UflBtJ, .......... .............. .. ....... ................ ............. ............. .... ... ................. .... ........ 24 


3.6 	 ~'Uf1BtJ ........................ ........ .. ............. ... .... ... ........ ............. ............ ................. ........ ... ............ ... ... .25 


3.7 	 lJlJ-ru bL ':i.:Ju~'VI::;, ..... ......................... .... .. ... ........................ ............................. .. .............................. 26 


3.8 	 ~n~ru::;nl':iLf1~B'UVi"IJB'lYi'U!;1BtJ, ........ .. ........................ ......... ..................................................... 27 


3.9 Lf1~B'lr1lLu\i)lyjY1lm::;LL?lI'l':i'l ................................. ..... .. ............................................. .. ................ 27 


3.10 1.:J~':iL~tJ'lm::;LLmLUUU1\i)~1\i)lB\i) .............. ................................... ............................... ........ ...... 28 


o Q. ~ V 1 v 1 " 	 211
I v3.11 	nl':i'VIl'll'U"IJB'll'l~':iU':i\i)~"IJruv~ltJ UB?lI'l':i.:J VlflU 02 , 04 ...... ... .. .. ........................ ....... ...... . " 


o Q. ~ '1'" 1v..,3.12 nl':i'Vll'll'U"IJB'll'l~':im\i)~"IJru:;~ltJ UB?lm'l Vlnu 01 , 03 ........ .. ................................ .. ....... 29 


3.13 nl':i1i'll'U"IJB'l Charge Controller ......................... .. ............... .. .................... ..... .................... 30 


c< v :"!ol"o 'l .. 3 1 

3.14 LI'l':itJlJl?l\i)'VI b 'U'VIl'U\i) bfl':i'l Lf1':lB'l ............................................................. ..... ........... .. ................ ..
, , 

QJ 	 c::: ~ ~ 1 ..L 	 ?
3.15 I'l\i)LVlf1nnflB'lLLfl::;L'UBlJLVlflfl'U\i) m'lLf1':lB'l .... ......................... .......... ....................................... Jl
, 

.d~.d ~ v 

3.16 'U\i)1f1':i.:JLf1':lB'l'VIL'UBlJL?l':i~LLm ...... .. ...... .. .... ......... .. ... .. ........... .. ... .... .......... ................. .. .. .. ... ... .. ... 32
, 
3.17 'VIlffif1':i'lL?l~~L~tJU 1BtJ ........ ............... .. ... ............. .......... .. ................ ...... ........ .. ................... .. ... 32 


VI 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



vn'.h 

3. 18 b\9l1tJl.r)?lVJvll~'U61€JtJ .......... ........ ... .. .... ..... ...... .... .. ......... ...... .. ............................... .. .. ... .... .......... 33 

v 	 ~ 0 I 


3.19 bb?l(il':lnT:i\9l(ilbV!(1f1'V11"l'U61€JtJ ...................................................................................................... 34 


~" '" 1 ' 3.20 	\9l(ilb'VI(1f1mmb61~b'1J€ll.J A':i.:J"l'U61€JtJ ....... .......... .. ...... .............. ..................... ... ,..... ,........... ... ... ..... 34 

1 I ~ c:; i.J


3.21 A':i.:J"l'U(1€ltJ'VIb?l':i\Jbb61l ........................................ ,............................ .. ,....................................... 34 


3.22 	bb?l(il.:Jfi1':iil(il1'V'll.JbYlml11'thJ':i':i\Jl'U1AHvl'U61€ltJ ......... .. .... .. .......... .. ......... ...... ......... .... .... .. ...... .. 35
, , 
°1 "'~hJ 11 ' "''' 3.23 'Ul ~l.J'VI\9l(il 'U1':i~ 'U m.:J"ll.J61€ltJb':itJ'U1eJtJ .............................. ,............ ......... .... .... .... .. ... ...... 35 


i./lI 'iI v IV c:; q v

3.24 'VI'U61€JtJ'VIl.J(ill tJ ~l 'U'VI'U.:J b?l ':i\J b':itJ'U':ieJ tJ ..... .. ................... ..... ............ ....... .. .. .................. ............. 36
, , 

c::oI I C:jCR I V 1

3.25 	bb?l(il.:Jfi1':i'VI1?lbb~'U'VItJ(il'VI'U(1eJ tJfI'U bA':i.:J ....... ... .... .... ............... ....................... .. ... .............. ... ....... 36
, 

Q,I III V v "i

3.26 	b\Jl~ bb(1~ 'lJ'U'U€J\9l b'lJl fI'U bb'lJ'U'lJeJ.:J bA':i.:J .................... .. ...... .. ... .. ......... .... ... .... ............................. ,... 37 


3.27 bb?l(il.:J fi1':i-lJ'UU€J\9l bb'lJ'Ubo1Jl n'U~'U(1€JtJ ...... .............. ... ..... ...... ...................... .. ..... ..... ........ ...... ........ 37 


3,28 ~(ilbb'lJ'U'lJeJ.:J~'U(1€J tJ b?l~\Jb1tJ'U1€JtJ ......... ......... ... ....... .... ,.... ... .. ,.... .. ............. .... ,... .. .... ... ... .. ......... .38 


3.29 bb?l(il.:J fi1':i~(ilbb'lJ'U'lJ€J.:Jvi'U61€J tJ~ (iln'U1m.:J ... ... ........ .... ........... ...... ... ..,..... ..,... .......... ....... ... ........ .... 38
, 
1
q I ClI. v c:; c::oI 'i.I 	 ""' 

3.30 tJ(il bb'lJ 'U'lJ€J.:J"l'U61eJtJ \9l(il fI'U m.:J b?l':i\J b':itJ'U1€J tJ .......... ,.. .................... ....... .,.............................. ... . 59 


3.31 bb?l(il.:JfIl':i£j(ilbA~€J.:Jfh bU(il1'V'lvh~(iln'U1m.:J ............ ...... ... .. ...... ............. .............. .. .. ........ .. ...... .. .. 3 ,-; 


3.32 bb?l(il.:JfI1':i£j(il~eJ~€JA?l~~l'UbYJm bb61~b~61 1 bYJ€J.:J ......... ..... ................ .. ..... .. .... ... ......... ...... ... .. .. ... 40 


3.33 ~(il~€J~eJA?l~'V~l'UbYJ€J.:J b~61l bYleJ.:Jbb(1~bA~€J.:Jfh bU(il1'V'lYh ~(iln'U1A':i.:J b?l~\J b1tJ 'U1€JtJ ........... ... 40 


3.34 b\9l1tJl.J€J'\.J mruvll~Al'UAl.J .................................................. .. .......... ,' ,.. ..... ... ..... ,........................ 41 
, ", 
'" < .. 0 n 1
3.35 	bb?l(il.:Jfi1':itJ(il'q(il'!ll':i\J bb'U\9lb\9lmbl61~ l.:J\J ':i'UWI\J (i'I €J(i'I .......... ............ .. .. ...... .. ........ .......... ......... .41 


d If .d Q !'1 "i i.I tU t.I c:; <::::.I i.I

3.36 tJ(i'l1(il'1J l':i\J bb 'U\9l b\9lmbb61 ~l.:J\J':i'U1(i'1\J b(i'l beJ(i'lb'lJlfl'U~m'U~l.J b?l':i\J b':itJ'U':i€JtJ .. ,..... .. ............... .... 4 2 

0<:::1. IV 	 i.I c:; C. 'lI 

3,37 	\9l(i'l\9l.:J~m'U~l.J b?l':i\J b':itJ'U1€JtJ ................. ..... .. ........................ ............ .................. ..... .............. ... .4 2 


3.38 lA~€J .:Je-J~\9lm~ bl?l1'V'lYh~ltJ~~.:J.:Jl'UA~'U'VI~ b61 ~(i'I ~.:J'U1 blru'1JltJ~.:J~?l11.:J b?l~\J l1tJ'U1€JtJ 

(1ii'1'U'VIU1) .. .............. ........... .................. ................ ................... ............. ........................ ...... ....... .4 3 


3.39 bA~eJ.:Je-J~\9lm ~ bb?l1'V'lVh~ltJ~~.:J.:Jl'UA~'U'VI~ b61~(i'I~.:J'U1 blru'1JltJ~.:J~?l11.:Jl?l~\J b1tJ'U1eltJ 


(~I'Uil.:J) ............ ......... ....... ..... ............. ..... ... ...... ........... ...... ............... ....... ::..:-:-: ....................... .... 43 


3.40 lA~€J.:J~~\9lm~ bb?l1'V'lvhlii'ltJVl~.:J.:Jl'UA~'U'V1~ b61 ~(i'I~.:J'U1blru'1J ltJ~.:J~?l11.:J b?l~ \Jb1tJ 'U 1eJtJ 
( QQ

~l.J?l1l.Jl.J\9l) ...... ..... ............................................. .. ...... ........ ... ........ ..................... ....... ..... .............. 4 4 


4.1 bA~eJ.:Je-J~Vlm~ bb?l1'V'lVhlii'l tJ~~.:J.:Jl'UA~'U'VI~ b61~(il~.:J'U1blru'1Jl tJ~.:J~~1eJl.J\J~'VI(i'l61eJ.:J ........... 45 


4.2 '!l(ilbn'U'\.J':i~\J1'V'lvhvflm'Ufi1':i'VI(i'l?l€J'U ........ ... ... ........ .... ... ..... ........ ... .. ...... .... .... .. ........ ....... .... .. ...40
, , 
'I '" '" Q < ~ '!:'I4.3 '1JvlbAl.J'UeJeJ'U b'll'VI'VI':i€J'UfI?l DC 12 V 10 W 'VI b'1Jb'Ufi1':i'VI(il?leJ'U ................ .......... ........ .... .... .. 46
, 

, • I 	 , 

'" '" "" Q 1· ·1 ~':1" ~ "" 4.4 ?lfll'U'VI'VI\J~'VI(il61eJ.:JbmeJ.:Je-J61\9lm~bl?l m11(i'1lm~m.:Jl'UA61'U'VI ~ b61 .............. .. .. ....... ............... 47 


4.5 il61~JJl\9leJH(i'l bl':i .:J1i1'U1'V'lY1 1 ................... .. ........ .... .. .... ................... .. .. .. ..... ....... ... .. ................. ..... 47 


4.6 bb €l l.JJJ bVleJ1 bb'U'U b~l.J ..................... .... .................... ... ............................ ........ ....................... .... .... 48 


4.7 '!l(i'll.:J\J':i'U1(il\J1(i'11eJ(ilbl61~'ln1\J'\.J':i~\J1'V'lvhl'imo1Jl n'UbA~eJ.:Jfh bu(il1'V'lY11 ..... ..... .. ... ........ .......... 49
, 	 , 
Q t '" 1•. 1~':1 v '" Q t i1 	 49
Q 	 A4.8 bb?l(i'l.:JfIl':i\9l(il\9l.:JbA':ieJ.:Je-J61\9l m~ bb?l lml(i'lltJA(1'U'VI~ b61 \9l(il\9l.:J'U':ib l ru'1Jl tJv.J.:J .. .. ......... .......... .... . 


VlI 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



Vi til" 

Q..J d v d

4.9 	 bb61V1'l fn';i~1J nm bYfeJ1J'U'Ylflt-Jr1fn';i'YlV1r1eJ'l ............... ...... ........ .. .. .. .. .. ................ ...... ................. 50 


....................... .. ...........................................4.10 	 v v 1vh~ 1 ' "" dd'
61 t\jt\jl rubb ';i 'lV1'U l 'U'1J ru:::;'V)'Ur1 eJ tJ bf1r1 eJ'U'Yl'1J'U 52 


4.11 	 v vhhJ:J1 ' 61 t\jt\jlrubb';i'lV1'U , l 'U'1Jru:::;'V)'Ubf1.. dr1eJ'U'Ylr1'l ....................................................................................52 


4.12 	 fn';ibU~tJ1J bYitJ1J bb ';i'lI'l'U1 vJ¥1lnm:::; tJ:::; fn';i bf1~eJ'U~'1JeJ'lYi'Ur1eJtJ1'U'1Jru:::;Yi'Ur1eJmf1~eJ'U~, , 

" 
~'U,r1'l ......................................................................................................................................... 53 


4.13 	 61t\jt\jlrubb';i'lI'l'U1 vJ¥1l bbr1:::; m:::; bb611 vJ¥1l1'U'1Jru:::;~'Ur1eJtJ bf1~eJ'U~~'U ........................................... .54 


4.14 	 61rurulrubb';i'lI'l'U1vJ¥1l bbr1:::; m:::; bb611 vJ,\,~l1 'U'1J ru:::;Yi'Ur1eJtJ bf1~eJ'U~r1'l ............................................ .55 

v v 	 , 

4.15 	 fn';ib U1tJ1J b YitJ1Jrllf1'l1 vJ¥1lnm:::; tJ:::; fn';ibf1~eJ'U~'1JeJ'lYi'Ur1eJtJ1'U'1Jru:::;Yi'Ur1eJmf1~eJ'U~ 
" 	 " 
~'U,r1'l ...................................................................................................................................................... .56 


4.16 	 fn';ib U1tJ1J b YitJm:::;Vrll'lf1ll~ b11 ';ieJ1Jnm:::; tJ:::; fn ';ibf1~eJ'UYi'1JeJ'lYi'Ur1eJtJ ............ .. ...... .. ..... .. ..... .57 

.Id 

, 
d '0 v 1.. lo~ v ~ !-;'l "" d , 	 58
4.17 	 fn';ib u';itJ1Jb'YltJ1J';i:::;Vlll'lfnm ymlfl1Jnm'Yl b'(j b'Ufn';ibf1r1eJ'U'Yl'1JeJ'l'Yl'Ur1eJtJ ....................... ..
, 

4.18 	 fn';ib U1tJ1J b YitJ1J bb ';i'lI'l'U1 vJ¥1lnm:::;tJ:::; fn';i bf1~eJ'U~'1JeJ'lYi'Ur1eJtJ1'U'1Jru:::;Yi'Ur1eJ mf1~eJ'U~ 
" 	 ' , 
~'U,r1'l ......................................................................................................................................... 60 


4.19 	 fn';ib U1tJ1J b YitJ1Jrllf1'l1 vJ¥1lnm:::; tJ:::; fn';ibf1~eJ'U~'1JeJ'lYi'Ur1eJtJ1'U'1J ru:::;Yi'Ur1eJmf1~eJ'U~ 
i.J v 	 ~, 

~'U,r1'lbbr1:::;~'Ur1'l ...................................... .................... ...... ........................................................ 62 


4.20 	 U';i:::;?1'Yl6m~'1JeJ'lbf1~eJ'lrllb'ilV11'\'~¥1l ......................... .. .. .. ....................................................... 64 


4.21 	 U';i:::;?1'Yl6m~'1JeJ'l';i:::;1J1J1 vJ¥1l ........ .. ... ............................................................ .... .... .. ... .. .. .. ....... 65 


4.22 	 U';i:::;?1'Yl6m~'1JeJ'l';i:::;1J1J .......... .. .. .. .............. ...... ............ .. .. .. .. ...... ........... ...... ...... .... ......... .. ......... 66 


VII1 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



" 'Vl'Ul 

1.1 	 bbt:-.!'Unldv11bU'U.:Jl'U ....................................................................................................................... 3 


11 1 v de d 0 ~ 1o.lo~ 1 '~ 	 51

'+. 	 bb?lVl.:Jnld'U'U'Vlnt:-.!G'1nld'VlVlG'1€J.:Jbfld€J.:Jnlb'UVl ymlbb'U'U 1I1i b'VlG'1Vl .............................................. . 


4.2 	 bb?lVl.:JnldtJ'UVint:-.!G'1nld'VlVlG'1€J.:JU"l~€J.:JrhuVl1vJY111'U'1Jru~~~'UG'1€Jm\"l~€J'U~~'Ubb'U'Uffi 'VlG'1Vl 


10 w ............................................................................................................................................ .. 53 


4.3 bb?lVl.:J nldtJ'UVint:-.!G'1nl d'VlVlG'1€J.:J b\"l~€J.:JrhuVl1vJY111'U'1Jru~~vi'UG'1€Jm\"l~ €J'U~G'1.:J bb'U'Uffi 'VlG'1Vl, 

10 W ............................................................................................................................................. 54 


4.4 bb?lVl.:J nldtJ'UVint:-.!G'1 nl d'VlVlG'1€J.:J b\"l~€J.:J rh bUVl1vJY111'U'1Jru~~vi'UG'1€JtJ b\"l~ €J'U~~'UG'1.:Jbb 'U'UffiVlG'1(il, 
10 W ............................................................................................................................................. 55 


4.5 	 bb?lVl.:J nldtJ'UVint:-.!G'1 nld'VlVlG'1€J.:J'Vll \"Illl1 b~ld€J'U ........................................................................... 56 


4.6 	 U?lVl.:J nldtJ'UVin t:-.!G'1 nld'VlVlG'1€J.:Jnld bU~tJ'U bVitJ'Ud~'Vlll.:J nl~.:J1vJY11 n'U nmvhm'Unldb\"l~€J'U~ 
, r: ­

'1J€J.:JV)'UG'1€JtJ................................................................................ ................... ................................ . ( 

, 	 ., 

o .:!:oI.:::::oI .:::::01 0 Q..I 1 ' 
4.7 	 ~l'Ul'U~n\"lG'1'UbuG'1tJ'Vl'V11nldl(il 'Unm~m'l ............................................................................... 59 


4.8 bb?lVl.:JnldtJ'UVint:-.!{;1nld'VlVl{;1€J.:Jb\"l~€J.:JnlbUVl1vJY11 bb'U'Uhiffi'Vl{;1Vl1'U'1Jru~vi'U{;1€Jm\"l~€J'U~
1 	 1 

, 
j,.I 	 , 1 I I , 

c< I .:!:oI.:::::oI d d ..:::.. v "" ~ 
'1J'Ubb{;1~ 'U'1Jru~'Vl'U{;1€Jm\"l{;1€J'U'Vl{;1.:J 'Vl?lm'U'Vl~d.:J 'Ul'U'Vl 9 lIt:1'UltJ'U 2557............................ .. 59
, 	 , 

4.9 bb?l(il.:JnldtJ'UVint:-.!{;1nld'VlVl{;1€J.:Jb\"l~€J.:JnlbUVl1vJY11 bb'U'Uhiffi'Vl{;1Vl1'U'1Jru~vi'U{;1€Jm\"l~€J'U~, 
iJ " , 

d.:::::ol ~
.:::::oI"""'1Vd
'1J'U{;1.:J 'Vl?lm'U'Vl~d.:J 'Ul'U'Vl 9 lIt:1t!1tJ'U 2557 ............................................................................ 60 
, 

4.10 bb?lVl.:J nldtJ'UVint:-.!{;1 nld'VlVl{;1€J.:Jb\"l~€J.:Jnl bUVl1vJY11 bb'U'Uhjffi'Vl{;1(il1'U'1Jru~vi'U{;1€Jm\"l~€J'U~;ff'U, 
" 
 ."" "" 1 "" ~~ v'Vl?lm'U'Vl~d.:J 'Ul'U'Vl 9 lIt:1'UltJ'U 2557 ................................................................................... 61
, 

4.11 bb?lVl.:JnldtJ'UVint:-.!{;1nld'VlVl{;1€J.:Jb\"l~€J.:Jnl bUVl1vJY11bb'U'Uhjffi'Vl{;1(il1 'U'1Jru~vi'U{;1€Jm\"l~€J'U~ 6'1.:J, 
, . 	 . 

