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ABSTRACT

The linear movement type water wave energy to three phase electricity convertor is
enabling conversion of ocean wave energy to electrical energy by moving of permanent magnets
across the induction coils in linear direction according to Faraday’s law of electromotive force
induction method. The induction coils are attached to generator base support, resulting in up and
down motion of the magnetic set or Electromagnetic gearbox passing across induction coils by
mechanical energy from buoy floater transferring. The floater is moving upward and downward
depending on amplitude of ocean wave. Thus this system has no cost of fuel energy product.
Initially, energy product is in the form of multi-phases alternating current which is stored in
batteries by direct current charging circuit. In this thesis is developing the first prototype of linear
movement type mechanical wave water energy to three phase electricity convertor to more
efficiency. By using Toroid shape magnet which is utilizing the usage from inside and outside of
magnet. The Iron pole is designed and setup to concentrate the magnetic field line for outside
induction coils. And by designing to electromagnetic gearbox, electrical motor has been applied
to simulate moving motion of buoy in order to test its efficiency since this thesis have not yet
installed in the ocean. After testing in laboratory, the generators power output per area produces

293.12 W/m’.
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2.2.3 Pelamis
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2.2.4 Salter Duck
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31 2.12 Tassadreveaginsal Wave dragon
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2.2.7 Mighty Whale

wannulugiu el a.a.1087 Wandesn1¥fums hondsau dduhdudoala
uagmaituszuReIMALSauAnzia Aunuufivinae somn3e 30 man 12 m
fdadt 110 kw Mamuihan nareuluiidn 40 m dunulszneudasszuy Oscillating water
column Taeldd0s01met 3 Feadmiundvumdsnunau hlifundaudafunainnnnisty
awenhmuluveninlfeimainamud liiduiu fatuduniosduiialvih 3 & 18

AszuAany 3 e 1sIANVI90nN 200 V

31 2.14 1yu$10097135%197 99 Mighty Whalelunzia ™



dnfnnomyanan nazsoundimanasy i

51/ 2.15 nmgunsaiduILD Mighty Whale ™
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H v
31 2.16 s 1avan13AAAT Power Buoy

2.2.9 Aqua buoy
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2.2.10 McCabe Wave Pump

- = B e
Wuginsaidszneuludre Weman 3 Funedemindu Fanevneduuuidnay

a A A A o = o = = nl: ' Ay Yo
ansany lduudeaduiadunnsgny Tasuuiueziiiluleasedn Aadseg usei 1d5uen

A - % ] o o . [-] =) N 4 o -
aauilulaasedanvzdd ldudunsasduia Wi eenuuuldansamaoutie 1@y 1Unan

b4 v
T luduiaieg
McCabe Wave Pump
P ower Take-off & Damping System Equipment Cahin
Hinge
Hydraulic Pump / g
Aft Pontoon
Bow Pontoon N Z / )
_,_,—o—'—"'_'_'_'_'_'-'~ | —
- 7,
— |
Central Pontoon / &__teel Tubes
L Damper Plate

(11}

31N 218 uarmsn s WwaziBuAd )52 NBUYDY McCabe Wave Pump

i 3
3141 2.19 uarasnmMsAnn 1911959989 McCabe Wave Pump "



20
2.3 eantlsznevveunseamamasnunaninnawtiniundsnyhuuumaeuniuuinss

y i o A .v‘ o Q’l
Weiindegunsainasauammdsnunannainimzauniuwdanu Ifiniuguds
o ¥ ) ] v 1y 4 .| 1 aygl aw
o1z ldninuaznioarvezihndr liquamaasugmans udide hivnaniiisenuite
$110™ " Fnrinaved manmsmeqRoafussuuveunioaduiia i umaas i
mminﬂm11J'szqﬂﬂ‘l%'iummﬂmwﬁmunamnﬂauﬁuﬁuwﬁ'mu'lﬂﬁﬂﬂiﬂumq Faoffy
ar 1 ° A ¥ ' -] - | 4
nanmsmignihusundou Ilihneluvealanewasdeauumimannnuitnannis ¥
aw @ 1 3 9 ﬁ a A 9 1 [ ﬂ.ll‘ﬂ P
wauIseatumemanin ldidudsazfounsruumsudamdnuiii Temanszainse
adnlilgauld wazduamanssgmans
» v ¥ * ] "
wiswamasnunasduhdundinu Idfhuoundeundadulaeia e
sznoudae
o 9 e = o dq Yo a o
1. Stator HinvhiiluTnssvesvamamilonihnldiduiandaanu Trih
' Ao a ' 4 12
2. Rotor H39 Piston iiludaufifiusiimana1saneguazinaouiivuaiaiu Bouy
R ¥ > = a A
3. Bouy ¥30%u %301# Rotor indounmuuuansulaoum/aseunigavesnau
4. Rope %3609 Bouy 11 Rotor 1114701
5. End stop $11aM5nAouNved Rotor iialinauvina lnajmdsuidunuazyivanus
NIZUNNVDY Piston
L q { 1 Is) 3
6. Spring 0 1¥ Piston Lﬂﬁauﬁm’hqizUzﬁuqﬁmna"lﬁ'@wu

]

d'l é ] o A =
7. Support 1UIUVBUATDIFIH LA NAS aa“lwa;gumwuwm"lﬁ'

)

- 4' = 3/ L - ] A -JJ - a A =
doliaauAumadwnjufsndeuivuasmumsnldsunlaueunaavonau 43
< q 9 4 4 ' - : @ 4 o '

Rope 92A414 Piston ind0UNAMY mmuiaimanen Piston lidarknvaaaiiiuegion
o - 4 J i - |
Stator M I¥iAausundow Indh EMF yuiitdaivvesvaalrauazingzua i lnanu

4 " -y ‘3 o : 4 ) o
usamaou IWihnnady dniuusundeudsausondanasau 1w 14

o

¥ v ¥
dwmSumalamdnunnadmimzauiilundinu ihdeszuuna lnveunses

¥ ] " E
dutiandsau fhuuundeunFadu Tasiignguilsz@aegiujuassdinidon aau Stator

- g T 4 Y 4
uuﬂsagmuuanﬁ'i):u5auqnquTﬂuﬁﬁgﬂﬂﬂmﬂwuﬂquuUﬂnmﬁiia‘uq Stator ¥INITIAADUN

o o dao

UM BAUTEN 14 Stator U Piston 33 Idifamam v ninszuanieluvaaiai Stator Azl

#2.20""



21

End stop -._._H_l

Stator

Support

311 2.20 dnvazmemenmveanIoasuiandsa Idfhuuuunessidunzia

24 nqn}jm-smﬁmm Electromotive force 1HYA22AY83 Michael Faraday

1
& A

Michael ~ Faraday 1ana12' 1431 illefiauiuussusimaniniianuduvesauiun
a s o (] Y o - o o Y a Aﬁl
Wasunasnumal aariunidavesvaalaviedil sei ldifnausundou ' lddn
: 4 o qw 3 A4 4 a - A4 o
Electromotive force (EMF) #9911 electron °1mﬁ'umﬂmaauwmunﬁmwmﬂgum11 ST
T o n’: d ~a : 4 ::
Tnaauidedidulavanansaesfvznanszua Iifluaees Tasfiusundou liifian

' o U - o o d - = o o y
ﬂiﬂllllﬁ'lU!lENm"'u'ﬂ'Jﬂﬂﬂﬂﬂ'l?ilziJﬂ’NiJﬁllwuﬁ‘nNﬁiJﬂ'ﬁﬁﬂﬂmﬂf"nﬁﬂiﬂdﬁ [1]

d¢
v, =-N2£ I
emf dt ( )

oV, Aousundoulwid Electromotive force (EMF)
3
N AT 14IUIDUVBIUARIANT DDIVILHLIBAIIUDITIUIUTIVDS
[ g o
wimann 14
A o o ' d Ao 1 9 o
¢ AoV dnFUIVANNARHIUNTIIAAYDIVAAIA

=) v = - w =1
B ﬂaizuznmsxwmmﬂnmﬂnuuuﬂmﬂaﬂmmman



22

51 2.21 mwilsingmsaimsmiisninszuannmnusimanidarmunidavesuania

¥ b
A N luaunisi 1 enszdlusivesiniuseuvesvanlaguiusiuINT 09
] o -} U U & = 4 o & 1 ; J "o ﬂ Y 1
wimanuiem lanmiavesnna i 18 e luduiivzivegiumseenuuuiilundn dau

[ v v
wsesmnsaniuuaas ldituihiirmevesnszua i lnaluduasaiifieneassdwdung

oy ndiasnihimimauvesusunaou ¥, deszwum
¢ = [B-dd= [BdAcos6 = Bcos® [dA = BAcos® @)

¥ w d 1 =1 M o [ =1 ] dy = 3 o
Wuswdndisiman vietwauduusunimandofufinihdalan

Ll 1 A = i\ o oy -
dlumanuduvesmnuimandsdiauiiy ,u(H +M )