.:::::01.:::::01 Q..I Q..I .:::::011 v "" ~ 
'Vl?lm'U'Vl'U1.:Jbb?l'U ~.:J'VllVl'1JG'1'Ud 'Ul'U'Vl 9 lIt:1'UltJ'U 2557 .................................................... 61 
, , 

4.12 bb?l(il.:JnldtJ'UVint:-.!{;1n1d'VlVl{;1€J.:Jb\"l~€J.:J nl bUVl1vJY11bb'U'Uhjffi'Vl{;1Vl1'U'1Jru~vi'U{;1€Jm\"l~€J'U~, 
iJ " 	 I 


d .:::::01 .:::::oI"""'1Q.1.:::::o1 ""'" 
'1J'U{;1.:J 'Vl?lm'U'Vl~d.:J 'Ul'U'Vl 9 lI~'UltJ'U 2557 ...................................................................... .. . 62 


11 13 v c< 01 = ~ d 0 ~ 1o.lo~ 6 3 

'+. bb?l(il.:J nld'U'U'Vlnt:-.!G'1nld'VlVl{;1€J.:J'Vll ud~?I'Vl5.nl~'1J€J.:Jbfld€J.:Jnl b'UVl Yml .................................. . 


11111 vc< 01 ~~ ~!'1<j' 	 611 

'+. '+ bb?l(il.:Jnld'U'U'Vlnt:-.!{;1nl d'VlVl{;1€J.:J'Vll ud~?I'Vl5m'YI'1J€J.:Jl.:J~d'UdVl~ bVl b€J(il ..... .............. ........ .......... '+ 


4.15 bb?lVl.:JnldtJ'UVint:-.!{;1nld'Vl(il{;1€J.:J'VllUd~~'Vl15m~'1J€J.:Jd~'U'U ................................... .. .. .. .............. 65 


IX 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



U'VlVi 1 
o 

U'Vl'U1 

V1l!'UbltJ'U~.:t1J11'Ufr:mJ6'ltA'IllJ1n~'U ~l<}1b'11'U YHr.:t-:Jl'Ui'llJ bb6'l.:t~l<}1!i1~ ~lrn'W 11lJ~.:t'W~.:t-:Jl'Ufl~'U 
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1 vJ-Wl'ill nbfl btli'l1~Jl'il~6'lllJ11mth1J1bbi'l~'Wm~ tJ'I bb(ib~'U'U(i).:tmiTl tJ'IlJfllllJ b~tJ,1V1i'll tJ'\J1~ nl11 U 

!ill'Ub?1~tJ1 rn'W Bl<}1b'11'U b~€l!i1€l'U~'UtJd lJ'1ll11l bflbtli'l1~Jl~bnl~~.u.:t'1Jl\91b~~'1'ill nmj'~bV1I'l'illn, , 
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1vJ-Wl?1llJ11f1?11l'l'W~.:t,:n'U1vJ-wl1J1 'W~.:t.:tl'U~~~!i11!il'il~6'lllJ11f1~~!i11J1(i\i'l€l\91 bli'll~ fl~'U m~Vl'Un'U 

ril1l!i1f1i'l~tJJl L\91tJ'W~'1'1l'U1vJ-wl'il~fln'\J1'U'\J1 '1flrurn'W 1 ~?1llJ1Jfl1i'll'U1!il n~'U~'il~~ltJ1~n'uhm\91 
'I 'U" ~ 

L 1 ll'1rlth:::61'l~, 
1.1.1 bY;~~~(i\€lLJmru~'Ubb'U'U~ bb'\Ji'l.:t'W~.:t.:tl'Ufl~'UbtJ'U'W~'1.:tl'U1vJYh'1J'Ul\91b~n1J1L\91tJ~\91~-:J~, 

bnl~~.u.:t '1iltJi'll'1rnJ~nlJ1oU1vJ-Wl'1J~.:tLJ.:t~~(i\Jl~\91 
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'\.J';i:; ~Y1i5 Jll'V'l bb{;'1:; b.u'U m 'J'\.J';i:;'lJl ~:IJ~'U6fr;mJ ?lllJl 'Jf1'U D.:Jl!flG11 m'U D.:J ?I mu'U '1 

1.1.3 b.yj'€Jf1m~lti'm~ru::;'UD.:Jbfl~D.:Je-J~1'11 yJVh~')(.Jfl~'UY1:;b{;'1~Vl~.:J'U"1blru'IJl8~.:Jbb{;'1:;ti'n~ru::;m'J 
e-J ~ I'llyJVhl'1l:IJti'n't'}ru::;'VD-1 fl~'U~'U"1b 1 ru'IJ l8 ~.:Jb m:; ~<U.:J 

1.2.1 ?l1l.:JDU mruv1'U bb 'U'U'UD -1 m'J bb '\.J{;'1.:J'V'ltl-1-1l 'U fl~'U b.u'U'V'lti'-1-1l'U1 yJVh'V'UlVl b~ nl~ bb{;1::;, 
?lllJl'Jf1U'J:; 8n1'11';)n'U'€Jumru1yJvhHfmh.:Jiiu'J:;~Y1i5Jlll~, , 

1.2.2 ?lllJl'Jf1e-J~1'11yJVhb'YiD'1i18{;'1VlJll'J::;fh l yJYh'Ul.:J?h'U 1 Vin'U1'J-1e-J~I'1Jl~Vl'VD-1bnl::;~<U~1~ 

... 
1.3 "Il'U~eJ'Unl':i~hbtJ'U-nu 

1.3.1 1'1'JT\J?lD'Uflll:IJb.u'U 1 u1~ 'UPln8Jll'V'l'V'lti'-1.:Jl'U DDmb'U'Ulfl'J-1'h:J bb{;1::;~l'J:;'U'U 
., ..­

1.3.2 DDnbb'U'Ubb{;'1::;'V'l'JlJ'UlI'1'UU'U'U 

1.3.3 'Jlm::;'U'Ubb{;'1::;~'Jl\i?lD'U'J::;'U'U 

2556 2557 

l.ml\i?lD'U 

flllW.u'U1u1~ 

1'UPln8Jll'V'l 

'V'l{;'1-1-1l'U 

DDmb'U'Ulfl'J-1 

1l.:Jbb{;'1::;~1 

'J::;'U'U 

3 . 'Jlm::;'U'Ubb{;'1:; 

ml\i?lD'U'J::;'U'U 

:IJ.fl. n.'V'l. ii .fl. 
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1.4 th::1t1'1lUm~~mnn,:nul~tI 
1.4.1 b~tJ'iJ~VI~nm 'lVh'lI'iJbb~~~\9lJ'iJl bA~B'l\ll'iJ bb UU'l:;uu~~\9l1V'h~ 1~1 tJ'V'j~'l'lI'iJA~'iJVl:; b~ 

" 
1.4.2 	 bA~B'l\ll'iJbbUUC11lJ1'lml1hh_h:; tJ,nv1'1iltJi.l~m 'i~flt1 vJYhU1'l~l'iJ1 Vitl'u 1'i'lr.J~\9lJl~(i11~ 
1.4.3 	~~BmlJml:lJ'~m'lH'V'j~'l'l1'iJ1Vitl'U'11lJ'11'iJ~I'iJl'iJ 1 A{'l" 	 , 
1.4.4 	b~ B~\9lJ'iJ1 'l1'iJ")~tJ1 Viii n1'i~\9lJ'iJ1r.J~\9li1ru<ii ~1'iJ'V'j~.:l ·:11'iJ1 Vltl'UVI'lJd tJ.:l l'iJm A~] ­

.f11AbB n'11'iJ bbi.l:;uAAi.l~lltJ~i.'t'iJ1 ~n l'li.l ~1';{'V'j ~.:l.:lI'iJbbi.l:;i.l (i1ril1.;{~1 tJ1'iJ nl 'iUlb oiJl, 
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d 
'U'Vl'Vl 2 

'llfllf1~Vlfll'Jrufll'J'lJ1VlllA6'i'UJlil'U l~m~~ ,m6'i::;~~\l\l1'U'Vl~ II 'Vl'Uv11-tl1 'U1J'l yU'U~l161 fI ~\lil 

Al llJ~'U \9ll1'Ufll'J'Ill~ ~'1'11'UVllJ'U II tJ'UlJlH 11i1lln ~ ~\l \l1'U 6'ilJ ~~\l\ll'Ull?l\l eJ 1 Yl Vl ~ ~~\l\ll'UJ1. 

~~\l'l1'U1yJ.y..h:Ulfl l "ll6'i~ll?l'leJ1Yl\?l~ lU'U~~'1'11'U?l::;€llVlhjiJvh,l'ieJ~'1ulVl~mJ ml::;lu'U~~'1nu~ 

?lllJl'JnVl11mli1~ltJ 

JllJl10if l~ eJ \l:Ul flil ?lin ~ f1lhJ'J::; l 'Vlf'l\~\l'Vll\l f)l AVl d''U eJ eJ fI ll6'i::; f11 A1~ lu'U~mHU:; "1l1 tJ ~ '1 
OJ 

'U eJ fI:Ul fldA ~ 'U~'U8\llfl ~t'UVl6'i €lVll l 611 'JllJ~\llu'U~~'I '11'U~il mJ1:1.i ~l nVl (i)'1~'U~~'1'11'U A ~'U :S\lii 
" 

fldllJ'l11?l'U 1 :u~'I11lJle.Jf1Vllu'U m::; ll?l1 vh~ 1 ?11Vl1'Ul'VlAilA~n m~ €lfllJl1 oifilVlfllflVlfll mJ'J::; lf1'VlllU'I 
. " 

eJ€lmu'U 2 'IJ'J::;UI'VlVl~fll A€l 'IJ'J::;lf1'Vle.J~Vl~~\l\l1'U:Ulfl~'lJmrue.J~Vl~~'1'11'U"1lilVl€l~nU~ (Fixed) ( 

l'ii'U Oscillatins Water Column bl6'i:; Overtoppins Oevices )ll6'i:;'IJ'J:;lf1'Vle.J~Vl~~'1\l ltl:Ul ?1 

€l'IJmrue.J~Vl~~\l\l1'U"1lil~6'i€ltJ€l~'IJ'U~llJVll?llJ'Vl':i (Floatin o ) ( l'ii'U Attenuator, Point Absorber 
, \J, ~ 

ll6'i:; Oscillatins Surse Converter) 1~m'VlAilA~'I11b?l'U€l:u:;H~'lJmruf.,lfiVl~~\l\l1'U"1lilVl€l ~n'U~ 

(Fixed) ~'1iJi€lOi flll'1lil~6'i€ltJflm\llJVll?l~'Vl':i (Floati ns) b'V~'Jl:;~'IJ mruv11oif:u:;~€l\l'Vl'U ~€l?lm~ fIl'J 

n~fI~€l'U11i1Oi l~€l\l:Ul m:;'IJ'IJ~'1V1lJ~:U:;€l ~ flfll\l'Vl:; l6'i fll 'J'I11~~\l \l1'UlJl1oU:U:;~€l\l1oU?ll tJ1yJ~lJl fl fI'"ll 
v , ~ " I 

'JllJ Vl\l fil'J'Ii €llJ'l..Jl 'J 'IVl ~ \l tJl fI fill (i)\lU'I.J b'VlAil AVl'l1 ~I b?l'I.J €l~'1VlAlllJ b VllJl:;?llJ fllll 'Vl Ail A ll l'J~~ 1'1. . 
, v , 

fI 'J:; ll?l1 yJV11"1l'WVl6'i€l tJ€l~ fl6'il \l'Vl:; b6'i \9ll eJ ~1\l'lJ eJ\lA~'I.J'I11ll6'i:;'llVl nl bil ~~~\l\l1'I.J:U1 flA~'I.J ll'IJ'IJ ~l'll 

ll?lVl'l1 'I.J 'J 'IJ~ 2.1 
OJ 

Oscillatins Water Column Overtoppins Oevices 
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Attenuator Point Absorber 

Oscillatins Surse Converter 

V'l~\I\ll'U'll nfl~'U (Wave E nersy) lU'Ue.JG'1 'lln m'HUJ \1)G'11~'VIll \lV'l~\I ':) 1 'U'U"UtL~~ 
v 

V'l~\I\ll'U~mJl 'U'1Je).:J1'VIG'1 llG'1~V'l~\I.:Jl'U 111.Jllfi€le.JmllJ'UEl\lV'l~.:J,:n'UYI\I?lEl\l ?lllJll'lfhLn nm"~ 

llml~'VI1~'llm'\lJml~ 1,2 bbG'1::; 3 

(2.1)KE + PE =: pfH (~V2 +gy)dy 
r 

"f l 2 if"2 1 22E =P ( - V + gy)dy = - P V dy +- pg(TJ - h ) (2.2) 
-h 2 2 -h 2 
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E = -1 
pgA 2 + -

1 
pgA2 cos 2 (lex - CtJI) . (2.3) 

4 2 

I .~ 
l b~ 
(~ 

d~' 

~'l~6l'l'll'iJVll'lfl!;1vfl~~\J'ill flA~'iJ'il~ci'l~TWU!;1~ bb U!;1'l bU'iJ~ 6l'l '1 l'iJ 1 vJvh~J mA~8'l(h bD~1 vJvh b~e:J 

e:JU fI'HU!;18tJL11 bn~fIl ';ib~e:J'iJ~'iJb~8'iJ!;1'l btieJ'l'illflA~'iJVl~ b!;1 ci'le-J!;11VibA~8'lnl bD~1 vJvh bn~ fI'WV1:IJ'iJ, , 

bYl8e-J~l'lm~bb?llvJvh bb~Jci'l~81ucJ'l'llI'lB'iJbJe:J4bl'le:J'hYlm~:lJflrum~~'I! 'I!1 ruVll'll vJvh bb~Jci'l bil~ 
';i~'U'U1vJ~lVl1eJ bA~8'l1itvJ~l \9181U 
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2.1 	wr;1''Intmiii'U'Vl:;b61 

f1~'UbUt!'YH~'.:jnu~iitiElmlJ5ddlJ'Ul~1t!YI~ b~ A~t!?11:lJld(1nlb'u\111~'ill n~.:j~lJ 'n d 
" 

b'\J~8'Ubb'\J~.:jAdllJn\11mnll'l VI~mbiibb~b~tI~bb~'UcJ.:j?11:lJld(1ritilVibn\11A~'U Ul.:jf1~.:j bdl cJ.:j~tI':hJl~'U 
Jl~.:j n b U'UA~'U'UU\11V1~.:J~ii AlU b1~1 A~'UVI~18~1hJ.:J bb~~lJ bU'U?11 bVI\l1V1 #i'n~ri tilVid~\11A~'U~'U1'U 

d:;v1U~lJ1Yl~b~~.:jiiAd1lJVlU\11 (viscosity) b~tlbln~lJYr\11~1'U~lJ1 "'ildJ\11" tltInvlllJbbd.:j~lJbb~l'il:;
" 

"VI\11" Jll n#i''Ub~e)'rn'\jl?1lJ\11~~l, tlbb d.:j~.:j~l (surface tension) ~.:j~J1 nii#i'n'\jru:;A~18-)1'1 bI, 
8~VI~'UBtlt!1 (elastic membrane) 1~8nld8\11bb~:;VI\11b~tI.:j'illmmv1.:jn~nyh1ViJl~lVlUl1f1.:j~'U 
bb~:;lf1.:j~.:j (unduLate) bn~f1~'U'(J'Ul~b~n~'Ul'U~~~ (ripples or wavelets) A~'U'(J'Ul~b~n1bVl~1~ 
'il:;'\Jdlnn1Vib~'Ub~tllJ~lJYr~b'Vh,r'U~1~lJVl8~YrM)~'UbVI~l'd'il:;?1~181'11bn€lUY1'UYl~ ~1'U~n bdVl~ .:j " ) 

:..J , 	 " 

bUt! A~'U~iitl1 ~~'U~tI:IJl b~ tllJ~lJ~~~tI b~tI.:Jn\ibD'Ub1 ~1'U1 'U~tI?1lJAld A~'U bVI~l ~'il:;A tl81 '(J818 

11'l~'Ub~d1:::~lJl~" '(J~'(Jd:::" b~tI.:j'il1nlJA~t!'(J'Ul~ b~ n 1V11l Vibil~~'U~~llmh'U~'il:::-ru~lJ b~lJ~'U 
(~1'U'U'U) f1~'U~'(J8181Vl~'Uii~tl1VIlJ1lf1~'U Sea VI:IJl8 (i.:jf1~'U~cJ.:jtl81'U'U1 b1 ru~ii~lJ~~lJ AdllJ811 

" 	 'OJ 

A~'U~'Ubb~:;8t1~A~'Ubt8 ~lJ1l'Ul'ltl'U~iK'U?1'U1'Ul18 bb~~ b'\J~ 8'U bb '\J~.:jtlElI'l~ tI~ b1m1 'Ud:;8:; ln~b11 , " 
~.:jiin b {1'U~lJ1iif1n'\jru:; b U'U VI~lJ bU'U b'\II~ 8lJf1 iK18 "b~'U1" bVI V)~'\J 11 nD b'li'U~b~ 11 :;111~ 8 

511lJ 'U1~ ~lJ~\11~18 A11lJ b~h bb~:;iiV1I'lYll.:j~l~ bb D'U tI'U 1 'U,th.:J b 1 ~l VI~.:jAlllJ b11 bb~:;V11'l'Vl1.:j til 'il 
b'\J ~ 8'U bb tJmVl~18 "mu'Uti n 'ill ntTI'UUl.:jf1~.:j~lJ8.:J bf1 ~ tI'UYit'U #i'n'\jru::: VllJ 'U b 18'U-if18 b 18'U'(J11 bb~l bb~, 
mruf1~'U'(J'U1~ b~ n tl1'il-iftl'U €I 81 'Uf1~'U'(J'Ul\11lVlru n1l A~'U~iiAlllJ b11 n1l 'il::: bf1~ tI'U~Yi'Uf1~'U~i1 