" 1 = s =Y . = 0 " a
Wumnunnidavesusnuisiaulvsfinsanmauiuudman

Wumauunmeuenuvashsiagusivan

T oA s

Hummnunelunastuiiaauiuiman

dunrsenlianuuimandiin1dluiaglaq

' (4 3 ] o = 3 r.'f — Y w
yu o ui‘luquszﬂ:nmnmaimmwwammmmman B nunnansvoanuntig
¥ ] ]
A dnavesiiunvinda 4 voavaada uazyy @ UAAIN

o &
AU

dB.Acos@
V =—-N———w 3
. ” (3)

em,

nnanzsslumssaounsesduiia Iinzimuald 4uaz 0 Janaiez1dn



23

Vs =—NAcos 9‘;—? )

g o o Y 1 ' e ] 3 v o o 9
lumseonuuiniseznoemieny iy 0 Iawiiy o #eez ldanuduiuiganie

dmiy ¥, i

—Metﬁ (%
dt

as' ' o 4’, dl o L=
DINAUNITN (5) WNUNNUIUIDUVDIVAAIA N LagWunNvu 'lﬂﬂ‘\lﬂ\l‘llﬂﬂ'}ﬂ A 1113J

dB 4
aslasulas udmeuiaiinari I¥iAa Vo ARBmoNYDY — mmmw‘mmunmanwmﬂ

o [ 4 [ =1 ar ] = o L) 4 o
fagihldnamauuimandadiusaalatiosasinam ieasimadoulasvesndnd

d¢

unman; AR sadsnnuiweslumsinteuiivonjudae

2.5 aUMITINNAMAAIVBY James Clerk Maxwell N1¥1umseSusav 1 mBiinan

Ishadavulwaseanuiialihuuinss

' o i - J 4 o = 4 = '3
auuiman I ndeavu luwasosduida I s sl 2 nuufens N IE vy
© ' 1 o { IJ [ = o '
Stationary (MIAMUIUMAUINULMANT THYUADIAY) UAZHIVY Trans regime (MIAIUINA

] o c:; ar = " o< o a J .a’ 3 =
TUINLWHANNVUNDLIAT) m@ﬂu-lulll“"ﬁﬂqﬂﬁ1ﬂlﬂﬂmuuﬂz1$ﬁuﬂ15 Maxwell 1““1535”15

VxH=j, V-B=0 (6)

. & L4 3 .
Wuaumiveania Static F1143n5121M3 810090V Stationary
4 e & ' &l

Taoh  VxH = j, 11910 Ampere’slaw Faiinnumuenmsindouiivest)szy i
A
33 amwmuuu‘uaqﬂmﬂaaummmﬁ,.,vmﬂnJfmﬂmnmﬂﬂﬁmmmmanm'lﬂ‘lumm
1o ; Jr A9 AMUWUILUUYDINTZIE (conduction current density)

ung V-B =0 11910 Gauss’s law for magnetic field "lNﬁﬂ’J'l!JHlﬂU')lmﬁi'J‘lJl.ﬁ”‘l-!LL‘N

(] o a &’ = 1o A A Y] < 4 9 3 [ 4 4

lln&ﬁﬂﬂ’qﬂ'ﬁﬂ1ﬂ1u‘ﬂui}ﬂ1ﬂ"] WUAUNIND 0 'ﬂ‘5E!f.lﬂHU'H‘IJQﬂ1ﬂ159ﬂﬁ111ﬂ11!ﬁ“l15Qllﬂkﬂﬂﬂ‘ﬂ

() dy = 1w v g qy = u’:
Waudmuialaqszmmuduus animanfinseonniniuiiaiy



24

2 B " 04 ov
VxE=~a—B : E =——n--— (7)
ot ot o=
A - - do o -
1o A ADINADIANYUDITHIULLULHAN
-~ o
Lo z ﬂﬂk]ﬂlﬂﬂi1ﬂl!ﬂ?!tﬂu Z

¢ & g ya o ° .
Wuaumsvesmanamans ¥9143n512MN38120901Y Trans regime
" . = J ] A ) .
Taoh Vsz—Z_B 111910 Faraday’s law of induction H3iANUnIwNMIIa0Y
t

' At w - e - |
wlasanunuunivvesauin Iihinatuludinarslag wlinauvninmsniauuutman
- 9 ' & o o n’:
nasulannudvanuimaniunaimdinaiaiv
= - P4 oy 4 :
way E, ==~ =~ W91 Gauss’s law gainnunue o Wi ooy
t iz

laqeziiawmidunaavvesdnsimslasuulasvesnnaesindiaiman (Magnetic potential)

- [ [ = a o = o 3 -
maunueIn uazﬂmﬁmsuJatmanmﬁﬂu'umam:J"l?\lﬂwnmm'uszuzmﬂuuumﬂuuu Gz )

>-T)
]
<
|
X
t)

(8)
o do o w d"
LHAZAEMUUANININDIANEAIU

A Vu-vA dA

—= + — )
2 OHoH, &

Vi A-ouu,

I = ¥ ¥ IJ -
nizua I ARA9INN13 Magnetization 1 unszuaiimsnlasuutasnvusunaiuuy
' a o o o w b % 4 'J o
Tifhudadu mlduuuiinesdmsuiees i Stator circuit) Imsnasunilasiduiuna

uun T adususuy

2.6 fmiﬁ‘mamﬂmmlaauﬂmﬁnm’n

& o 1 d dagye v d o w T ~
wesnniaguimanildinilumimdnansiuiiuiaquuimanyiia Ferromagnetic
o v < - - ] o ~
luernouvesTaquitanyiia Ferromagnetic vz1)sznou’lideTumudatiuudivdn (Spin
= d‘ @ - o = 1 o ar al I:!I o 4' o
magnetic moment) NM33A309d7 1 TufiemiedreqAudegili 2.22 uadie Id5umamiioninn

1 -] ¥ 1 d o 1 : o 1 o -
AUMUIMANNWUeN (Magnetized) Tumudatlumimandinaneluile Yaquuimanyiia



25

= =] @

n’: -] = @ W A o - o |
Ferromagnetic 1iun9giinmidaioad T lufismavadudsgiii 2.23 msvaGoadiiluszidoy

[ '

; [ 29 9 o ] [~ - 1q Vo o a
Hazdansaninegae ludsihauinuimansinnisuenilaldnuiaquimanyiia

2 d ' ¢ - Y | = R
Ferromagnetic E)aﬂ"lﬂuﬁ"mmu Hﬂﬁfﬂ‘wIﬂlnuﬂﬁﬂuLLUlﬂﬂﬂﬂlﬂu531‘1]8'1_Iﬂ~3ﬂﬁ’l’lﬂﬂ"lll'liﬂ

malddemsi lezaeuneluiagdndndusdisgunss sunisimimionsyuaedis

quusa"”

y as o o - | o [ R | = 1
31 2.22 madaiGesdaves TuwuaathusimanluSaquimanyiia Ferromagnetic Aouns

Magnetization

R

R S
AR
W

" @ - o o ' o ' a o
U1 2.23 msdasesdves TumuaaThunimanluiaquimanyiia Ferromagnetic Haan1s

Magnetization



26

a ' o ' g o 1 -] : g T <
ﬂﬂﬂll§3l£ULﬁﬂﬂﬂ1'J‘iltﬂﬂz‘]ﬂ!‘ﬂNﬁﬂ?“ﬂ?'ml‘ﬂllulllﬁﬁﬂ‘ilzﬁ‘!nalu AUV ANDIATIDN 2

@ v L
g o

H = LIE - | 1 > o o o {
17 fievanie N uazdald s Taoiduusamimansgaoenaindaumile ludainldasgii 2.24

510 2.24 snuimanseutaimane1is

o o

4 o ' ad ] [
TaniANUFURUTNITAANOUANUITUYDIT U INUUIHANA NI LOSHIITEH I

HHAIN AN LA UINIIINT IAAIa U3 N(10)

B= "‘f" (10)
r
Tavii B Aomanuduvesamuimaniisumislag
p Aemanusoniauumimandi1dluiaglag
B, fomanuduvessuuiminiinavewmdasuiia
r foszozviessnhaumasdudiadudumsiivanisa

2.7 nanmsved Wvhnszuaaduuuy 3 wla

[ L

d‘l ﬂ' o = o c!'. ﬂ. - o ar o - o
iWeannmiesiuiandsnu I wndeunFududmsvulamwmdsnunnaauiiidly
o J y o = o o -y < A =
MitanauuIvuienaanan s s uilamde Wil 3 auuusaTasvdadnszua lifsia
; = ey o g:y
Hozilnuauianil
" v " ¥
Ifhnszuaaduiiundson ihiinsulfounlaueuddgavoausundon Infwis

MaUIN tazneaumuaiioisuiudnd IWihdredeiidmua dagili 2.25 ™



ol

Average

voltage

Time —

Voltage
o

3N 225 usandeu Iihnszuaady

usundow IdMinszuaady 3 a Wuusundou A fvrvinuvasduiia 3

T 1 o = e a a U o 1 )
unaanua ¥ans 3 unasdutaiisamazmsn/asunlawentdgai liassiuaradiai) Tas
a{ ] 9/ = [ 1 1 o Y o L] d'
Msvzimsonednnumarannudazurassuiia Iidrensinawvesvaalaunazva

o - ' 1 ar é o - s = o e;
Tiuiia lfhundesuiu Fazi ldifadnd Iid118mTonsnduences dsgilii 2.26