'OJ ~ 

n11 f1~'U'1l'Un'U?1m 81'11Ul.:j~1'UVl1lVi~lt!~bVI ~ tlii'Vl 11 ~'Vl1.:j1~?1lJ'\J1:; ntlui ~ "1 

~tI:IJlf1~'U S~a ~.:jii'\ll~18'(J'U1~ bbm~lJAl1lJb11vl1.:Jn'U'il::: Atl81'\J11nDYl';i1~Yl1.:J1Vi 
b{1'UoiT~~'Un~11 AtI~l n~iiAdllJ b11mnn11'il:;~.:jJ1V1ih~1 n~ bf1~tI'U~i1 n11uu11 b U'Unl1 bbtJ nA~'U 
VI~ 18'1lD~~.:j b1'1 ~~1t1lJn'UBBn-o;nn n'Ul'lllJ51';ilJ'1l1 ~ f1~'U~ bb8 nBB n'il1 n n'Ubb~l'il~ii8 B~ f1~'U (crest ) 

bb~:;YiB.:j f1~'U (trough) ~~'Un1lb~lJ b~ 8nA~'U1'UI'lB'U.a11A~'U1~Jl (swell) VI:IJl8().:jA~'U~bn~~'U 
'UB n b '(J l'l~lJYr~ 8B ~A~ t! bt8lJ'U n~lJ n11 b~lJ b~ nUB 8 1Vl8511lJ'Ul~'(JB.:j A~'UA~'U~AB8111'l ~'U1'U 

'(Jru::: ~ii~lJYr~'il:;l~-ru~ #i'.:j.:jl'U'ill n~lJ b~lJ~'UA~ 'U ~.:J AB 81iim1lJ b11 b~lJ ~'U1 'U1'l B'Ubb ';i nA ~ 'U 
bA ~ B'U~i1 n11~lJ ~€IlJT~::: b'Vi1nU~lJ bb~:;1'U~?1 Vl'il::: b11 n11~lJ~ltJ bVlVl~A~'U~.:Jbf1~B'U~Btln'UBn, , 
b'(JVl~ii~lJYrVllvi1'U511lJ'1l1~~.:jb{1'UA~t!bA~B'U~t11V1Ul~lJVI~B bf1~Bt!~ boU1Vll~.:j1~mh.:JB?11:; 1Vl8 hi 
ii~lJ~~b~8~.:jB1'ilb~8nA~'U1~J1 (sweLL) 11bD'U free waves 1'UU1b1ru~lJA~'U1~J1 (sweLL) ~l 
J 1 'Vl::: b~ 'il:; ~~AlllJiKU?1'U bb~ ~ '(J1'(J 1~m n b~lJlJB.:j b{1'U A~'U bf1~ B'U~B El1.:J b D 'U1 ~ 'UU A~'UVI~1tJ'(J'Ul ~ , 
bb~ :;~18AlllJb11vl1.:j 1 n'U'il~ bA ~tI'U~VlllJVI#i'.:J n'UbU'U'(JUl'U (wave train) VI~mD'Un~lJii 
f1n'\jru::: btl~l::: (system) A~'U~t11'\11U1m'il11lJI'11b~moUl b'(J1'l~iiA11lJ~'Ub '1l'U bn1:;1~J1 iK'UYl11l 1 

1~J1i~"1 1'U'(Jru:;~A~'UB18tiBtJ'illnbbmVl#i'.:j'il~~.:J~~VlllJA~'UbbmVltil 1\118#i'n'\jru:;.ab';i1'il~ b{1'U, 
A~'UVl~tI\11b1~l 

A~'U~ bu'U~?1'Uh'(JB.:jll'llmdlJ'1l18~.:j ABA~'U~ bnVl'il1 n~lJVI~B~b~8n1l Wi nd­

generated wave VI~tI ~ravity wave b~';i1:;f1~'U'\J1~UI'Vl~ii~#i'.:J.:J1'Uf1~'Umn~~\11 Gravity wave 

i1niimllJ?1.:jl~bn'U 10 blJl'ldbb~:;iiA1UA~'Ul~bn'U 30 l'U1Yl ?11bVlI'l~b11b~8nA~'U'illn~lJ11" , 
Gravity wave nb~tI.:j'il1nA~'U'\J1~bfl'Vl~bnVl'il1n~lJbb~:;bb1.:j1tilJ~l.:j ~lJ~~~muBJ1'il:;~8181lJtJn 
~lJ11Vi?1.:j~'U bb~'(J ru~b~81 n'Ubb';i.:j1UlJ~l.:J'(JB.:Jl~n'il:::~ 8181lJ~.:J~lJ1~.:j1J1 Vl1nbb 1.:j~lJ?l l :1J1~(l

" 
bB1'U'U:;U,';i.:)1UlJ~l.:j1~ Al1lJ?1.:jf1~'U'il::: b~lJ~'U bb~:;Al1lJ?1.:jA~'U'il:; b~lJ~'U'il'U(i.:JA1Vl~':) ~ bb 1.:jfllJbbfl:; 

" 	 'OJ 
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bb ~ '11 u:lJf;1J 'J?llJ r1 fln'W fllJ~'Wr1 Ivl'U B~':nh'l::; (\'1 r;11 tJ"tHr'J'Jl'WhflvilYI llfl::; ri eJ1~dl r1A~'W f1Jl:U nr1 

m mA~bbfi\ nv11 ~n'W bVlUeJlJVll ?llJVl~"l::;'\Ih1~bnr1fllJ'Wr1 v1'J~tJ~ 2.5 '(J'U1 r1f1l IlJ?1'J'(JeJ'JA~ 'W~Ln ~~'U 
, 'U 'U 

~ , ~ 

"l::;:rr'UnuAlllJl~lfllJ (Wind speed) 't11'JblflIVifllJ'Wr1 (Wind duration) Ilfl::;~::;tJ::;Vll'JbVl'U eJ ~1'l11 

VifllJ'Wr1e.41'W (Fetch lensth) 

A~'WbVlUeJlJVll?1lJVl~(\l'Wmmb~l"l::;~f\1UA~'WJ::;Vl')I'J 3 ~'J 25 l'W1Vi b~I L"1 , fl~'U 
"iJ'Ur1d·:i'l Gravity waves 'm~lbA~I::;'I-1A~'U~AlllJ~lbU'U~IVl-ru'Vln11A~'Jm~~~-'lm{lf' " ~ " 
b~eJ'J"llnA~'U"l::; rhVl'Ur1bb ~'J~m::;'\Ih~eJ1A~'J?1~I'J mh'l1~nm:UA ~'UVl::; b(j1'Uf1l1mu'U~1 ,n!'UhiD 
?llJn 1~1r1?llm~(1el5U1 tJHieJ th'J 11:W'U81 1Al n~"in tJ ~'J~'J~11U'Uvlel'JnlVl'UVl ~tJ IIUUA~'U eJ ~ 1 'l ~ 1 t1 

'U 

Ivlel'l"ltntnlJ~"l::;el6U1 tJtJ~ln{)m~ruu~~:U'1l1~ 1r1tJl~1"l::; nlVl'Ur11~A~'Uihrm~ru::; lU'U~tJ Sine bl"~ 
~;;rn't:lru::; 1'l'J~tJ~ 2.6 

'U 

I~----- L -------~)I 
- - -3» V 

Wave motion 

1 
d 

1 
\\\'\\\'\ \\\'\\\\\'\\\'\ \'\\'\\'\\'\\\\ " 

Sea bed 

d ~ d d 
Ael f1l1lJl~1'(JeJ'lAfl'UlufltJ (m/ sec) v 
~ d d 

a Ael All:U?1'l'(JeJ'lAfl'UlufltJ (m)
" 
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L fie:l rr:n:wtJll'IJe:l"lA~'U (m) 

fie:l All:W~b:a"l:W:W'llmA~'U (rad/sec) , 

H Ae:l All:W~"l'lle:l"lA~'U (m) 
~ v v 

d Ae:l All:w~m:::Vrll"lY;'UVl~b~n'Uehul (m) 

(2.4) 

(2.5) 

bile:l T Amlm~A~'UbA~m.!~AJ'U 1 Je:l'U "il~1~All:WtJllA~'UijAll:W~:W~W5n'U T I'l"l G'l :wmJ~ 
(2.4) 

bb'V1'U~:WnlJ~ (2.4) 1'U (2.3) 

(2.8) 

, I , to> I , 

VldJl CJ(i"lA~'U'vhfil'l"illfl~lJ~~1'l bVlUe:lY;'U~ ~fI~ru~'lJe:l"lA~'U Sea "il~ijAlllJ ?l"llb~::: Al'U~'Lh~'U?l'U 
" 
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~'WA~'W~ ~~'W Ill~ ~ ll(»nvh \In'W ldeJ A~'W~bil (?1~'W1~lA ~ eJ'W~ eJ'i) n~l nll 'I-l~\l rh l\l(?1 A~'W~:iJA1U 
mnnl1~~lA~m.Jm~l11nl1A~'W~:iJA1U1JeJCJnl1vll1Vi'dl(?1n1':i~(?1n~lJ iI\l':itJ~ 2.7 

, 'U 

'nJvi 2.7 ~m~HU~A~'W Sea[l]
" 

.:::tv ~ V de.:., 4.d v oC:II <::>. d d .d .J d 
:U?l'W A~ 'WtJ 11'U (?1l ~'W ll~ ~ :U'Vl~'Vll \l n1 ':i lA ~ eJ'W'Vl'l-l ~ n l 'V'ItJ ':)'Vll"! l(?1 tJl (Un idi rectiona l) A~ tI'Vl ll'l (;\ eJ "wVJ 

eJeJn~ln~'W~nll\l\il~~?lrul~tJ'V'I~':)':)l'W1 'lJU1\l l ~eJ\l~lnllJ':)l~tJ\il'Vll'W'1J'i)':)eJ'WmAJl IIJ':)l~tJ\il'Vll'W
'U" , 

~ln~'W'Vl~l~ llJ\ll~tJ\il'Vll'WnUeJln1I"!~TUU'W vll1Vi'A~'W Swell ~d:J~mHu~~:iJAll:utJ11 f1~ 'Wml 
nl111Iii:iJAll:U?l\l1JeJtJnllA~'W Sea iI\lJtJ~ 2.8 

'U 'U 

-- - .--­
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A~'UYl~ b~'(jl (J~-:J bnVl~lnA~'U Swell ~bA~tl'U~dillnfhJl(J~ -:J b~m'iilln~'lll(J~-:Jmn 
~'U bb1-:J b~(JVlYll'U'lltl-:J~'UYl~ b~~~ilmn~'U'Vh1~mml1~'\J~ blru~lJl bA~ tl'U~ b~l nlllrnnl11J~ 1,'J ill 

Yftl-:JA~'U ~-:Jbth.J~~l~A~'UtJnvh>'1-:J~'U~'U1:W?lllJ1'jTl'rn'\"ll?1lJVl~1!?i' ~lVl~l'1Jtl-:JA~'Un~~bb!?lntltln l11 
~ , 

b1tJnll "A~'Uvhbb!?ln" (Breaker) b"il~~~-:Jbn!?lL~'U1!?i'b~tlA~'UbA~tl'U~dilmm~Yl'\J~-:J Jl~~LL!?ln 
'1ilbu'U'Yltl-:Jnmmu'U'vjtl-:JA~'U'\J'UVllVl ~-:JTtJ~ 2.9 

~ 

" 
2.1.3 fill1JVI'U1LLt!'U'tm.:nhvl::b61 

J1Yl~ b~LU'U'1J eJ-:J bVlm~1!?i'~1 nYl~ b~VI~mJVll ?llJYl "i101 (Jvi'11 'lbJVll?1lJYl"ivi'll~ nil AlllJ, 	 , 
bAlJ (salinity) U"i~lJ1ru 3.5% VI~tl 35 ?il'U~tl~'U?il'Uti''UVlm(JAlllJll1'UJ1Yl~b~'VlnI1n1~n-rlJ 
~::~'\JLn~tltlti 35 n1'lJ (?il'UlJ1n~~~'\J1mU'1Jtl-:J1tltl tl'Ul'1lL~ (JlJA~tlh ~ (Na+ ,Cl-) AlllJVI'Ul bb Ull 

~ 	 ~ 

btl~(J~~lJl'1Jtl-:JlJVll(;1lJYl"itlti~ 1.025 n1'lJ~tll1~~~m J1Yl~ L~iiAlllJVI'Ul bL u'UlJ1n nllJl ~Vl (Jl 
, ,\J , 	 '" 

~VlilAlllJVI'UlbLti'U?I-:J(;1VlVi 1.000 n1'lJ~tl:iJ~~~m VitlruVl.niJ 4 tl-:JY'11L'1l~b;g(J(;1) b~"il~U1Yl~ Lflil 
\J , 	 '\ 'U 

AlllJWUn'1Jtl-:Jbn~mb~~ Electrostriction (l'Ylyh~1:WUlm~bb(;1 bb~tl(Jl'Ub~tl-:J'1Jtl-:J(;1'UllJ1 'Ylvh) ~Vl 
~ , 

L8tl mb~-:J'1JeJ-:JJ1Yl~b~tlti~tlruVl.n:iJ -2 tl-:JY'11b'l1m;g(J(;1V1~tl 28.4 eJ-:J Y'11'Yll b1'U1!J~ 1'UJ1Yl~ b~~ilAlllJ 
~, ~ 

boVlJoV'U 35 ?il'U~tl~'U?il'U (35 ppt) [1] 

2.2 	bt ':i ~61BtJtlll 

n11(Jnl!?lfl~~lJ1'U'1JeJ-:JbVl~l ~~ilJ1V1Um'\Jlnlln11(Jnl!?lfl~'UJ'U1'Utl1n1Y'1 ~.:)l1LYf';i1~ 
, tJ 	 I t. t.I 

'1J eJ-:J LVI~l ~~ ii LL 1-:J m)(Jtlll m~vh~w.jlmVl Y'1'UcJ~l-:J'1J tl-:Jl!?l fI ;-:JVI;;1n n1 TYl'U\il 'U'1Jtl-:J n11~tl tJ \~hu tll1 
, 'U , d.I 

Ail~(;1(Archimedes) unAru!?lY'11(;1!?l'hL~~lYl(J1Y'11(;1!?l1'1111n1nU1Lu'Ue:rA'U~'\Jm~AlllJ\ii'-:Jd "l!?l t:l~ 
~ , 

~lJtl(J1 'U'lleJ-:JbVI~T~-:J ntl'UVI~mJl-:J?il'Un!?lllJ 'lltl-:J1VI~~::?i-:J bb ':i -:J~tltJii'l1 'U bb 'Ul~-:J m~vh1'U~Y'1 Yll.:J ~'U 
~ 

~eJl!?lfl ;.:J bb 1-:J~tltJ\Pil'lltl.:J'lltl-:J1Vlfrd'ilrilbvii tl'\JJ1V1Un'lltl.:J'lltl-:J1VI~~fI nl!?lflJ'UbbYl'U~" [2], 	 ,~ 

bb 1-:Jfltl (J\Pil (Buoyancy Force) bU'U bb "i -:J~'lltl-:JbVI~l m~vhI9iBl!?l~~~lJ B~'·I,,!.'1J";;)':)LVI~ ·1 
~m:U(J'UbLYl'U~hm1tU;;1n'\"lru " Fe" ilwulmu'U (N) 

~1 nVl;;1nn11'lltl-:J tl1 {Ail~?I?lllJl1f1 L:U tJ'U?llJ n111!?i'~-:Jd 

Fe =pVg 	 (2.9) 

AlllJVI'Ul bb u'U VllJl (J(i-:J U~lJ1rum~?l11'lltl.:J?I?ll1~tlVl-d-:JVlUl (Ju"1mm ~tU;;1n'\"lrumiLLYl'UAlllJ 

VI'U1LbU'U Atl P 

m 
p=­	(2. 10)

V 

Atl Lb':i-:J~tltJ\PilVim::~l~tll!?lfl, (N) 


Atl AlllJVI'UlbbU'U'lltl-:J'lltl-:J1VI~ (kg/m3) 
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m A€J :IJl6'1'IJ€J'I'IJ€J'Ilvl6'1 (kg) 

A€J 'tJ~1ll1il"j'IJ€J'I'IJ€J'I11116'1 (m3) 

A€J mlllm'IJ€J'I11ilt)?i1'Lrvi'.illJ 1 'U'IJ€J'I1111[1 (m 3), 
g A€J fl11lJb1'15'Ub'd€J'IlJT;U1nbb"j'l~'1(9)(9)'IJ€J'I1[1n iJA1b<vllnU 9.81 (m!s2) 

" 

2.3 bA~eJ'ln611yjvhm~bb~WIJ'l 
bfI~ €J'I n 611 vJ -W1 n "j::: bb i:1 Iil J 'I btJ 'U bfI~ €J 'I n [11 vJ -W1 i 'U bb"j n 'l ~1.;r '11 'U lJ 1 €J tJ 1 'I tJ 11 'U 1 'U 

bfl~€J'I n[11vJ-W1 m::: bbi:1Iil"j'li:11111"jt)vh'l1'U1Jl61eJ'I U UU A€J v11'11'U bU'Ubfl~eJ'I n1 bU(9)1 vJ -W1 m::: Ui:11ilJ 'I 

bbGl::: btJ'UlJ€Jblil€JnvJ-w1m::: bbi:1f1"j'l ~'1il;u'.il,j'UutJlJ1JliJn1J1.h€J1lJ€Jbfl€JnvJ-W1 m::: bbi:1IilJ'I1 tl'l.v'l1'U1'U, . 

'I 1'U€J{i1i:11111m"jlJ b~J1 :::fllUfllJfl11lJb~lnu bb "j'liJ(9)'IJ€J'IlJ€Jbfl€JnJl~l tJ b'ti'U h'l'll'UYI€J~l h'l'l l 'Ub&1'U, , 
1tJ 1 ~~ b€Ji:1 bfl€Jn "j'l'l1'U(1Gl'l1[1111:::VI~€J1ibtJ't.JJl'Un1~'11'Un1JoUubfl~€J'U"jt)lvJ-W1 bU'U~'U, 

2.3.1 lAJ'la~1'l'!J€J'lbA~€J'ln611yjvhm~bba\ilJ'l 
~'ill'Ht!11 'U~'tJ~ 2.10 bbi:1(9) '1?i1 'U'tJ "j::: n€J'UVI~n 'l'IJ €J'I bfl~ €J 'I n6'11 vJ -W1 m::: bbi:1 m~~ 

u"j:::n€J'U Jl1CJ?i1'Uti'lVl~€Ji:1bflb\il€J1 (Stator) btJ'Ulm'li:111'1mtJ'U€J n'IJ€J'Ibfl~€J'I n[11vJ-w1m::: bbG'1m ~~ 
fj(9)n'U~lbbl.ibVl~nbVlU€J (N Field Pole) U6'1:::~lbbl.ibVl~n1~ (S Field Pole) v11V1U1~?l 'lb ''tm .:J 

bbl.ibVl~ n'.il1 n~lbVlu€J?i~11~bb[1 :::~cl1~f)llJlnB ml1'UAml1'UVllJ'U (Armature) 1'U?i1'Udm 81'U'iJ~'W'U" .~ , 
'IJ(9)m(9)mru~~lCJu"j'l~'U1vJ-w1'il:::vh'l1'UbU'Ubfl~€J'In1dj(9)1 vJ-w1m:::mwm (DC Generator) 
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2.3.2 ml9lbl,m1 (Stator) 


?lLI'lbl'lB1 (Stator) b'u'U?iTw~mjn'\J~vh~hm:ll'HvJ€)'n ';ibblJm'U~n iJ~":m:W b1.'! ~mb~::; 

~ 

bb'lh-:Jcil'U~(i1~-:JBtJ~-:J';itl~ 2.11 ?id'U?lb(ilb(ilB1Vhvn':h~l'u'U?id'U'\t1ti-:J'1JeNd~';ibb:iJl'Vl~nl(i18'l~ nl'\t1'U V1 
'\J '\J 

bb'UTVll -:J'1JB-:J?l'UllJbb:W b'\t1~ n 1 ~BtJm 81'Ubfl~B-:J~m~ln~dbb:W b'\t1~ n~d'\t1ti-:J ~l'U-ciB-:JBl m~1tlrJ'IL 'S b~m1 
bb61::;~l'U'liB-:JBl ml"11tlE1-:J~dbb:Wb~~ n~n~d'\t1ti-:Jl(i18f1';im-:J';iB'\JtJ(i1~?id'U?lb(ilbI'lB1~-:J1tl~ 2.11 

'\J 

" 2.3.3 "li'1bb:Wb'\t1~fl (Filed Pole) 

~dbb:W b'\t1~ nvh~h8?l1';ibvJ Bl1';ibblJm'U~ n b1J'Ui:h'U~?!~l-:J?!'U1lJbb:W b'\t1~ nvft~lJ1 ~1 nm ';i 

n1::;~'U~'1J(i161d(i1?!'UllJ (Field windino) ~-:J~'UBtJ'\J'Ubb:Wb'\t1~n~-:J';itl~ 2.12 ~n~ru::;n l'H n\i1, ~ ~ ~ 

~dbb:Wb'\t1~ n~ b1J'U~d N '\t1~B~d S ~::;?!1lJ1';iflnl'\t1'U(i11~~1 nVlI"1'Vll.:J'1JB-:J m~ bb?!~~l tJ1Vifl1 J'1J\i1Gl11'l 

?!'U1lJ ~dbb:Wb'\t1~n~~~B.:JiJ\ll'Ud'Ub1J'Ub61'1Jrib?llJB ('\t1d.:Jri~d~:;tl';i~nB'\JlKd8~d N bb~:;~1 S)
'\J '\J 
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2.3.4 ht~B1(Roto{) 

hL(Pl€l~ (Rotor) VI~m~Wl'~l€Jl1JJWil€l~ (Armature) LtJ'U~l'U~Lfl~€l'l.J~VlJJ'U'I'1l~l(J. 
?Il'JL vJ€lf'l 'JUJJf1b'U~n lJ~n~ru:; LtJmuvl'J'Im::;U€ln LL~::; LtJ'U~l'UVI~'1'IJ€l'll'l~'JLLl-l LVI~ n ~1'U1'J L(Pl €l~ 

"IJ 

'il::;lJ'lJI?i~1l?iI'1TUlfldlJJ(Jl1 I Vlm(J<1r1~'1L1(Jn1l'IJl?iml?i€Jl~JJlL'il€l~ (Armature windins) 1l-lmJ 
I"IJ "IJ 

(PllJJ LL mfldlJJm1ll?i(JU'J'J'il1n'U'1i€l-l?l~m'l (Slot) 111-:j'JU~ 2.11 L~€lhL(Pl€l~VlJJ'U1 U'lJlilmIilI'1TUl'il::;lJ 
• "IJ , 

f{n'tlru::;ll-:j~-:jtll n nuum?l'UlJJ m.J LVI~n L?lJJ€l 'il::; L~'U1~1l'IJlilml?i €Jl~JJl L'il €l1'il::; LtJ 'U~1'U~ LnV1 fIl'J 

L'\J~(Jm'\J'V'/~-:j-:jl'U1vJvh-n~ vtt'JL(Pl€l~'il::;lJ~l'U~~'Um)nm L1(Jn1l L'V'/~l (shaft) ~l'Udmlbvi€l1U 
"IJ 

VI~€l~l(J'V'/~-:j-ll'Un~tii"n'\J~ 2.12 
"IJ 

2.3.5 l'1tbVll'Utbtln (Split-{in~) 

1-:jbbVl1'Ubwn (Split-rins) VI~m1(Jnll~fl€lJJ:iJ1L(Plb(Pl€l1 (Commutator) 'I'1l~l(J 
'Vl€l-:j bbl?i-:j'il::;~V1~'1 €l~~'\Jm (J~l'UVI~-:j'IJ€l-:j1'J L(Pl€l~lJ~n~ru:;lfl'J-:j?l~l-:j btJ'U~'U~l'U b~ nI1l-:j€l~'J f)U1~ 
b(Pl €l1~lVl1U btJ'U 'ilV1 L~€lJJvi€l nU'\Jm (J'IJ€l'l'IJV1i;lll?i €Jl ~JJ 1 b'il €l~ 1'1 bb Vl1'U bmild'il::; ii'JJ er?l nu Lb '\J'J'I~l'U, 
(Pl~€lV1bd~l'IJru::;vh-U-:jl'U€l~bvi€l1UVI~€l~ltJ'V'/~\m'U1 vJvh 111-:j'J'\J~ 2.12 

"IJ "IJ 

2.3.6 bbU':i'lI:1TW (Brushes) 

Lb'\J'J-l~l'U (Brushes) LtJ'U~l'U~€l~nU~'I'1l~l(Jj;.J-l~l'Ufll~U€l'U (Carbon sraphite) ~-l 
~€l-:jlJflru?lJJUtl~~ nn~€l'U~l (Jnll'Vl€l-:jLbV1-:jL~€l-:j'ill fib1m1-U'll'U'il::;ii'JJer?l €l ~nu1-:j bb Vl1'U bb(J n '~ ' l'U'~L'5 

• "IJ 

~lVl-rUb tJ'U'ill?ib~€lJJvi€ld-:j'il'J1 vJV1l'J::;Vl1l'l'IJl?imV1€ll ~JJl b 'il€l1nUl-l'il 'J1vJrhm(J'U €lnl11'1'J'\J~ 2.12 
, "IJ 

2.4 bb':i'l~'WlvJvhbVlti(J'J'I1lvhn~l'~nnfll':itfl~el'U'vi (Electromotive Force) 

b~ €l1'l'il 'J Lt:W bVI~ n1~-rUnl'Jm::; ~'U~ltJ1 vJV1l m:; bL?I?I~U 'il::;'I'1l1~bn I?i bb 'J'I tii''U1 vJvh . 

LVln(JTUl~'U~ '1~l btJ'U1'Um ru~m l?i1'1111lVl~€l'IJ1?i~1V11l-ljJ nl 'J bfl~ €l'U~ bb~::; b?1'U Lb J 'I bb:W bVI ~ n~LMcJ1 
fl~€l-:j'IJV1ml?ilJ f1l J b '\J~ tJ'\.Jbb '\J~'1 b n€l-:j'illnf1l'Jb '\J~ (J'U bb '\J~'1 bv1JJ~'UVI~ €l~ V1 ~ -:j'!J€l 'I r1l m:; Lb?l n TH.... ~1 
bL 'J'II11'U1vJvhbVln(JTul1'U~n~ru::;db~tJnllf1l'JbVlntJll1l LLUU€l~nU~ (Statically induced) ~-ll-u 

"IJ 

€lTIUltJ fIl'J'I'1l-:jl'U'IJ€l-:jVliimb'\J~'11vJ-vh1~ €l~l-:j1'In(PllJJbb'J'Itii''U1vJ'I'~l LVin ml1l?llm'JmnV1~'U1~ 'l.J;' n 
., , , , 

V d. d.::::. c::J I ~ c::J lev Q a".. 0 c::J «:!II do".. 

~ n ~ru ::;VI'U-l fl€l bnV1 'ill n f1l 'J'Vl?l'U lJJ LbJJb VI ~ n JJ?I m 'V'/ €l tJ nu'Vl Lb~:; ~ 1 I?i (Pl1 'U lJJ nl J b fl ~ €l'U'Vl \11 I?i 
"IJ 

?I'UlJJbb:W bVI~n~ 'I L~(Jnll f1l 'J LVln(Jll1l bb UU bfl~€l'U~ (Dynamically induced) ~ '11-U€lTIUltJ fIl 1 

vll'll'U'IJ€l'lbfl~€l'l-;(j'nJ1vJV1lVlJJ'U b-tl'U Lfl~€l-:j r1lLDV11 vJV1l1~tii''1d b~ €l r1lVl'Ul?i1~~1V11'1111l C lJfldlJJ. 
.... , I I 

m1 I LlJ(Pl'J1l-:jI'1'1tllnnU?I'UlJJ LLl-lb VI~nVljJfIl 'Jm :;'illtJ?ll1l b?lJJ€l (U niform) ~'1lJr1lfldlJJVI'Ul btU1J 

L?1'Ubb'J'I\'L:WbVl~n B Tesla tii''1'J'\JVl 2.13 (n)
"IJ 

\'~€lml?i1'11th C bfl~€l'U~I'1I?i?l'UlJJbb:WLVI~n B 1'Ubb'U1~'1mnl'UVif'1'Vll-:j u r11 Vl1JV11~ 
bfl~€l'Uvh'\JbtJm::;(J::;'Vll-:j dx 1'Ubdm dt 'il::;b~'U1~1lmV11'1111l1~\'fl~€l'UvhUl'U~'U~bvh nu I dx 

\'\'~::;lJfIl'JI'1I?i\'?1'Ubb'J-:jbb:WbVl~mhm'U ld"(x B Wb 1'Ubdm dt ~'1'il::;'I'1l1VibnV1f1l'Jb'\J~(J'UbL i;'l'l'IJ €l~ 
b?1'UbL'J'Ibbl-lbVl~m~mfl~€l-:jml?i1'1111l tii'-:j,r'U~:;bnV1bbJ'Itii''U1vJV1lLVI~ml1l e VlU1mtJ'U V ~'U~mV1 
1'11'\1lb~tJn~€lllrh bb 'J'Itii''U1vJ-vhLVlnml1l~bnl?i~lnfll'Jbfl~€l'U~ (Electromotive Force) 
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u 

(n) 

Bldx dx 
e =-- =Bt- = Btu (2.11)

dl dl 

L~v u Lth.lfl1llJL~1 (Velocity) Vl'I.hmth.l meter/ seccond LL~~~lm~v11 '11l C 

Lfl~m.l~villJlJ e nULL'U1i:1'UllJLLl.JLVl~n~~ 'i tl~ 2.13 ('tJ) rilLL'i~~'L.I1'WvhVl'dtn'l1l~bn~t'L.I~dJf'h, ~ 

e = Bfusin e (2.12) 

e ~v LL'i~~'L.I1'WYhLVl~tn'l1l (V) 


f ~v fl1llJtmm~v11'11l (m) 


B ~v fl1 llJVl'L.I lLL,j'L.IL~'-I.lLL'i~ LLl.JLVl~n (Wb/ m2) 

u 

e 
~v fl1llJL~1 (m/s) 
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';(11 nVltlnnl ':i~.:J n~ll';;l.:J ~tl nl ':ibn~ rll bb':i.:J ~tl1YlYll bVl~tJll1l e ?ll:IJl ':i fI bb?l ~ .:JrJ)1 tJ 

lA':i.:J?I~l.:J~.:J~U~ 2.14 bb;;'l::;fhVltl~1rJl1\?1tJm':i1';;nDlJ€l'lJll'lJ€l.:JbV~;;'l:IJ~\! (Fleming's Right-hand 

rule) \?l\l':iU~ 2.14 ';(I~b~tl1rJ)';il{)lm\?1!?l111llJnl':ibA~€ltl~1tlbbtll'lJtlltl e == 0' f\\mm 
" 

?ltll:IJ bblJ bVl~ n';(l~1lJ bn\?1 bb ':i\l~tl1YlYll bVl~tJlth \?l.:J,1tlVli!{nm ':it1?1l:lJl ':ifll1l1 U€l5'UltJ m ':iVll.:Jltl'tl€l.:J 

bA~€l.:J~m1YlYllVl:IJtl~vhVl'lh~bU~tJmU'lfji!{\I.:Jltln;;'l1mUAll:IJb~l U b .utl'lfji!{\I.:Jltl1 YlYlllmu'lJ€l.:J 
, 'U 'U '\J 

bb ':i.:J~tl1 YlYllbVl~tJll1l e l\?1tJlJ?ltll:IJbblJbVl~n B b.utlnm\l 

(n) 

+1 

e 

o 9Q· 180· 270· 300· 

1 tl n ':i ru~ bA ~€l.:J ~mvh .:Jltl b.utl bA ~€l.:J n 1 b U\?11 YlYll b~ €l ~ €l\l n 1 ':il tnrJ)61 '1J 'ljl ru 

bb ':i.:J\?ltl1YlYllm~bb?lI'l':i\l (m~bb?llJV1I"1'Vll.:Jb~tJl) b~miltJ1Vif\\.n.:J';(I':i1YlYllmtJtl€ln';(l~?ll:lJl':i()m::;vh 
1rJl1~tJm':ibYl:IJ~ltlU':i~n€lU~b~tJnll~ltl l\lbbVlltlbbtJmb~~~ltlbbU':i.:J(htl~\I':iU~ 2.15 (n) ';(I n tl 

" " 
';(I::; b~tl1rJ)11m\?1!?l111l bblii~::;!?ll';(l~ b~€l:IJIii€l€l~l\l bb Vlltlbblii~~~tl (l.:JbbVlltl 2 ~tlbbtJ n';(ll fl tl'!l) Ll(l!:~~ii

" lbLJ':i\l~ltl'-iilmtl 2 ~ml\l€l~i1u~ lA':i .:J?I~l\li!{n~ru~t1b.utlm':inlVltl~1VibbLJ':i\l~ltl bblii~~~tl';(l::;b~eJ f)
" 
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?6Jer~bQ'Wl~1-lbb'V!Tu~nl'V!'U{i11~\yilJ'U J'UAB bb 'l-:Jv1'U1'WY1lb'V!~tn'l1l~lt1i'~~lJ~I'1'Vll-:Jb~lJb~lJB~-:J~~ 
b~'UMll~tl!tl!l 1.1m'l-:Jv1'U1'WY1l~lt1i'~l r1U '\.J'J -:J~l'U~-:J~B-:J~'U~dj~m:HU~bD'U~tl!tl!lrubVl tJ-:J ~ r1 YIl-:J 
b~tnv1-:J'l'lJ~ 2.15 ('U) 1 'Umrudbb 'lJ'l-:J~l'U~h'U'\J'U (~lUl n) ~~lj?(ntJbb 'l-:Jv1'U1'WY1l~~-lnllbb'lJ'l-l~l'U 

~ ~ 

t1i'l'Ui:il-l (~Tf\U) b~lJByhlVf~tl!tl!lrubb'l-lv1'Ul'WY1l~lJ~m~ru~bD'U~b1Jtl!lru1'WY1lm~bb~I'1'l-l~lmb'lJ'l-:J 
" ~l'UYl-l~B-l [3] 

2.6 1{i11£){i1(Diode) 

l{i1LB{i1 bD'UB'lJ n'lru'Vll-l~b~n'Vl'l£)'U n~'1J'UWI'V!11-:Jyh~ln~l'l~-:Jv11 'l1l'lJ 'l~ bfl'Vl P bbi:l~~l 'l, 
~-l~l'l1l'lJ'l~bfl'Vl N lW1tJt1i'l'U P bD'Ubwl'UWI (An ode) t1i'l'U N bD'UbbAl'VlWl (Cathode) v1..:jJ'Ul{i11tl{i1~ '1 
lhnH' 2 'Ul AtJ bbtJb'UWI (Anode) 1i~18tJll A bb~~bbAl'Vl{i1 (Cathode) loif~18tJll K 

p N 

A GGG - -+ -8-8-8 K 
+ + + 

GGG 
+ + + 

- -+ -8-8-8 
I 

y~ 
+ 


_A~_IK 
A K 

----i""-_.....I~I- ­

2.6.1 flru61lJU~'lJ£).:j1{i11£){i1
• 

l{i11tl{i1~tJlt1i'll L D'UtJ'lJ m ru~ b~ n'Vl'l tl'Un~~ l'V'n n~l'l ~'llill'l1l ~l bL 'l n~nmJ~~-ff'U1.J11i, ~ 

-ll'U~{i1LD'UtJ'lJmru~'U'll'U~lJ'lJ'Vl'\Jl'Vl6holru1'U'l~'lJ'lJB L~ n'Vl'ltJ'Un~ l{i1tJt1i'tJ'lLill'lJ L~tJl 'iitJ 'l n'\J1 ~'J 
'''' v 

~b~n'Vl'lB'Un~~l-:J1 ~-lbL~1'l~'l'lJ'Ul{i1L~nlJ~'lJmru1l.i~~11'lJ~'U~'l1-l~'l'lJ'Ul{i11'V!qjlJ~'lJm {\hhtn t! 
III m{j'U~tJmD'U'w'U~l L{j'Ub'W'll~llf\ru~lJ'lJ~l'UnlTvh..:jl'U'UtJ..:j~11{i11tJ{i1Yh..:jl'Ult1i'~l tJ1oif'll 'U~llJf1'lJ, 
~'lJmru~'U1lt1i'~ l{i1m~'lJ'lJm'l~tJl..:j~'l m'l~lmL'l-:Jv1'Uluel~ LLi:l~m'l'V1l-:Jl'U~~{i11ml{i1 l~1 ~1 8 
'V!;;1n m'lY;l..:jl'U~'U'll'U'UB..:jl{i11tJ{i1~tJlllBlB{i1 LD'U~i IWU'lJ'U{i1'V!l1'l (fI'l..:jf)'lJAlllJ Iii'B-:J m 'l1 "Wn1,)1i'l l'u 

'" 
'UtJ-:Jl'l~'l~b~n'Vl'lB'Un~bntJ'lJ~'l'V!lJ{i1 'V1l1m{i11B{i1nn'l1l1111oif-:Jl'UB8l..:jbb'W1'V!mtJv(11'lJ 

~ 
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lb1-:JQ1'Ul'Ue)?1l\Xlii'l1V11€1V1blu-:Jl~b'lJ'U 2 ?1ml~A€I ?1ml~1'Ue)?1\J11-:J (forward bias) lU'U?1ml ~~18 

lb 1-:J Q1'U1'Ue)?1f:1n.rrllVilii'l1 V11€1 (i) vh1mV11€1V1V11-:JI'Uth m~ bb?1 bb('l~?1ml~1'U e)?1 nii''U (reverse bias)
'IJ 

lU'U?1ml~~l~ bb 1-:J Q1'U1'Ue)?1 nii''U.rrllVilii'l1(i)l€1(i) VlllmV11€1(i)hlVlI-:Jl'UVl~V1t11 m~ bb?1 ii'mJru~1'Ue)?1, 

-+ - - ++ 
A K-+ 

P -+ N-+ 
A - - ++. K - p - - + + N -

- - + + 
-+ - - ++ 
~ \ ,. 