U2 1y L1
L2

(3 T I 5
"”‘L”‘ 3*:513 i

||
i N

31 2.26 29vsus undow Iihnszuaaduuuy 3 wa

Tavnaudusuadou IWinszuaady 3 mafaumasednnudanasuluudas

waag 120 0am uazuenagageqaveasuniou luudazimaseiiawiiu dsgUi 2.27



28

31 2.27 nsmlusandeu Idhnszuaaduuy 3 mle Aunm

msfuiandsnu ihnssuaaduuuudalasda Wusuiiandsaunnuraetuiia

a ] é 1 1 = o ' -HIH 1 @
Ifhnszuaadunarounasudazunasse fimansaiulundazgantiaifoaiu

da

2.8 159098MAZHANNITVDID1ANAT (Archimedes’s Principle)

1 4' @ ar d' oy cﬂld = =
'lum'saammmquaamwasnwmamﬂamﬂﬂaummmﬂnﬂmﬂaﬂuuﬂmuﬁuﬂa’gﬂ
o a [l s o o 1 [~ 4 Qs 4 °y
ﬂﬁaﬂnﬁ’]ﬁ’]‘l’iiﬂﬂ'l'iﬁ\‘l’ﬂﬁw‘N'I‘Hﬂﬁ&lﬁ’ﬂ‘u‘ljﬂlﬁﬂilliJLWf’Iﬂ‘Uﬂﬂl.ﬂ?ENllﬂﬁﬂ‘lﬁlﬁﬂﬂ'luﬂﬁ‘i]'lﬂﬂﬁuu']

o Ay 3 o = = o a A = d
Li‘luwmam'lﬂﬁw 1'LIL‘]_Iﬂﬁﬂuﬁ]&"n'lﬂ’l’iWi]'l'iilﬂﬂuiﬂﬁﬂﬁlﬂ‘ll‘ﬂuﬂﬁﬂ BN INUVUIAVDIEANEYT

o a dao '

v =] ot { o 3 o o
LU anaz NWN‘BﬂU‘UN'IﬂiIBQ‘VJUﬁE]EJTﬂUﬂSQ 'i'JllﬁQLL‘Nﬂ‘iS‘I’HﬂN“’]ﬁlﬂﬂ‘lll.lﬂlli:ﬁ‘ﬂﬂﬂ%zﬁﬂi
a

MM AATIZH NIV INT AR AT USUA LS A FIUANUEDEsAINVRINTaosd 9 Y

i 9/ as [ o A&

1 = ' v A da ' Q’ T oer
mumﬁﬂwmﬂu;ﬂimramumﬂnwammimwmammﬂﬂaummuﬂu

139008A7 Aousanginves nanseinudag luiamesfiassd i uus s Tiluaadiedag

]
ar = L]

3/ o . = n’a’ - ¥ L |
gﬂ‘liﬂﬂvlﬁﬁﬁﬂﬂiﬂﬂ Hann1Ived ArchlmedesU]11ﬂﬂﬂﬂu9gﬁluﬂlﬂﬂ‘lﬁﬁﬂﬂﬁﬁﬂ HIDLULLAINYY

q

4
VNI Ui angannANuEuYeves naumgadagen Iisuiu Tasus awgadanaiinedl

A w Ha s 1 ar % o 121 & o P —
‘Uumwnﬂ‘uu111uﬂﬁum‘uﬂﬂul‘Hﬁ'm.l1J53J1¢ISL1'I1ﬂ‘lJﬁ’Ju‘IfI’JGIQ’i)ME]g m'aﬁuﬂﬂ]lﬂﬁnﬂzﬂﬂ 2.28



29

center

" o 1 i o o @ 4
31N 2.28 nmnnmesus s Anseiinuiagianluveslva

o o o o ‘: : 3y

nanmsnddgynae it iaguaazsuszihiminnieanunuuniumiila d11511a3

1 o

voeinghavegluveunallylsuiasminu ussnveslvasenusangsinguziiauniiulae

q

ansaesuioiuaunis 18

@

' ¥ ] , 2
Tunsdindngaunmuauazasvegnaisvos Inaaumsmsinaeunfyaguinaiaiane

v
Wudail

3 F, =0——F,-W,, =0—>F, =W,, (11)

e D F, wasamusalumounuy

F,  usanveslnasenusangainghveg
o 4!‘ = oy o o
W, uwisiiianmiminvesing
= = _. = -
T Fo=m,;g unt Wy =myg (12)