)4. ~Yl~i{'U1~'U J 
Ii . 

I -11+ 

2.6.2 1~1B~'V11~B~:lJfl~, 
l(i)l€1(i)YlI-:J€I(i):Uf1~ (ideal diode) bU'Ul(i)l€1(i)~tjnA(i)~'Uml'Uf1ru?1:uu~m1V11-:J1'U l(i)~. , 

bu~ ~'UlV11€1V1 bVl:lJ B'U?11Yl'111'Y'IYhlii'lVl~-:J Vll-:JI'U l u'U?11Yl'llm:u m1~1 ~1'Ue)?1lVilii'l1V11a Vl '1Jru~~ ·1 8 
1'Ue)?1\J11-:JlV11€1V1t11 m~ bb?1 bVl:lJ€I'U n'U?11Yl'6I'i€l€l~1'U?1ml~I'iBd\l:U1 (ON) ll('l~<uru~~ ~I EJ1U86'1 nii''U 

'IJ 

lV11BV1h;t1lm~bb?1 

m11bA1I~'j.h:j ~11V11BV1l'Uii'n'l3ru~dbU~~'UlV11BV1b Vl:lJB'U?11\J1'1!:U1-:J l(i)lBIi1~1 Yl'6~B 
l-:J:U 1 (ON) b~€I1~-r'U1'Ue)?1 \J11-:J bbr1~lV11BV1?11\?l'1!lii'li1l-:J:U1 (OFF) b~Blti1-r'U1'Ue)?1nii''Uii'n'l3ru~l-:J:U 1 

bl?1V1-:J i{-:J1tJ~ 2.18 [4]
'IJ 

o 

RR 
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o _1---/0 

RR ~I + 
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~ 
'U'Vl'Vl 3 

15nl'':i~1 bthJ-:J1tl 

A~'U'Vl:; b~ btJm~~"I·nmu bb uuvl'd"l'lJel"l~ ~"I·nm'llJ'Ub:') (J'U A~'U'Vl:; b~~,)'U1vmj bn\?\-;Ul n 
~ , 	 v 

~lJ t\?\(J~?lllJl'iflir"l bn\9lb~'UfIl'i bA~el'U~'lJel"lA~'U~')Jl'Vl:; b~lv1'bb 'VlU \9l~el\?\ b ') ~l \9lllJ'lJl (J ~"I'Vl:; b~'VI~el 
bb~Lbl'll 'U'Vl:; L~ ~nntJ"IlJA~'U ~'),hd fIl'il1l~~"I "I l'U'lJ el.:JA ~'U'Vl:; L~'lJl (J~.:JlJle-J~\9l1 'tlYllJ'U mv:r(JA,)llJ 

hJ?lJl bl'1lJel'lJel.:J~')Jl~bn\?\-;Ul n~lJbtJ'U~')'U1'VIrul\?\(JelelflbbUUvl'U~el(J1~bA~ el'U~l'llm:; ~el nA~'Uthd 
v , 

fIl'i bA ~ el'U ~'lJ el"lvl 'U~ el (J,Q-;u:; ell v:r(J'VI ~n fIl 'i bb 'i "I~ el(J 1'1') btJ'Ul'1') (J nvl'U ~ el (J1~bA~ el 'U ~ \9lllJ A ~ 'U'Vl:; L~ , , 
-;UlnJ'Ul1l fIl 'i bA~ el'U~'lJel"lvl'U i;1el(J,QlU.;rULA~el.:J rhU\?\1 'tlYll t\?\mh'U?I:;~ l'U b Yl el.:Jbbi;1:; bYl el"l~lJ f1i 'i, 
elelflbbUUl1v~~"I"I1'U~1v1'-;U1 n bA~el.:Jnl bU\?\1'V~Yll,Qnl'1llJl'ifll1l1tJ1otl'U'i:;t(J'lJ'U'1v1'lJl nlJl (J~ ellU 

3 .1 &l:mJ~:filt!bb!;l:;:'!leJm·Hhu.:J~.:J
• OJ 

- A~'U'Vl:;b~'lJl(J~.:JlJf1lllJMUel(J 
v 	 ~ 

- LL 'i .:J~el(JI'1')'ij'UmjnU'lJ'Ul\?\'lJel.:Jvl'U~el(J 
, ,'" \J ~ 

- nl'ibA~el'UVi'ij'U'lJel"l~'Ui;1 el(J-;u:;mv:rmb'i.:Jflel(J1'11 
. , 	 v 

- fIl 'i bA~ el'UVi ~"I 'U el.:Jvl'U, ~ el(J-;U:; m v:r(Jl1l'VI-Un'lJ el.:J vl'U ~ , el(J 

3.2 Vln~·!re:J.:Jbrl~B.:Jmru~1'WWlm~bb&l~'.i.:J.ffim'Um'.iBBnmJ'U 
- LL'i.:J(1)'U 24 V 

- nl~.:Jl'tlYll 36 W 

- "f1lllJb'il'ielU 	900 rpm 

3.3 	m'.if'l1t!1ru 

f1lllJ b~l'lJ el.:J bA~el.:Jnl bU\?\1 'tlYll m:;Lb?l1'l'i .:J~'Umj nUf1lllJ?I.:J bbi;1:;mllJb ~l'lJel.:JA~'U 'Vl:;bc 
~ ~ 

~botl'llJlU:;'Vl:;~'Uflel(J ?I llJl 'i f1'V1 lf1lllJ b~l'lJel"lLA~el.:J nl bU\?\1'tlYllm:; bbl'1l'l'i"llv1'-;Ul n?llJfIl'il'lell u,Q 

N = i x 30h (3.1)
:n:r{ 

N 

h 
~ ~ d I 

Ael AlllJl'1.:J'lJel.:Jf11'iLA~el'U'Vl'lJel.:J'Vl'Ui;1el(J (m) 
~ , 

r Ael -rf'1lJ'lJel.:JLYlel"l b~(l1bA~el.:Jnl bU\?\1'tlvhm:; bb?lI'l 'i.:J (m) 

t Ael n(l1~Hfl'UfIl'i bA~el'U~'lJel"lvl'Ui;1el(J (sec), 

. L)1u~Y1U'Uu~LYl,wii1J 
(3.2)

I = LV1,nwu'Uu~LYl,wii1J 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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f11'i bfl~B'U~'U B.:)vh.J~B tJ'il~ Bl~tJVl~fI fIl 'i bb'i':) ~ BtJ vl11'U fIl 'i tJ ml'U ~B tJ1VI bfl~ B'U~~'U. , 

iHlJ 1 'iflVl1 bb 'i':) ~B !'.Ivll 1~OJ 1 f1?l:IJfIl 'i~ (2. 6) bb~ ~ fIl 'i bfl~ B'U~ ~.:)'UB .:)vi'U ~B tJ'il~ B 1~!'.I bb 'i':) b~B':)'J 1fl. 
J1VlUfI'UB':)v11vi'UbB':) i:'I1:lJl'it:lVll bb 'i':)b~B':)'il1flJ1VlUf1'UB.:)vi'U~B!'.I1~'il1 fli:'IlJfIl'iI'1B 1 u,1, . 

F=mg (3.3) 

F ~B bb'i':)'UB,:)1!f1m~B'l'il1mb'i':)~':)~~'UB.:)1~fI (N). " 
m ~B :lJJ~'UB':)l!f1~ (kg) 

g AB flJ1:lJb~':)b~B':)'il1mb'i':)~'l~~'UB.:)1~fliJA1bvhn'U 9.81 (m/s2)
" 

, " t.I t.I 

bilB':)'il1 fI fil'i bfl~B'UVl'U B':)vi'U~ B!'.I bn~ 'J1 fI bb'i':) fI 'i~'Yh I'1B vllvi'U V)':)U'U'J ~ bn ~ fh~wn.:) fI ~'U'U, . 
~':)fh~'l'Vll'lfl~Vl11~'il1fli:'llJfIl'iI'1B1u\1 [5) 

p = FxS (3.4)
t 

p ~B nl~':)'Vll':)fI~'UB.:)vi'U"B!'.I (W). 
S ~B nmffim'UfIl'ibfl~B'U~'UB.:)vi'U~B!'.I (s), 

'il1fIJUVl 3.1 lfl'i':)i:'I~1'l'UB':)bfl~B.:)t-J~!f11~Vh~l!'.lfl~'U'VI~ b~'Yl1'illmVl~flfI~B':)~bVl~!'.IlJ
" 

'Vll~b'~mJB.:)n'UfIl'ibn~i:'IulJ1-ffbVl~f1f1~B'l'U'Ul~ 25x25 mm lHl~flJ1lJfI-11':) 80 em fllllJ!'Jll 80 

em fllllJi:'I'l 100 em 1~tJ1-ffbfl~B.:)n1bU~hHh f1J~bbi:'lm':)b'U'UvllbU~tJ'U'Vl~':)':)l'Un~ bU'U'Vlir'l'l l'U 
" 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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85 em 

I+-- 40 em ----.j+__ 40 em----l 

T 

45 em 

1 

i 


50 em 

___.J­ 5em 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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50 em 

5em 

~n mtJ~ 3.4 lV1tJtltlnll'U'U1~l~tl'll'Vim'Utl'llf)~tl'lm l1JV11yJt-"mu'Ul Vltl·wl':i'l'Vn 'll fl 
'U 

lVI~fliJfl"\ih'Vhn'U 0.75 em 16 ~Vl'UVl~tl1fl~\~tJ'l iHrtl~fiml~'lll1'l 'Vl'U'Vll'UVll~tl1~~ltJ 

3.4.1 Vl~nnld'Vh 'l1'U"l.leJ'llfl~eJ'l~i'\~1yJV1l~1EJ'W~'1'11'UfI~'U'Vl:;l~ 


'lln nl1 tltlflll'U'Ulf)~tl'lt.J~\i11yJYh~l tJf)~'U'Vl:; lfl'tTIotl~V1~'l'U1ld tu"ill tJ~'l'Vl ::: Lii'l\l l mtJ~ 

3.1 1~'Vi'UfltltJ~:ur:r?ln'UfI~'U'Vl:-; lfllV1tJ\i11'l l~mnV1f)~'U'Vl:-; lfl'l1'UvI'UfltltJ.Q"il:-; bfl~tl'U~ V11m:;~8f1~~'U, , 
.Q lV1tJfll1bfl~m..!~'l1'U'ih:-;1offVl~n fll1lb 1'lfl tltJ~llU'U~lt:-l~fl(1)'U'Vi'UfltltJ lbfl:-; fll1 If)~m..!~fl'l''il:;1otlll1'1, 
l~ tl'l "ill mhvl'ufl'1Jtl 'lvl'U fl tltJ l tl'l 'Vi~'l'll 'U~1~\l:-; lU'U'Vi~'l flfl1 tJ-u'U lfl~ tl'U l~ tl'l~lYHl1 'tJrJ ,'j bl'1~8.,j, 
nllUV11 yJyhlV1tJ~l'U?l:-;'Vil'U l~tl'l lfl~tl'l nllUV11 yJyh n"il:: ltJ~ tJ'U'Vi~'l'll'U nfl~1~b U'U'V'l i'14 l'U1yjYl l 

(1);ntJ~ 3.5 
'U 

l~ tl'l b'Vi m '1JeJ'l 

lfl~tl.:Jnll1JV11vh~l 

"ill fldtJ~ 3.5 lV1tJtl tl nlb 'U'U1Vll YJtl.:Jl 'Vim'Utl.:Jlf)~tl'l nll1J V11 yJt-"hl U'Ul ~ €l " 1'I'l ,111 fPl:U r 
" 

b'Viln'U 0.008 m \llfl?l:U:U~~l'Uf)~'UiJml:U?l'lbvlln'U 0.2 m ml:Ub1df)~'U'Vl:;lf1 :Ufh VhllU 2 , .. " 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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l'UlYl(i)tl~nf)~'U bb(1::1Vi'i::tJ::bf)~tl'U~~'U'1Jtl'lvl'U(1tltJ h iirilbvlln\J 0.16 m (i)'1,1'Unm t 1'Unl'i 
~ , 

bf)~tl'U~'1Jtl.:J~'Ui;ltltJiirll bvlln\J 1 l'UlYi ?lllJ l'H1V1l AlllJ b~l'1Jtl.:JbYltl.:Jb'WmlJi'~l mUJnl 'i ~tlhId 
d 

~ln?llJnWVI (3.1) 

N = ix 30h 
nrl 

60 30xO.16 
=-x---­

16 nxO.008xl 

= 716 rpm 

(i)'1,1'Uf)lllJ b ~l'1Jtl'l bYl tl'l b 'Wm bf)~tl.:J rh bU\911 yJvh~lJi'~ l n nl'itltl n ~::ii ril1n~bfltJ'I fl'U 

f)lllJ b~TV1 flli1'1Jtl.:J bf)~e:).:jfhl,uIi11yJy.h 

.. 70 em 
/~-------~ 

55 em t 
25 em 

~ 

+-- 55 em -. 

~llmtJ~ 3 .6 lf1d.:J?l-rl.:J'1Jtl'lvl'Ui;ltltJ'Vhillnl?l\9lbVl~mllnmtl1'U~:; bU'UhilJi;ltltlt1l bb~l 
~ , , 

VilJJi'ltJ~l1'Um:r'l ~'1V1'U'VIl'U~tlnlJflli1n1tl'U'1Jtl.:Jt1l'VI:;bi;liiiJ~f)'1llJn 'h:] 55 em AlllJtlll 70 em , 
bb(1:;f)lllJ?l.:J 25 em lli1tliit1lVl11'n 15 ko Ji'l'UVliilvhlJlJ 45° b~tl-r'UbbJ'I\J:;'VI:;'1Jtl.:JA~'U'VI:;I,i;l(i).:JJtJ~

~ ~ ~ ~ 

3.6 1,1,J '161 tltl 1.l11lJl n~?lIi1'1Jtl.:JvI'U61tl tl lli1 tlAIi1~l mBlJll'm~.:JVllJ 1i1'1J tl'lvl'U61tltl, , , 

(3.5) 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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~ • d v 
f'1BAll:lJtJ11'1JB-l?lTU'Vl?lB-l'1JB-l\i)l'U'1J'Ul'U (m) 

ABf'11l:lJ~':)'1JB':)";l~vdl':) ~ llfl~ ~ (m) 

ABAll:lJ~n'1JB':)vl'UflBtJ (m), 

VlltJ1:lJlV1";l'1JB':)~'UflBtJl\i)tJ ~ jjAllvllnu 70 em ~ jjAW(llnU 55 em ~. jjAllvllnu 25 em 

llfl~ I;. jjAllvllnu 55 em 

'lln?l:lJnl";l~ (3.5) 

I 
V = - x (LI + L2) X hi X h2 

2 
I 

= -x(O.7 +O.55)xO.25xO.55 
2 

·3 3 
= 85.94x10 m 

VllU";l':)b~B':)'llnJlVlUn'1JB':)~'UflBtJ1\i)tJJlVlun m bvllnu 15 kg Vll1v1'lln?l:lJnl";lvlB1tJt1 

'lln?l:lJnl";l'Vl'" (3.3) 

F=mg 

=15x9.81 

=147.15 N 

Vllbl";l':)flBtJi11'1JB':)~'UflBtJll'1tJ P jjAlbvllnu 1,024 kg/m
3 bbfl~ g jjAlbvllnu 9.81 (m/s2) 

'lln?l:lJnl";lV; (2.4) 

FB=PVg 

= 1,024x 85.94 x10-3 x9.81 

= 863.31 N 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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http:O.55)xO.25xO.55


27 

b11 B-:J ~lf)A ~tl'(j1 f.J~-:J'Vl::; bl:'liiA1'll b 1 1:'1 1m f) f)11Al1~;;WIJ B-:J A~tl1Jl f) vl-:Jt!tlAlllJ 'UtI'lJ en 
" 

A~tI'Ulf.J~-:J'Vl::; bl:'l~-:J-UB f.Jf1l1BB mb'll'll 1 ~~ltlVl-UlvltlI:'lB(Ji1~~ 45° t!tlbYiBI:'IVl bb HU::;'Vl::;bVl(Jm-:J1~ , , 
-UB(J~?\Vl~-:JlJ~-UB(JI:'I-:Jbb1-:JU::;'Vl::;bVl(Jm-:Jn~::;~'l-UB(J\l1llJ1U~lmbv1t1lBBmb'll'll~lJ1~-UB(J1Uf)ll 45 ° , , , 

Bl~~::;vh1~~ltlVl-Ul'UB-:JvltlI:'lBf.JVI,yf) bntl 1 UbUti e-Jl:'l1~~ltlVl-Ul~lJ1~ b~mnVlA~tlb.rrl~ 1U::;'Vl::; ~::;vh, 
1~mI:'IJ1'UB-:JA~tlth'l6iltlm::;~1(J~tI1uf)Vl1~1~vltlI:'lB(J bA~Btlm~b~~U1d1'Vl6m'W, 

<V d d I 

3.5.1 Vl61nnl1bfl61eJtI'Vl'!JeJ'l'Vltl~eJtI, 
vltll:'l B(J~::; Blr'l(JVI~f) nl1'UB'lLb 1 'lI:'lB f.Jvll bUti vlTV111~vltlI:'lB(J bA~BtI~MAB b~B bn (ilf),H IJ, . , 

hj?1J1 b?1lJB'U B-:J i:ilJ1Vl1 Bf1l1 b n Vl'U B'I A~tI'Vl::; bl:'lvltl 1:'1 B(J~::; B 1 r'l(J nl1 (J nvll'U B -:J A~ tlJ1111tI f1l1 N ~f1, 
Vl1B (J f) vll'U B'lvltll:'l B f.J1tl nl 1bA~tltl~~'l~::; bA~tltl~\il1 ~A~tI'Vl::; bl:'l11, 