4 =
de  m, Aewdnvosvedlva
Aowravesing

g foAause Iuaa9



Ad o

v ¥ '
dmlunsdiniaguueguieaiuiiy  (HeI9INANUAUNYDY

TN IAAIUVY FUMTHATINUTIA0FIITTU

210

=
o
I T

=

A o o - 7q 9/ o ] 1 ] -4 v
WaUIMaNN13U0d Archimedes H'Il":'"Qﬂﬂ1‘ﬁﬂﬂﬂ'liﬂf]ﬂll.'ﬂ‘]]ﬂﬂ‘lﬂﬂﬂﬂi‘llmlﬂ anIEnuUNM
yiminves Electromagnetic gearbox nunumnumauﬁmammuanmmmuﬂwwmma’m
dil'imﬁ'smmuﬂ'mnnuwag"lum
ﬂ 3 3/ = = 3y o .
‘nmuuumamamm UNAN mugﬂmquuGlmumiﬁnmmamuwﬁmaﬁwaa'hm (Fluid

dynamic) #1011/ iWel¥yjunesnuuuannsadwneandsunuentagavesnduuuiiuusely

z ‘F:'rmud E =F F;op

Fo=p gV

1

AeAnudunives Inansziiuiag

I3

dy ﬂ.' Y o ar
ABWUNTUIAAVDIIAT)

I3

ﬂBﬂ?TﬁﬁU1llijul§QH1ﬁﬂlﬂﬂﬂJﬂﬂ1Hﬁ

I

ADANNYIVDIIAY

-

N300 Electromagnetic gearbox 11ﬂﬁ’1l1ﬂ‘ﬁi'[ﬂ

v A
2.9 anFauzmMamamnvaInau

A e a A w1 o ) eN o a
ADUNUUAINAUNWNARIULIHUDHNIUN nn"lﬂmwmm

¥ [ ]
LnIaNUAZANININIZUIUMS 3 ﬂSt'lJ'Juﬂ'liﬁl.ﬁU’J‘i’}‘iNﬁu 'lﬂ”uﬂ

Aodsmasvesves Inangnunundising

o a 4 A
VDINUNITNANAUAD

(13)

(14)

(15)

(16)

30

Inanszihmauaisvesing

%1ﬂ1'5maﬂ:ﬁqw'lammumwmzﬂuﬂﬂmﬁaﬂumm

oS an o
Unsenu

1 L ] ¥ (4
1. Gudu oxma lnakumileAnihdeanunaeimadudaiiqeniuinh mldianh

a o v ¥ a A d da ' o
ﬁﬁﬁuuﬂgﬂaiﬂlﬂﬂﬂau‘“u1ﬁ!ﬁﬂﬂulﬂﬁﬁ‘]\iﬂu



31

4 = v A a oy J [ Ve :‘ = L
2. @eanuusiiuvesenen Inarueeanaurninnniuih IdAniwfannw n5oa
& oA ol a0 G Ll Yy A A A >
NI Funenauh eIt unduneguaraduENTvIA THg Y
y bk e, o] " i
3. Mege deadulvinaiwemng NuzmaeunuasazaundnuIInauniinaaInAga
= ﬁ‘. o Y A - IJ
vuFInay Mliaauivualvgauy
a 4 w a & o a_ da < P
AUARTUINININNAINULAIDINAG WaIUMINUEIeRdRgrnUazan T T uumiayns
= W [ I A = LI
wilanunuvesnanulszina 100 Inademsuuas uazansadeu ldgudsau
aauluszaumasiunnnd 100 Aladaddemsiauns Wewdanugnsuiuuaznaoiluniy
A A A a9 . ik e | A4 A
aaumelurienduaiogluundeiuiaiGendt adunnusqu (Storm wave) iflundui
- oy da A v @ ' ] & & =
danugudeunnnzianiiadu iainave sdrelsinwnduszammisomaou 'l Taogade
o ~ o 4 ' ~ y ~
wasnufivuaniios uazafradluaduvinalug (Swell wave) Namnsamaeui 118 1nann
v g = A & a 2 -3 Y @ A <
uradfitanauuin Faninfianauezivegiu 3 ede Aendiuisay, szozial uay
o e J | o L T
ANuEINI0 luMssuemasnurIeszezmannvunnas vaudrud ) luwmayns
dnuazaauuaasldlas AnweIAaY (A1) A20ge (H) uagmuial (T) Aaundueuna

PNINLAZINAINUADANUIATANWEIATURINATIAGUYLIA 1Y)
o - o w4
2.9.1 puanyvuzAatazMaIna

a A =) 9 2 o & 1 1 0'
anuazginssvesnaueiuield las aduglaned deszosriszningagegaiaziiga
YDINAUGTHNI ANUFIVOIRAU (H) Hazszuen1esznngayagegavesnauiiogaaiuiioni