~---, 
~~~- ­ - - ---~""'C- ­,;..--::­

"­ -

~1 mu~ 3.8 ~f)~ru::; nl1bA ~tltl~'UB-:Jvltll:'l B (J~::; bUtlf1l1 bA~ tltl~l 'Ubb tll~ '1 ~ -l ~~ " , 
bA ~Btl~\l11m::;1:'1 BnA~tl~ b 'ihmu::;'Vl::; b~BAl1lJ?t'l'U tl'l A~tlJ1m n'Wtl~~ ::;vh1~bnVl bb1'll:'ltl (Jvll~i1 I'll 

" 
1Jl n nl1Vl1tl b vl1 rI'll bb 1 'l~ bA~ B'l n1 bDVl1 ~Yh v1tl'l f1l11tl f1l1oU\J bA ~ tltl n ~ ~?\ 11Jl1 t1 (J n vitlfl tlt/lVi, 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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1'U~ffi-if bf1~e.J-ln"HDI711'V~vhm~bb6W1J-l1I71tJe.Je.Jfl bb 'U'U1~~'U~ e.JtJv11-l1'U~-l fllJbf1~ml~:ff'U 
bb~~~-l ~-le.Je.J flbb 'U'U1~bf1~e.J-l nl bDI711'V'lY11 m~ bb?1\9lJ -lVllJ'U\9lllJb~lJ bb~~VllJ'U'V1l'Ubb~ll~-ll'U b~ tl ~ 171 rh, , 
?1 ru b~ tJ b~ e.J -l OJl fl tlU fl J rufl-lViI'l'V11-l VllJ'U bb ~~~ 171 031'Ul'U mJ fl J ru~-l fll 'l ml'U'V11-l VllJ 'U'lJ tl-l bf1~tl-l nl b D 171 
'U v 'I ~ 'I 'I 

1'V'lY11 m~ bb?1m -lt1'Uv111~.rrll 'V'lY11 ml'U.rrlluJhtJ~-l1-ifl-l OJJ'U1171~billJ1m'Uf1lJ.rr11 'V'lvh1~f1-l~v1-:)JU~, ~ 

3.1 0 nl~-ll'V'lVh~tltlflOJl m-lOJJ'U1171~OJ~iJ.rr11'V'lvhf1-l~ buhlJ11 U bil'qI71'lJ110J bb~l'1ll'~OJ~-l Battery 

~tllu 

? 9 
01 02 ++ 

Vdc 
R 

03 

OJl mu~ 3.10 'NOJ'l b~tJ-lm~U?1bb'U'U'U1I71OJ11711tll71fllJv11-l1'UOJ~ bVliJ tl'Ul-lOJJb~tJ-:)flJ~ bb?1 
~ 

bb 'U'U'U1171 OJ11711 tl 171~ b1tJ-lly~ fl J~ bb?1?1~'U1~b tJ'U 1 'V'l fl J~ U?1 \9l J -lv(ljlull71 tJ bJl OJ ~ tll ¥1tJ ~ ru ?1:I.JU~ 'U tl .:j 
11711tll71~'l11m~ bb,n Y;tJ-lViI'l'V11-lb~tJllJ1 ~mU'Ul-lOJ'l'U1171'ih ~tl1~dll71bbJ -lv1'U1'V'lY11\9lflf11mAl-'1r.1 filii1f'J 

? 
+ 

Vdc 
R 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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-;;]lnJ'tJ~ 3.11 bfl~el-:JnlbUVIhlvh m~U?lm.:jVl:lJ'UV11:lJb~:lJ.rrlvl'1'U'U'U'1Jel.:jbfl~el.:jrhuVI" , 
1 yJvh m~U?lV1':i.:jbtJ'U'Ul n.rrlvl'l'U~l.:j btJ'UGl'U~l EJ1 'Ue)?l1mVilelVl~.:j 4 o/I11V11elVi o/Il~1vl'~'U1'Ue)?l V1':i 'lA tJ 

1ellelVi 02 , 04 ilm~bb?l1V1Gl-;;]ln.rrl'Ulnvl'1'U'U'U e-Il'U1V11elVi 02 e-Il'U1V1GlVl R e-Il'U1V11fJVI 04 m'U 

l-:J-;;] ':i~.rrlGl'Uvl'l'U~l-:JilP1n~V1nfl~el:lJ1VlGlVl R .rrl'U'UbtJ'U'Ul n.rrlvl'l'U~l-:J btJ'UGl'U1vl'bb ':i -:Jv1'U'l11-:J'Ul n eleln 
, 

bell'VlY1V1 

? Q 
i 

-1\ / n +I" ~ rVII( 

L of' k 

'\ _ I/ 

-;;]1 nnJ~ 3.12 bfl~el-:J nl bUVil yJvhm~ bb?lV1':i -:JVI:lJ'U'Vll'U b~:lJ.rrlvl'l'U'U'U'1Jel-:JI.f1~el-:J nll.-U Vi" , 
1yJvhm~I.I.?lV1':i-:JbtJ'UGl'U.rrlvl'l'U~l-:JbtJ'U'Uln~lEJ1'UeJ?llmVilelVl~-:J 4 o/I11V11elVio/ll~1vW'U1'UeJ?lV1').:lAtl 

hlelVi 01 , 03 ilm~bb?l1V1Gl-;;]ln.rrl'Ulnvl'1'U~1-:J~1'U1V11fJVI 03 e-Il'U1V1GlVl R e-Il'U1V11elVi 01 fJ':i'U 

l-:J-;;]':i~.rrlGl'Uvl'l'U'U'UilP1n~V1 nfl1el:lJ 1 VlGlVl R .rrl'U'UbtJ'U'Ul n.rrl vl'1'U~1-:J btJ'UGl'U1v1bb ':i-:Jv1'U'l11-:J'Ul nelel n 

bell~'l"iV1, 
-;;]1 nnl':ifll'UfI:lJ.rr11yJvh'1Jel-:J bfl~el-:Jnl b-UVl1yJvh m~ bb?lm-:J1~f1-:J~vl'lm-:J-;;]':i'U~VI'il1V118V1, 

'Yll1mvl' bellv1'1"iV1~il.rr11yJyhfl.:l V1Gl elVi blGll ~-:J bbilbfl~el -:J n 1 b-UVl1 yJ~l m:; bb?lm -:J-;;]:; ilVlI'1'Vll-:J nl':iVl:lJ'U, , 

d 
3.7 I.b'U\ilb\il€l':i 

b~el-:J-;;] 1 nY'Hi'l1 yJ~l ~1vl' 'ill nbfl ~el -:Je.J ~ (I)1 yJ ~l vl'lEJ fI ~'U'Vl:; bGltT'U btJ'U 'I"i ..,-J 'l 1 'U~hi 
?lJl b?l:lJel nl':i~-;;]:;lhV'l;;r'l -:Jl'U1yJ~ltT'UltJloU'bGl EJ~ -:J hibVI:lJl~?l:lJ b'I"i ':il~ bb ':i .:lv1'U bW ~ r11;;r-:J hj~ hi ii 

All:lJ viel b~ el-:J ell 'il-;;] ~'Yll1mVlGl VI'Vll '11 yJ~ 1 b~ EJVll EJ 1v1 -;;] 1 n f1ru?l:lJ,j'~'1Jel -:J bb'U V11.V1 el ~~?l1:lJl ':i [1 Ul'U, 
'I"i;;r-:J-:Jl'U1-rlvl' ~'I1vl''l11 bb'UV1 bV1el~:lJl btJ'Uelumru1 'Unl':ibtl 'U'Yi;;r.:l-:Jl'U1yJ~ll'U'l11-:J~bfl ~el.:le.J~ l'll'I'I~ '1 vl'1t1, 
f1~'U'Vl:; bGlhi?ll:lJl':itl'Yll.:ll'U1vl' bbGl~.rrel~BnU':i~ nl':iVl'l1.:l'1Jel-:J bb 'U\?H\il€l~J'U Am~ml.'UV1I.V1€l~:D nTa '18 

r11;;r-:J1yJ~l€l€l n1~n'U1VlGlVll.b ':i.:lo/l'U1yJYll-;;]~ilAlfl-:J~v11 tJ nl':i~-:J r11;;r-:J1yJ~l tl-;;]~vim~el.:l bl. t9l 1.(i)el~'ii.:J 
btJ'UelU mru~~lf1ruvielnl TU1V'l;;r-:J-:Jl'U1yJ~1~e.JfiV11vl1woU'U':i:;ltJ'llu , v 

3.8 Charge Controller 
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Charge Controller Vl~mfl~El'lfll'Uf1lJ tll 'jtJ'j~~m~ bb?llvlvh vllVl,jl~fIl'Uf11Jtll 'j 
1111~1vl~ltltll'je.J~l'Ilvlvh1JEl'lbfl~El'lnl b'UVllvlvh b,th bb'Ul'lbI'lB~ b~B1111~1vl b'ih bb'Ul'I bI'lEl~~'Ub~lJbb~l 
~~vlVlVl~El tltl b~ tltll'j1111~ b'Ynl~Vll tl'Yl tJltJ1lJ1111~ bb'U 1'1 bI'lEl~~ij m~ bb?llvl b~lJ bb~1~~vl11 'lXbb'UI'I b[9lEl~ 
b~tlVlltllIilVl,jl~1JB'l Charge ControllerBtlmh:JVl,j'lABflEltlfll'Uf1lJnl~-:J1'\'~vh1'lXb VllJl~?llJn'Utll'j 
"I111~ bb'UI'I bl'lEl~tll 'jij Charge Controller 'if~~vl11 'lXtll 'j"(j11':il b'ih bbfl~ ~1tJ1vl El El tl~1tlbb'UI'I bl'lEl~ij 
'lJ')~~'V15i11'Yl?l'l?lVl bbfl~vl11 'IX bb'UI'I bl'l El~ij Ell tJ tll 'j1-ii -:J l'U'U 1 'Ub 'Vh~ ~~'Ul 'Ullil'U El tl ~1 tl 'if Charoe 

\J " :::> 

Controller V'lfiEltJfll'UfllJtll'j~ltlm~ bb?llvlvh~l tlbb'UmI'lEl~hJv'lEltJmru'1vlvh DC vil'iBvi"liB'l, , 

LOAD 1'IXvll'l1'Ul'I1lJltJ'jbbmlJvii'lH b"li'U ltJ 'j bbmlJ1'IX~ltJm~bb?llvlyhltJvi '\IlflElVl LED 12 V 1'IX 

vll'll'U 10 illlJ'l Vl~-:J tll 'je.J~l'Il vlvh \ll tlvl'Ufl Eltlb'D'U(;)mntl0'\.Jf')~~flElm~fI':h m~bb(\1vl"~ llu, 
bb'U 1'1 bl'lB~ij bY; tI'l'YlElI'1El tll 'jvll-:Jl'Ul'IllJ1tJ'j bb tl'jlJVl~B1l.i 1l1"lil'l~~tJ tl'j ru'1vl Yll,!'U '"1 iT'lvll'll'UB~bbl'1 
m~ bb?llvlYl11'Ubb 'UI'I bI'lEl~1Jru~0'UBEl'UVl1elnl~'l~~VllJ Vl Charge Controller ~~ vlVlm~ bb?llvlvh 

llJl'IX~ltl1tJ~ LOAD '!'UbyjmU'Utll'jDEl'l n'Ubb'Ul'lbI'lB~ b~EllJb11bbfl~DB-:J n'U LOAD "iil'YlltllJmI'lB1 

llJlWVliib'Yl'jl~nl~-:J1vlYll~BEl'U 

Battery 

generator 

~t1vi 3.13 tll'j1-ii'l1'U'lIB'l Charge Controller 

3.91'Vl~Vlmm'UnTa'V1Vl~B'l 
~l tl~ nVl1JB'l bfl~B'lnl b'UVllvlYllm.;rij1J'Ul Vl 24V 36W 1Vlfl Vlmit'U tll'j'V1Vl " tl ~ ;;]~ vllu 

VlflEl I'llvl 12V lOW byj ElfllllJ bVllJl~?llJI'1El1J'U1Vl nl~-:J1vlYllvibfl~El'lt:-J~ I'llvlYlllilltJfI~'U'V1~ b'H"'l:WTHl 
e.J~(;11~ 

Vl~'l ~1 tl ~ fI ru~ e:; ~Vl vllllil~1 b 'U'U tll'j B B tl bb 'U'U'Yl1EllJ rll 'Ul illVll rlll'il'l '"1vi"iil b U'U ~'U 
\J 

?11m 'j(1 nlVl'U Vl1J'Ul Vl1J El'l~'U~l'U I'IflBVl ~'U tll 'jb~B tl1.;rtlfl ltlbbfl ~~tJmru1'11'l '"1 bb~l ~-:JM~l b'U'lJn 'l 'j 

~Vl?lh-1~'U~1'U1'11'l '"1 bbfl~tJ'j~ tlEl'\J'jl1Jtl'UmlJ ~h"l'U vl'l b "Ii'U 
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d 
U'VI'VI 4 

~6in1'a'VI~6i eJ.;j1'U~eJ.;jtll.lu~ nl'abb6i:;61 f11'U~:U~.;j 

beJ n?\l':i~lith~ nmJ nl':i~ ml1~m;J6'l bM crl n'U ~n~ru~ bb6'l~~ ()~ m':ilJ'lJeJ~fI~'U'\Il~ b6'l vr~ 
m1lJ?\~ bb6'l~m1lJ b~l'lJeJ~fI~'U ~l':il'1b~ltJ1ibbVl~ ,:r51~B~~eJlJ6'l'11 nmlJeJ'\Il n~l ?\~1bV1 (J~eJlJ6'l~MJ'U

'U '\I' \I 

t11lJ1th~ neJ'Unl':ieJeJ mb'U'Ubfl~eJ~bbtJ6'l~~~~~l'UfI~'U'\Il~b6'l dJ'U 1 ~vh bb6'l~t111illm'U nl':ieJeJ n bbtJ'Uvl'U, 
bb6'l~eJm1'\1lV1m1lJ b~l':ieJ'Ub~eJ1~bVllJ1~?\lJn'Ubfl~eJ~ fllb-uV11vl~1 b~eJl~~eJlJ6'l'lJeJWl~~~l'U fI~'U'\Il~b6'l 

" 
bb~1 '1 ~ 1911 b-U'U~~'U1':i~ 'U'Ue-JR I'llvl~lbV1(Jnl':i eJeJn bb'UtJbfl ':i ~?\~l.:J'lJeJ.:J bfl~eJ.:Je-JRVllvl~l '11 m~~.:J.:J1'U 
fI~'U'\Il~ b6'l'lJ1(J~.:J bb~1Yh nl':i'\llV1?\eJtJbfl~eJ.:Jfh b-uV11 vl~ 1bb6'l~':i~'U'U n6'llnm-ill'Unl':i~'U1m~n1~.:J1vlih 

?\.:J?\V1 ~eJlJ6'l~1~t11hJ1m'Unl':ieJeJnbb'U'UvI'U '11nJ'U'1~Yhnl':i~Vivr.:J bfl~eJ.:J rlrl biJV11 vl~l b~eJ&lV1vr.:J 
\J, 'U , 

b?\ ~'1 bb~1~.:J bn'U~m;J 6'l'lJm fI~'Ubb6'l ~y.j~.:J.:J1'U~e-J RVlllii1'U'li1.:J b16'l1 ~1.:J 1 

4.1 (i\',ld~6le)tJbfl~eJ ,:j~~ 1'1 m:: bI.~1vlvh~hJbbtJu~dtl'W~,:j,:jl'Ufl~'U'YI:: b6'l neJ'U'\IlV1~eJtJ 
4.1.1 m1'1?\eJ'U bb6'l::;vl1f111lJ?\~eJ1V1 bfl~eJ,mRVlm::;bb?\1vl~l~l (Jy.j~.:J.:J1'UfI~'U'\Il~ b6'l&lVivr.:J 

'U1 b 1 ru'lJ1t1 ~.:J1~elti1'U?\[)1y.jy.j{eJlJ1i .:J1'U 
" 

4.1.2 m1'1?\eJ'UfI11lJ?\lJtJ':i ru'lJeJ.:Jvl'U6'l eJtI, 'lJV1 bVleJ.:Jf'U bb6'l~~.:J fh~.:J, bfl~eJ~fhb-UVilvl~l" , , 
m~ bb?\ Vl':i.:J bb6'l::1'1 ':il'1?\ €JtJ':i~'U'UtJ':i~ '11, vl~l 

4.2 nl',lbVl~tllJeJtJmrui:un1',l'\llV1~eJtJ, 
l'Un1 ':i '\llV1?\eJ'U'1~bVl~(JlJ'lJV1bntJtJ':i::'11vlYhbb6'l~Vl6'leJVilvl~1 12 bd6'l1'l ~lV1f'U :::vh nl ':i, , 

'\IlV16'l€J.:JlV1m~bb?\lvl~l bb':i.:JI'1'U1vl~lbb6'l::n1~.:Jlvl~l b~m~l~.ff'U \P1 eJ'U~eJ11.J 
" 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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4.3 15m'a'VI~&\u~ 

4.3.1 ml'<iJ?1eJ'U~'U~TLl'Vln~'U1~e)fJ1'U?1m~YfrmJ1.u..:!TL! , " 

4.3.6 D'UVim..mm'a'VI~(;1eJ":! 

4.3. 7 'I1lrilvhvl'<iJlnm'J'VIVI~eJ..:!lIl~~eJl'lmlyj 

4.3.8 ?1'JDe..mm'J'VIVI(;1eJ..:!, 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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t:-J" fIl1vl 1 L -W'Ufl 11'Vl (il"€l'lfl~'l.QL~m;h fl 11fifl'\jl fl 11 Lfl~€l'l t:-J~ 1'1 m~Lb~1~vh ~l CJ'W~'l'll'U 
A~'U'Vl~L"~(il~'lU~mU'111CJ~'l 'iJ~~CJ~~€l'lf'lltl,li;i'lf)€l LL1'l~'Ul~Y11 m~LL~1~Y11 fh~'ll'Vlvh A'Jl lI 

?l'l'iJ€l'lA ~'U nm fIl1LA~€l'l~'1J €l'lvl'U" €l CJ bL"~Vll'tJ1~ ~'Vl5.fll 'W'1J €l 'l LA~€l'l e.J~ I'll~Y11 ':ill fl'W ~'l 'l l'UA ~'U 
\J , 

'Vl~L" bV1CJlJl6fll1'VlVl"€l'l~'l.Q 
fll1'VlVl"€l'l bVlCJfll11(ilmlll~'l'1J€l'lA~'U m~LL~1~Y11 LL"~LL1'l~'UlyJY11 ?il'Unl~'l 

\J 

30h 
N = i x 

nrt 


Fxh 

P'nechanic = - , ­

(4,1) P.lecl"" = VI 

E'fji , Pelectric 100lJlclency= x (4.2)
Pmechanic 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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~mb'J;J~'U1~.yh (V)V 

~€Im:mi?1h~YJ1 (A)I 

4.4.1 n1'J'V1~;;'m.:Jl'UlXB.:J'\.JliU~n1'J 

nl'J'VlVl f1€1"l bfl~€I"l nib\JVl1 ~YJ1'Vhrn'J'V1Vlf1€1"l bb uuhjmVlf1Vl bbf1:;mVlf1Vl tVl tJl.u'VlVl f1€1"l~ 

'J:;~Uf1l1:IJ?l"l (h) 10 (1"l 40 em ~'Uf1:; 10,20,30 bbf1:; 40 e m mll~1~UtVltJh1bfl~€I.:Jn1b\JVlhlYh 
" 

~ 1 mY'UVl 1 rn 'J'1Vlrl1 b 1 f111 'U rn 'J bfl ~ €I'U~'1J €I"l~'U f1'€ltJ m:; bb i?11 ~YJ 1 bbf1:; bb'J "l V)'U1~YJ 1 bb ~l'\.ll:wl 
rl1 til ruVl1r11 r\'1 ~"l'Vll"l n f1 n 1 ~"l1~YJ 1 f1l111b 11 'J€lU bb f1 :;1..h:; ~'Vl5m'W'1J €I;J 'J:;'U'U ~ 1 n i?1:IJ rn 'J ~ 
(3 .3),(4.1),(4.2) bbf1:; (4.3) 

(1) n1'J'V1~f1B.:Jbft~B.:Jnlb{j~h"J-WlbbU'U1:uiTI'¥If1~ 
Vl1nl'HJnvl'Uf1BtJ 10 (1.:J 40 em m:IJ~l~U tVltJHnf1l1'Urn'Jbfl~B'U~'1JB.:Jvl'Um)8, , 

~f1 nl'J'V1Vlf1€1;Jbb'U'UhimVlf1Vl 

'J :; tJ :; rn 'J 
d d 

bfl f1 €I 'U'Vl'1J €I.:J 

~'Uf1BtJ (em) 

bb'J.:Jv)'U1~YJ11'U'1Jru:;~ 
, , v 

vl'Uf1BtJbfl~B'UVi~'U (V), 

bb 'J.:J~'U1~YJ11'U'1Jru:;~vl'U, 
d .cd 

f1BtJbflf1B'U'Vlf1.:J (V) 

bb 'J.:J~'U1~YJ11'U'1Jru ::~VilJ 
, , v 

, 
f1€1mfl~€I'UVi~'Um (V) 

(20,40,60bbf1:;80 em) 

10 7 7 8 

20 10 10 11 .5 

30 13 13 16 

40 20 20 22 

lfl ~€I'U~'1J Bwl'Uf1 BtJ 1 l'UlVi l~ml'Uf1 BtJbfl~ €I'U~f1.:J~:;1J1lb'J .:Jv)'U1~YJ1 b vii fl'U fl'u1'U'1Jru~~vl'UmW" , 
bfl~B'U~~'U ll'J.:J ~'U1~YJ 11'U'1J ru:;~vi'Uf1€1 tJbfl ~B'U~~'U f1.:J~:;lJ1bl 'J .:J~'U1~.yh:lJl n nl1ll 'J.:J~'U1v-lYhl, 

ll'J.:J ~'U1~YJ1J'U~:;:lJ1 n~'U ~'U€I ~ flm:; tJ:; nl'J lfl~€I'U~'1JB.:Jvl'U f1BtJblf1:; b 1 f1lm-til'U rn'J bfl~ B1.1'~"l' 'fl..:J" , 
vi'U f1 BtJ ~.:J lfl~€I'U~m nllf1:;1.unf1l1'Urn'Jlfl~B'U~ilBtJn~:::?i.:J~f11Vlbb 'J .:Jv)'U1~YJ II~lIm n~'U, 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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: 20 UVI oOs 5000; / Stop 

I---+--~-- ---­

':. ) .-.-+-.~-+-~+--<---+-.- -f---.-~-+-~---I- -~-f-.---+-~--t l 

.--­ ---1------11 

-f­ ----­

~tl~ 4.10 ~~~lrubbd'W)\J1~Yh1'U'Uru~~'Ufj€JmA~m.rv\~'U 
~nnJ'\J~ 4.111~Vhnld'V1\i1fj€J'I1Vf'Vi'Ufj€JmA~€J'U~fj'l 40 em H'nfjl1'Unl'JLf)~ 'U~ 

'\J , 

I 200VI 2 oOs 5 OOO~I Stop 

T

• 
' ~ 

"" 
~~~--f---.-~~~-f---.-~~--+-~---~~-+----+--~-f '-.~