ANVEINAU ()

1 A 4 a:v o 4 A A 1 as =
ﬂﬂq@q@53ﬂ'31Qﬂﬁ“ﬁﬂﬂgﬂlﬂﬂﬂﬂﬂﬂ?ﬂﬂ?ﬂlﬁ'J (v) FAIDIMNAAUADIZN N'I"I-J‘lljﬂﬂ‘?ﬂ'ﬂ

fmua 1315031 auna (T) vazanud (v) vesnauszldlunisesuisvosnsduvesii

: ] v ar o to A v o o
i laniianiaena Tavezduna 18 laeliddunaegiui Taslinnuduiusaeaums™

v=— (17)

s

Mdsnaulunited Tadaddewasvesnaulugaunaiiaunlsfusudidsaosvosniy

-

94 H (A7) gaiumunaindu T (Guii) dsauns ™

2 2
P:..‘o_'g;—T (18)
T



o
Taon

Lag

= [ o &1
P imbeodu Saddomns
¥
p AoAnuHULLUYNN

g femIiuaraveslan (9.81 mss)

=

Ui 2.30 Anvaizgoaduuudieg

32



33

Gé = o =%
2.9.2 aaHusnauuIan

> TR vl ] ;
11N NINNIIATINTIVDINNBEIINAY ADINIS IVDINAUNLIAAINLIIFIWITOUEAS
FagudumunaInaufITunIs

v=§_T (19)
T

oA A
N aIn

1 o ] 1 a ‘ y @ - =
1 lumsdszanamnnus luntsmasaeduinnaunanauni i 1.5 3
' o (dy : 4 = o " 4 u
waulvveswadnsiine lunzmidnadumue 1 uauNaS 1 NAAUAINYIIE 1INANUTY

a“

e

WUD
a ¥ A :ﬁ < o [ & o [22]
AN AWITDHIANNLIAAUUIAN ﬁ'lHiUﬂ'l‘Llﬂi’l'll‘lﬁ"l‘lﬁﬂQﬁllﬂ'li

g’
= (20
27 )

A

2.9.3 aauusnanianthunaig

oy t!y e :r ' =.\ J ' : =3 a' ai - = Y : 4'-
Turhau quasiavening Taawuiviuninhidn iWeadudumaniwinaiay
A e 1 1 L4 ' g’ A. 4 o
d = — puauiiaannnezarugu ldedauyssivnnhluidnd = = ije d Aeszduniy
T

4
A : e 4 o = - ﬂvf
an gelunhanunanguauifvesniuez a5 udninalasinnudnd uazaunm T

4 a o &
2.9.4 AaUUINIUUIAY

4 & 9
fAauUnNIvIU

v y -!I’I = ~ " e d a
Tndxoils NunziaSuaziinansznuaoons uS waz @IS oLaAINaN
= J o’ P 1 A { 4 o
wavu 1 dnilianuandesnimitaluduesnnuenadu awisermanus ldauauns™

1)

d'l c; o ¢ 0 &
2.10 aumIMmisinasunvaIYalngIuuvian

aumsmsindounvesyafsiisimantuaumsiswlunmsmuswnvenjuaes £,
iwor v lumsesnuuuyuasy



34

3UM 231 uwunmussaen NszuunszhinuRady

4 ] ) o 4 = & . -
ﬂ’lﬂﬂgﬂ’]s&ﬂaﬂu;‘i‘“ﬂﬂ Newton ﬂllﬂ"liﬂ‘lﬁ'j‘l.lﬂ']'ﬂﬂﬁﬂuﬂMﬂQ‘]jﬂlﬁﬂillulﬁaﬂﬂxlﬂu

!

I

= ,m+ﬁ;m+F -

spring stop

dZ
dt

=i

m § Fg (22)

(%]

foIT 100UV

1 =] { o 1 u’: - S
foussAsgavinuimanansinsziredumanseuvesaanos

Aousamlsa

|

o 1 4 e -
Aousanngunsalyienygamsnaeuilenauiiianuguiuszozms
4 4 4 dy
AU UNU

»
Ao M1iNYD4 Piston

- e = 1 - = o 1 a )
mmmﬂmimaaummnuﬂ:umﬂﬂauuuﬂmnummmmmnﬂﬁgmmﬂauﬂmm

4 4 ol i o 1 Ll o 4
Fuilenorsansndounilasdenanudrngwuhiidnyauiiu Simple harmonic NTANN15V04

o - o d [ A’
ﬂ‘ummmi‘luqunwmmmu



39

X(1) = X, sin(at + ¢) (23)