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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25 

20 

:;­
c­ 15 
~ 
~ 
r-" 

~~ 10"7 

~ 

5 

0 

10 20 30 40 
~ ci t 

'l::;V::;m'ibfli;l€J'UVl'1J€J~'VltmmJ (em) 

• bb'i':]I'l'U1'Wvh1tl'IJru::;~vl'Ui;l€J mfl~€J'U~~'U • bb 'l~I'l'U1'Wvh1'U'IJ ru::;~vl'Ui;l€Jmfl~fJ'Uyj~~, , 

(2) fI1WI~~e:J'IbR~e:J'Irl'1boU~1'WVh,blJlJffiVilMl 

y'hm'iv1€JlVIi;l\il 'IJ'Ul\il 10 w b.ultlUbfl~e:mh boU\il1'WVhbfl::;'}·h m'ivitl'IJ'Ul'Ul\il8ii1:11WI1 

mUfl:wm'iU\il-bU\il bbA'n'hnl'lVnvl'Ui;l€JV 1'U'i::;v::;m'ibfl~tl'U~ 10 (i~ 40 em I'nmh~u l~tili, , 

bli;ll1'Um'ibfl~e:J'U~ 11'UlYi l\il bb'i~1'l'U1'WYh m::;bb?l1'W,\,~l bbi;l::; Al'U1ruVil fh~~1'WYh '1lln ii1lJnl'i 

~ (4.1) 1v1e,Ji;lm'iVl\ili;lm1'Um'il~~ 4.2 bbi;l::; 4.3 bbk;l11le.Ji;lm'iVl\ili;l€J~hJ?I~l~ml'W 

lVli;l\il 10 w 

{:. .ji;l m'i'Vl\il ?ltlU1'U'IJ ru::; ~vl'U bfl~ tl'U~~'UffiVli;l\il, 

.,j d 
'i~ V~m'ibflfltl'U'Vl'IJm 

vl'Ui;l€JV (em), 
bml'l'U 1 'Wvh ( V ) m~bbI:11'Wvh (A) fh~~1'Wvh (w) 

10 3 0.2 0.6 

20 3.75 0.38 1.425 

30 4 0.8 3.2 

40 5.5 1.3 7.15 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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nl~-.'J1yJYhl~\.!'il~mn;'U 

'illm'\J~ 4.13 M'Vhn1J'Vl~!;'leJ-.'JtJnvl'U!;'lmJ~'U~ 40 em Hil1!;'l11'Un1JbA~m"!~'lJeJ-.'Jvl'U", , 

I 5 ov i ' J 1 00 A/ 00, 5 ooo~/ Stop 

~ I 

; 

.?~ .. 

, I 

/ -\ / ~ /"1\ / "\ /
j 

' \ / 0.­
I : " -­

---~ 

\J '\ : 
- , 

I \ \ / W- \ I i 
I ,\L 

- -
I 

I 
,I , 

- -­ -~ '-... ;;r '-./ "-/ 
. ' 

I 
I 

lvm~ 10 W 

d d 

J~tJ~n1 JbA!;'leJ'U'Vl'IJeJ-.'J 

vl'U!;'leJtJ (em) , 

10 0.753.75 0.2 

20 1.6383.9 0.42 

4.4 3.9630 0.9 

40 7.155.5 1.3 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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~ln~Ll~ 4.131vlVhm'JVl~G'l€l.:JtJn~'U'1'~tJG'l.:J~ 40 em linml'Um'JLfI~€l'U~'IJ€l~~'U 

G'l€ltJ 11'UlVi ~~1vlLL'J'Ivl'U1vlvh(DCAvg) 5.57 V m~ll(l1yJvh 920 mA 

I 50\1/ 2 100Ai O.Os 5 . 000~/ Stop
-

I , 

l',\ / !\ (" / ~\ j \ \ ( ;'\r/ \ I / 1\ I \ 

1\ / 
, 

\ I 

\, j 
I 

\ 
I \ 1 . I \1 I 

I i i I, . v , 
I 

y 

i. 
~. ,, 

I, 
I , , 

I- 10-.. , -1"""'­ '\.., l' '-'"'" V "'i.,...:. "'\./t'" 
i; !::> 

: 
I 

: I 

, I 
. . . . 

lV1G'l1'l 10 W 

'" ."'J~ tJ~m 'JlflG'l€l'UVl'lJ€l.:J 
ll'J'Ivl'U1yJyh ( V ) 

vl'UG'l€ltJ (em), 

10 
 4 
 1.20.3 

2.7620 
 4.6 0.6 

30 
 5
5 
 1 


8.440 
 1.46 


เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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bA~ B'U~;ff'U~ ,lt1\FiJ~ b U'Uf'Il ':i bA~B'U~~~m~B'l~'l'vh1t1rh t1'11vJY1l:IJ l nnll ~'U~BeJ bA~B'U~;ff'Ubb~~ 
~'U~BmA~B'UVi~'l 

tht:.j~nl':iVl(9)~B'l~l~~ln(ill':il'l~ 4.2 bb~:; 4.3 t1l:lJl'W~BvJn<nvJbvJm;hnl':i 

btl~tJ'UbVitJ'Urht1'11vJY1ln\J';i~tJ:;m':ibA~B'U~'Um'YitmmJ vl'l':itl~ 4.15 , " 

10 20 d d , 30 40 
':i~tJ:;f'Il':ibfl~B'UVl'U B'lVl'U~B tJ (em) 

• rht1'11vJY111'U'Uru~~'Yi'U~mJ bA~B'U~;ff'U • n~t1'11vJY1l1'U'Uru~~'YimmmA~ B'U~q -.'j, 	 , 

~ 
r 
~ 
~ 

r--" 

~~ 
r

0C: 

8 

6 

4 

2 

0 

(3) 	 n1':iV1~&lB,:j'VIlf'1dl:Wb~':I':iBU"lJB,:jb~~B,:jfhliwI1y.Jvh 

'vhf'll':iVl(9)~B'l1(9)tJtJn'Yi'U~BtJ1'U':i:;tJ:;nTHfI~B'U~ 10 ~'1 40 em l~tJHlnm 1 l'UlVi, 

bb~ :;vhf'll':il(9) J~ tJ~ f'IlJbA~B'U~'UB'I?l~'Wl'UbYJB'l bb~Till:lJlfhtl1ruA1l:IJ b~l':iB'U VilU;~ln?l:IJ nlj~ 

(31) 1~t:.j~f'Il':iVl(9)~B'l1t1(i1l':il,:j~ 4.5 

d d 

1:; tJ~ f'Il1bA~BtlVl'UB'l ':i:;tJ~ f'Il':i bfl~BtI~'Um nmffi.;ntlf'Il':ibA~BtI~ "All:Wb':i1':iB'U 

~'U~BtJ (em) ?l:; vntlbYJB'l (em) 'UB'l'Yitl~BtJ (sec), (rpm) 

10 4 1 179 

20 8 1 358 

30 12 1 537 

40 16 1 716 

~l ne..m f'Il':iVl(9)~ B'l1'U(ill':il'l~ 4.5 [:..j~'UB'lA1l:W b~l ':iB'U'UB'lbA~B'l nlb'U~1V~Y1 1')\J";')::: 
;fftiB c.J nm:; tJ:; n l ':ibA~B'U~'UB'l'Yitl~ BtJ bb~:; b1m1'U n l':i bA~BtI~~B'l'Yi'U~BtJ t1l[:..j~ mWI(9) ~B'lm~" , 	 , 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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51'UlVl bb~":l'Vhnl1l~fh bb1,wl'U1~vh m:;bb611~vh bb6'\:;fh'Ulruvnfh;1'l1~Vh'illf161lJnl 'j~ (4 , 1) 

1v1e.J6'\nl1'Vl~6'\eN1'U~n11'l~ 4.6 

mdl'1~ 4.6 	bb61~'lf1ld'u'UVif1e.J6'\ nl1'Vl~6'\B'lnl1b'\J~tJtJbVltJUd:;Vlll'lfh~'l1~VllnU b1611v11m'U f11'r 

bA~B'UVl'1JBWi'U6'\BtJ, 

d d 

1:;tJ:; nl1bA61B'U'Vl 

'1JB'lvl'U6'\BtJ (em), (V) (A) 

1 6 1.4 8.4 

2 5 1.28 6.4 

80 3 4.5 1.1 4.95 

4 4 0.7 2,8 

5 3.5 0,5 1.75 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 

http:bb61~'lf1ld'u'UVif1e.J6
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4.4.2 ~&ln1':i'V1~&lij~1'U6Hn'U~tJ~nru~mJ~~ 

m")'V1~fle:J'IbA~e:J'Ifhu~1~Yhvhm':i'Vl~G'le:J'Ibb'U'Ul:JffiVlflmbG'ldnVlfl(i1 l'U~ 9 iJmnm.l, 

2557 ~-:j1'Ul'U~v'hnl")'Vl(i1fle:J'IA~'U'Vl~bmr'UilA11~r:I'Ie:Jci~ (h) 10 n'l 40 em ~'Ufl::; 10.20,.30
" " 

bbG'l~ 40 em (il1:Wi;h;1'U1(i1v1'lXbA~e:J'IfhbU(i11~yh~e:J1VlG'l(i1 VlG'le:J(i11~Yh'1J'U1(i1 12 V 10 W 'Il1 'Ud'U vh 

m ")~e:J'!J'U1'U1(i1 vilr:li ~'I1AT\JA:wm ")U(i1-bU (i1~lmr'U'Vh nl")l(i1~ lb1G'l11'Un 1") bA~e:J'U~'1Jm 'Vh.lfle:Jv, , 

m::;bbr:ll~Yh bbfl~bb':i'lv1'U1~Yh bbATLh~lfh'Udo.rvl1fi1n1~'1'Vl1'1nfl n1~'11~Yh bbG'lnh::;~'Vl5.rnYi 

'1Je:J-:j':i~'U'U ~lnr:l~m")~ (3.3),(4.1) bbfl::; (4.2) 1(i1vilr.Jflfl1':i'Vl(i1G'le:J-:jv1-:j.Q 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 

http:10.20,.30
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'<ii'1'Ul'U~ flA~'Ubu. ~~~vhfnrrVl1 'Ublrnl'h-:J'l 

blm 

.. 
Af1'U'Vl:::bf1?!-:J 10 

'\J 

em (~fI/'UlYl) 

.. 
Af1'U'Vl:::bf1?!-:J 20 

'\J 

em (~fI/'U1Yl) 

A~'U'Vl::: bf1i:1-:J 30 
'\J 

em (~fI/'UlYl) 

.. 
Af1'U'Vl~ bf1?!-:J 40 

'\J 

em (f1f1/'UlYl) 

09.00-10.00'U. 12 15 12 .. 4 

10.00-11.00'U. 11 14 12 5 

11.00-12.00'U. 12 16 13 6 

13.00-14.00\.1 . 13 18 16 4 

14.00-15.00'U . 15 19 16 7 

15.00-16.00'U. 13 21 17 8 

16.00-17.00'U. 10 23 18 7 

17.00-18.00'U. 8 25 20 9 

A~'U'Vl~bf1m'<ii'l'Ul'U 12 f1f1/'UlYl bbf1:::~Al1lJi:1-:J 40 A~'U'Vl~bf1m'<ii'lm\.l 5 f1f1/ 'U1Yl 
~ '\J 	 '\J 

v1-:JS'U1 'U'Vlfl'l 1 ~1llN Al1lJi:1-:J'1J€l-:JA~'U~dJfIl'HtJ~~'UbbtJf1-:JhJb~ fI11€l~ bbf1:::m l l.JL11 
, 	 '\J 

(2) 	~6ml'aVl~aeJ.:jbA~eJ.:jnlb\j~hlV11bbuullJffivm~ 1w;H.n\.l~'\l~.:j 

Al1lJ?!-:J'1J B-:JA~'U1'Ul'U~vhfllJ'VlVlf1B-:JBtJ~ 10 (i-:J 40 em 1f\1lJ~1v1U vll n1 
'\J 	 '\J 

~rl nl"i 'VlVlfle:J-:Jbb'U'UhjffivmVl 

"i~CJ~f)l"i 

.; .. 
bFlflB'U'Vl'1Je:J-:J 

vl'UflBfJ (em) 

10 

20 

30 

40 

blmv11m'Unl"i 

LA~e:J'UVi'1Je:J-:Jvl'U, 
rlelfJ1'U'1Jru:;:IT'U (5) 

0.44 

0.64 

0.77 

0.84 

nmv11m'Unl"i 

bA~e:J'UVi'!le:J-:J~'U 

flBCJ1'U'1Jru:;fl-:J (5) 

0.39 

0.58 

0.66 

0.75 

bL"i-:J~'U1yh~1 

1'U~ru:;~~rle:JCJ 
LFI~B'UVl~'U (V) 

11 

15 

21 

25 

Lb "i-:J~'U1vJY11 

lU'1Jru:::~'Urle:JCJ 
~ d

LFlrle:J'U'Vlrl-:J (V) 

12 

18 

23 

28 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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, I.... , 
bf'1~e)'uvHh.J~-:J l'UVl 9 iJ~'UltJ'U 2557 

t-l~ nl1'Vl~~el-:J bbUUlJJ:IThlj~~ 

1~ tJ ~nl1 bf'1~ el'UVl'1J€l-:Jvl'U b 1 ~1v1H1'Unl1bf'1~m.Jv1'1J€l-:J bb1-:J61'Ulvlvh, 
~€ltJ (em) ~'U~€ltJ1'U'IHU~~'U~-:J (5) 1'U'1Jru~vl'U~€lmf'1~€l'Uv1~'U~-:J (V), 

10 0.85 12.5 

20 1.18 21 

30 1.35 28 

40 1.49 30 

nl1bf'1~€l'Uv1b~1~'U n'IJ~~-:J~~1.:fbb':l-:J61'U1vlyh:lJln~'Ub'1l'Ut~'U 

'l.1le..mnl1'Vl~fl€l-:Jv11~'illn\1l111-:Jv1 4.8 :lJl'\"l~€lvlmlvlb~mtJ1tJU bVltJUbb1-:J61'Ul vJ vhnu 

1~tJ~nl':lbf'1~€l'U~'1J€l-:Jvl'U~€ltJ 61--11tJv1 4.18, ~ 

10 20 30 40 

1~ tJ~nl1bf'1~€l'Uv1'1J€l-:Jvl'Ufl€lt'.l (e!J1l 
• bb 1-:J61'U1vl~11'U'1Jru~vi'U~BtJ bf)~ €l'UVl'1J'U, 
• bb1-:J61'U1vl~rl1'U'1Jru~vl'U~ €lmf)~€l'U.yj~-:J, 

30 

25 
> 
r 20 
~ 
~ 15,---" 

d~ 
10"7 

~ 
5 

o 

, , v 

~€l tJ bf)~€l'UVl~'U,~--1 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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(3) 	L!-J6'lrn':l'VI~6'lB,:afl~B":H11biJ~1vlvh,I,'U'UffiVi6'Wl 1'U6Hll'U~~~.:j 

vlltll':lli'ieJh'li;Wl'lJ'Ul1il lOw All:IJi?1'l'lJeJ'lA~'Ul'Ul'U~vllm'J'VIIil6'leJ'leJ c.J~ 10 fi'l 
~ 	 ~ 

~ 

~'U l'UVl 
, 

9 iJ~'UltJ'U 2557 

'J:; tJ :; til 'J 

d d 
 nmv11m'UtIl'J 

lfl6'ltl'U'VI'lJtl'l 
, lA~eJ'UVl'lJtl'l~'U 

'VI'U6'ltltJ, 
6'ltltJ (5)

(em) 

0.57 1.05 

20 

10 3 0.35 

3.25 

30 

0.78 5 0.65 

5.770.92 7.8 0.74 

40 0.95 8.39 0.92 

v c4 	 ..:::::.. 
m l'U'VI 9 :lJC1'UltJ'U 2557, 

'J :; fJ:; til 'J 

lfl~ tl'UVl'lJtl'l .d. ClI • 

lfl6'l eJ'U'Vl'lJtl'l'Vl'U 
vI'U6'ltlfJ, 

(em) 
6'ltltJ (5) 

2 

5.5 

7. 2 

9.6 

10 0.51 4 

5.5 

6 

8 

0.5 

1 

1.2 

1.2 

20 0.62 

30 0.71 

40 0.82 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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~ . 
~'Uf1.:J l'UVl 9 :W~'U1CJ'U 2557 

~f1 nlJ'VlV1f1 €J.:J bb uuffiVlf1V1'lJru~vilJ~€JmA~€J'U~~'Uf1.:J 
J~t1~nlJ 

d d 
bAf1€J'U'Vl'lJ€J.:J 

'Vl'Uf1€JtI, 
(em) 

nmvn-ifl'UnlJ 
d d 

bAf1€J'U'Vl'lJ€JWj'U 

f1€JtI (5) 

, 

bb J.:Jvl'U1~Yh (V) nJ~ bb!:l1~Yh (A) fhK.:J1~.yh (w) 

10 1 4 0.55 2.2 

20 1.38 5.7 0.9 5.13 

30 1.62 6.5 1.05 6.82 

40 1.77 8 1.2 9.6 

fnJbA~€J'U~b11~'U n'.l~~.:J~f11Vinl~.:J1~Yll:lJlfl~'Ub'1i'Utl'U 
t11~f1fllJ'Vl(i1f1€J.:J~1A'.llfl\?llJl.:J~ 4.10 bbf1~ 4.11 t11m~~€J~flJl~b~m;;lfllJ 

bU~CJubVlCJunl~.:J1~YllnUJ~t1~mJbA~€J'U~'lJ€J.:Jvi'Uf1€JtI vl.:JJU~ 4.19 
, 'U 

10 20 30 40 

J~t1~ nlJbA~€J'U~'lJ€J.:Jvi'Uf1€J ~ (clTll 
• nl~.:J1~Yl11'U'lJru~Vlvi'Uf1ilt.lbA~€J'UYi~'U, 
• fil~.:J1~Yl11'U'lJru~~~'Uf1€JmA~€J'U~f1.:J 

1U~ 4.19 nl1bU1t1UbVltlUr11;;r.:J 1 ~YllnUJ~t1~nlJbA~€J'U~'lJ€J.:Jvi'Uf1€JtI 
'U , 

12 

10 

~ 8 , 
~ 6"1= 
.-" 

~(t 
4,

01;: 

2 

0 

9.6 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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bbfl~IIl'lbbi:1 0.5 A vh1~ '1l(;)'1ll'~'ilb~:lJ '1l11'ilth~'il ~lfl~'Uiirrnmlm~tl'l 'il~'Yh1~'1l11'ilb'ih, , 

U'UVlbVltl~ b~:lJimJ1'Ublm 14 '1l:lJ.~rltJm~bbi:1 0.5 A b'Vj'l1~bb'UmVltl~vftm'UIIlTY1(;)fltl'l '1l11'ilLh~'il~, 

7.2 Ah 	b~Wll!:J1'U 1 '1l:lJ. 

(5) 	n1'a'Vl~61e:J'IVilL.J'l~~'Vl5m'W'lJe:J '1bfl~eJ'HhbU~1v.Jvh 

lIl'lvltlh''1fl(;)'V'Ul\il 10 w fIll:lJi:1'1'Vtl'lfl~'U1'Ul'U~vhlll'l'Vl(;)(leJ'ItltJ~ 10 ij'l 
~ 	 ~ 

tltln'illflbfl~tl'lfhb'u(;)1'\"Jvh bbfl~'IJ'l~i;1'Vl6m'Vj 'I-'Il1vl'illni:1:lJIIl'l (3.1),(3.3),(4.1) bbfl~ (4.2) Hli:J ~ 

1Il'l'Vl(;)fltl'l1'UVll'll'l~ 4.13 

It:mlll'l'Vl(;)fleJ'IVil'IJ'l:;i;1'Vl6m'Vj'VeJ'Ibfl~tl'lfh btJ(;)1 '\"Jvh 
'l:; tJ :; III 'l 

bfl~ eJ'UVl'V tl'l 

vl'UfltltJ (em), 

blfllvftm'Unl'l 

bfl~eJ 'UVl'V €!'Ivl'U 
.­

, 
(leJtJ:U'U(l'l (S) 

rll6'1'1'Vll·:Jn(l (w) 
(h6'1'11v.Jvh~tltln'illn 
bfl~tl'lrlrlb tJ\il1 '\"Jvh (w) 

'IJ'l~i;1 'VlB Ji1'Vj 

(%) 

20 1 29.43 2.97 10.09 

40 1.38 42 .65 6.39 14.98 

60 1.62 54.5 8.29 15.21 

80 1.77 66.58 11.28 16.94 

t:-Jfl'ill nVll 'll'l~ 4.13 'IJ 'l~ ?I'Vl5 m'll'il~ b'IJ~ tJ'Ubb L.Jfl'lVllm~tJ:; 1Il'l bfl~tl'U~'V eJ'I~'UmJf:J 

~'1vl'Ufltlmfl~tl'U~:lJln.ff'U 'IJ'l:;?I'Vl5m'll'il:;i:1'1~lm'liwl'U1.1lt:..jfl'illnVll'l1'l~ 4.13 :lJl'll~tl'\"J nnw (11~, ~ 

d 
'l'IJ'Vl 4.20 
~ 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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(6) 	 nl':i'VI~(;lB'I'VIltl';j::~'VI5Jl1'Vl'lJB'I';j::'U'Uhh~1 

n1d~Bh'l~Wl'1JtnVl 10 w flJllJ61'1'lJ'€l'lfl~'UlLr1\.J~'Vhn1d'VIVl~'€l-:J'€l~~ 10 ~-:J 
~ 	 ~ 

r11luVllYlvh nl~-:J1Ylvh~1'V1~Vl bb~:;tld:;~'VI5Jl1'\"j 'l-nl(i)'lln61lJn1d (4.1) ll~:; (4.2) l~t.H'l nl'':i 

'VlVl~'€l'l1'U\,ndl'1~ 4.14 

~~nld'VlVl~'€l-:J'VI1Dd:;~'Vl5nl'\"j'1J'€l-:Jd:;uulYl~1 

d:;tJ:;n1d 
d oJ 

lfl~'€l'U'Vl'1J'€l-:J 

'Vl'U~'€ltJ, 
(em) 

nm~H1'Uflld 
lfl~'€l'UV1'1JB-:Jvi'U 

v 
, 

~'€ltJ~'U~'1 (5) 

nl~'1lYl~l~'€l'€ln'lln 
lfl~'€l-:Jn~'luVllYl~l 

(w) 

nl~-:J1Yl~1~'VI~Vl 
(w) 

'lh~~'Vl5m'\"j 

(%) 

20 1 2.97 2.2 74.07 

40 1.38 6.39 5.13 80.28 

60 1.62 8.29 6.82 82.27 

80 1.77 11.28 9.6 93.39 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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(7) 	 nT~'Vl W\aeJ ..:j'VIlth:::~'Vl5fl1Y-1"lJeJ..:j';i:::'Uu 

nI':l~eJ1Vl6W1'1J'UlIYI 10 w fllllJ?I'l'1Jth'lfl~'tAul\J~'V'h nI':lYlIYl61eJ 'lP.l8,yi 1CJ ih 
~ 	 ~ 

~61nl ':lYl IYl61eJ'lVllU':l:::~Yl5nl~'1JeJ'l ':l::: DD 

':l:::tJ:::nI';i 
d d 

~fl61eJ'tJYl"!JeJ'l 

vl'tJ61tltJ (em) 

bl611vftotll'tJnI':l 
d "" , 

~fl61tl'tJYl'1J tl'l Yl'tJ 
" 

, 
61tltJ~'tJ61'l (5) 

nl~'lYll'ln61 (w) 
nl~'l1yJyhm 'lt161C;) 

(w) 

U';i:::~Yl6m~ 

(%) 

20 1 29.43 2.2 7.46 

40 1.38 42.65 5.13 12.03 

60 1.62 54.5 6.82 1251 

80 1.77 66.58 9.6 14.42 

';iU~ 4.22 
"\J 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 
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-;Ulfl fll';iVlVl(;1 tl'l'Wu'".h fll'JVlVl(;1 tl'l bfl~tl'lnl bUVlhj,yh1'UVi'tl'l'\J5u~ fll ';i VlVl(;1tl'ltJ fl~'U 

(;1tltJ~mllJ?I'I 10 Q'I 40 em linmhvl'u 1ib1(;11 1 1'U1V11'U'lJru~hHJh'l(;1Vl bb';i'lvl''Ul~,yh1'U'U ru~'Vi 'U 
~ , 

~'Ubb(;1~1ib1m1 'Ufll';i bfl~tl'U~ b~1~'U n-;U~~'1[:..1(;11Vi' nl~'11~VlllJlflv11tJ b'llWl'U 

-;Ulfl[:..l(;1fll';i'VlVl(;1tl'l fl1llJ?I'I'lJtl'lfl~'U1'Ul'U ~'Vhfll';i'VlVlfltl'ltl8~ 10 Q'I 40 em 
~ ~ 

Iillmhvl'u 'Uru~hjffiVlflVllv1bb~'1vl''Ul~Vll?1'1?1Vl 28 V 'lJru~mVlflVllv1nl~'11~Vll?1'1?1Vl 9.6 W fll~ 
\J , \J q 

'VlVl(;1tl'l-;u~lv1 b b';i'lvl''U 13 V bb(;1:-;fll';ibb?l 0.5 A yh1Vi' 'lJVl'lJl1-;Ub~lJ 'lJl1-;U'\J';i:-;-;U nlfl~'UiimllJ~m~tl'l, , 

-;u~'Vh1Vi''1Jl'f-;Uboiil bbUlilbliltl~ b~lJi11tJ1'Ub1m 14 'lJlJ.v11tJm:-;bb?l 0.5 A b'W~1:-;bbU(;)b(;)tl~mm'Urn1 

'VlVlfltl'l '1Jl1-;utb:-;-;u~ 7.2 Ah b~lJi11tJ1'U 1 'lJlJ., 
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d 
'U'VI'VI 5 

!;l'au~{;l n1'a~<5'I:JU{;l~.u€l b!;l'U€I U'U~• 

5.1 mu. 
\llfl ~~ rn'jl ~tJ rn 'j~ ~ \911 vlvh ~l tJ'W ~.:J.:Jl\J I'I~\JYI~ bfl ~~ ~.:J'U1 bl ru'lll tJ~.:J1\J~eJ.:JYI ~~eJ.:J 

bb'U'U1:!JffiVl~~0\J1~'Yhrn'jYl~~eJ.:J~'j~tJ::;rn'jbl'l~eJ\J~'lJeJwi\J~eJtJ~.:Jbbvi 10 em ~.:J 40 em (eJl.:JB.:J, 

oileJ:IJ~ml:IJ~.:JI'I~\J mmlYlflfi'1l ~\pd) l~ tJm~\ll fl fll'jYlV'l ~eJ.:J bb~~.:J1~b~\Jll b~ eJvl\J~eJ ml'l~eJ\J~~\J 
\.I 'U " " 

~\Jfl eJ tJ bl'l~ eJ\J~~\J~.:J1\J~ml~ b~tJln\Jfil bb 'j.:Jtil\J1 vl-Wl\l~:IJlflflll~ml~f1l'jbl'l~tl\Jvi~ml~1~ 
~ml::;wct.:J ~.:J fll'jbl'l~tl\J~~\Jbbfl~fl.:JJmu\JMIl1~rn'j bl'l~tl\Jvibb 'U'U vitl b~tl.:Jfil bb 'j.:Jtil\J1vl-Wl~.:J1~ 

:lJl fl flll rn 'j bl'l~ tl\J~ ~ml~1~ ~ml ::;wct.:J bbfl ~ YI fl 'l 'j~ tJ ~ fll'j bl'l ~ tl\J~'lJ tl.:Jvl\J fl tl tJ Vll flvl\J fl tl tJ:!J , " 

\ll fl fll 'jl ~tJ-d1~Uv1l fll 'jYl tlfl tl.:J~'lll tJ ~.:JYI ~ bfl \l1.:J ~.:J \91l :lJYI'l~51'U~tl.:J YI~ fl tl.:J 0'U 

~l:lJl'j(11m~\l1.:J1\Jrn'jYl~ fltl.:J~YI~ bfl\l1.:J bb 'U'Ul:!JffiVlfl~ 1'UMlll~ fll 'jbl'l ~ tl\J~~\J bbfl~ fll 'jbYl~m..lvi 

fl.:J'lJ eJ.:Jvl\JfleJtJ \l~:!Jfil bb'j .:Jtil\J1vl-wlmml\~ tJ.:J n\Jn'U fll 'jYl~ fltl.:J1\J~eJ.:JYI~ ~eJ.:J bb~~ b~eJ:!Jrn'j bl'l~eJ\J~, 

~.:.i I ci I ~ 
bl'lfl tl\JVlbb'U'U\91eJ b\Jtl.:J'lJeJ.:JYI\Jfl tl tJ\?Il:IJml:IJ~.:J'lJtl.:Jflfl\JYI~ bfl 

, '\J 

1 \J rn'jYl~ fltl.:J bb 'U'UmVlfl~1\JYI::; bfl \l1.:J 0'U fil bb'j.:J til\J1 \J Mil1 ~ rn 'j bfl~ eJ'U~~'U bbfl ~1 \J 

~ml~ fll'jbfl~tl'U~fl.:J'lJeJ.:Jvl'UfltltJ\l~:!Jfil1m\b~m n'U1:!J bb\?lflvil.:Jn\J:lJl fl bbvi\l~ bb\P1 flvil.:Jn'U~ml~ fll 'j, 

bfl~tl\J~~\J-fl.:J1\J~ml~ b~mn\J\l~:!Jfil bb 'j.:Jtil'U1vl-w l~:lJl flflll bbfl~ nl~.:J1vl-Wl~~.:J fill b~tl.:J:lJl \ll fl 
'\J 

fll'j bfl ~ tl \J~ bb'U 'U vi m ~ tl.:J ~.:J:!J 'j~ tJ ~ rn 'j bfl ~ tl \J~~:IJl fl~Wl \l ~v1l1~ bb 'j.:J til\J 1 'Y~ -w l ~.:J:IJl fl~\J bb~ ~ 
'\J 

boillbb'U\?Ib\?ltlt~tJfll'jvitl~l'U ehargcontroller ('I!~'lll1\l) '1l~'lll1\l\l~b~:lJv1lfll'j'lll1\l'\J'j~~1vl-Wl boill 

bb'U\P1b\P1tl:rtm~m:;~fl~\JYI~bfl~.:J'\J'j~:lJlru 40 em ~.:Jvl'U6'ltltJ\l~:!J'j~tJ~rn'jbfl~tl\J~ 35 Q.:J 40 em 
'\J , 
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5.2 ~e:ml\Jmb'U~ 

~1 nn11~m~1 n11tJ~VllvlYl1~1 nA~'U'Vl~ brl\f!~ ~;jU1bd OJ 'Ill CJ~~'Vh1VI'Vl11U (i,l'Utl]Vl1 

v11.:J 'l ~~el.:Jtlfutl1,;j bb(;1~~\ill'U11VlbA~el.:JtJ~ VlYH~'.:J,;j1'U1vlYl1:l1tl1~~'Vl5 [I1'VUl1 n~'U ell'vib 'Ii'UAd1 

elel nuUU'll~ nrll mbrl~ bA~el,;jn1 biJ~1vlYl11VIb VI:IJ1~?l1Jf')U'Vl~ b(;1tl1~ b'Vl1"l1 'VlCJ bbrl~'1J'U1~'1Jel,;j bA~el,;jtJ ~ VI 

1vlYl1 Ad 1~el.:JrhU.:J(i.:J n11'1J'Uthmbrl~ bA ~el'U~?I~mn bdel bn~rl~m?l~VI~mJ1~'U-J1rl.:J 1d~vr.:J nl1, 

~\ill 'U 11 ~ U U tJ ~ VI n 1 ~ bb?ll vl Yl11 VI:l1 '1J 'U 1 (i1 b~ n bb (;1 ~ b~ ~ -oJ 1 'U d 'U b A ~ el.:J ~ ~ 'lid CJ \, ~ ~ 'W n(i1 n 11 tJ ~ VI 

m~ bb?ll vlYl11Vi'1idCJ~lm.;r11~U'Ul~:IJ1n~'U 
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