- - & o ] " oA
149 x(1) ﬂamtmuwamummﬂm
. A a0 A A A w
Xpw  ABIZOzggARundoun lAleifisuiugaauga
o w ol
o  feanudiFiyuvosnduitinlasamisom ldvinauvesniu T &9
= o o o 1 27{
fanuduiusiduaumsh o = . 2
¢ AoaisuAuveanaufN
& 2 1 - [ - o '\ Ao o do o A
e ¥, uaz ¢ Wumashzmsarmandsunlasmnuiwenjuiduiussuniun
E 4
Whun'lddsil
dE(t) L d- 3
210 (18) ) = X —SIN(@f + @p) = X, cos(wt + @) (24)
dt dt
d*x(t ey -
() = —cos(ot + @) = —w’X,,_ sin(ot + @) (25)

o

wx
dr? X dt

¥
CY

. " 0 'y
FAaUANNIINISIAAOUNUDY Piston 150111 (25) unuaslu (22) vxidludsil

2= : 3 - = o -
~MO X, S+ )= F,, + I +F L F (26)
a " .-, - - = = =
wia —m 7 K 00N + @)= Py + F + F B P & F (27)

oy

- v o o 1 q’;‘ { a J o @
1139 (27) L‘i‘]uﬂ'ﬂilﬂuwuﬁiSTT'J'NHWJ")UHSWNHUﬂﬁkﬂﬂﬂluﬂ‘ﬂi%ﬂﬂﬂﬂﬂ'lﬁnﬁ'l

4 { ' . e - a
mIndsuvesuuazszezMsndouNgIgavesu dalumseonuuuuazaiieszuuei e 14

o 1 ' 4 o o cy o 1 1 $ A 4
ﬁ'ijﬂ'l'iﬂ\iﬂﬂ'l'JﬂfJﬂLﬂJ'lJ‘U'H'IFHI‘EJ\W]'H&ﬁﬂiﬁﬂﬂu'lﬁi\!ﬂ'ﬂ‘EN'VJHtliﬂﬂ'lﬂ‘]ﬁﬁ']uﬂ']ﬂﬂﬁﬂuﬁ‘llﬂﬂ

T2UVTIWTI0ONIUY End stop tazalTaldlianuudamme aufumsindouigagavesy



36

d'

2.11 MINATIZHINHANDOU

' ' ¥ " ¥ ¥
wioandammdanunaaduiudundsou ihuuuedouidaduTaona laziu
o g U = 1 1 =1 il & o
yaadad lddudumanseuiiisininuduanuauiuuaiinanPermeability) gadave w11
v g v g s a o - o ' A
auumimannuimann1sinam e lsrwdunvaaramiionirldauinniluenianse
£ - v d a o o
gy inia ¥alumsesnuuuszniuimsesnuuy I auuuimaniinamaunswiuivaaia
4 o — ) o “ [ [
wilgninnniiga Taona llameesveunioaunlamasnunaiiundsan Iihuoulageziy
nianszuen ieanniluginsaFusvindiauuuiaigalumsaansgaydoveansialnaves
- o v I o = 3 P o ~
mnuimanimames ualunstlvesmamesinsuvdsumanumivniudiilarsvaaiane
-l § - 4 . o @ ' 1 4 4
eduiesnnyuurnauiiyuvesmames Femanumienihdinanziiaanaulomamos

ﬂ. - o - & L)
1]'ENlﬂiBﬂﬁﬁﬂﬁﬂlzlﬂulﬂl“ﬂuﬁ‘iﬂﬂﬁﬂﬂ'ﬂtﬂﬂ

Stato

., Rotor

Sprin AW W,
Zrxy

314 2.32 nFestuila Il ifimame s 2

A = @ a  w s A = & mo

WenlSvuivudnyuzvesiaduuazaames Milumaouaaismaudminn (maw

maow) nunsestuidalwihndmmnedifios 2 1w (31 2.32) Funiesduiia Ifid

' - e = et = 9 a o g/ ' e - d

nysnszuonudmuinasestuiialiiiiins snaveziilnssadrandudouni Gawannund
2

ﬂaﬂunwmmswaﬂﬂamimwﬂwu mawilv”lﬂmmqmmﬂ"lﬂﬁmgﬂman’h“lﬂﬁ'mqmvuan
P

wnfiqa eaanaiduaen s fifaiufuniestuilauuumsanaoniy mrsenuvuszuueiedt

fivnalngeenunlimamesiidnuazdunswamaos ™ ﬁagﬂw 2.33-2.36



37

e e

i - >

INNEEREER .

/\‘ Moving PM
piston

, o o o -
3UM 233 uwunmmsTuaIANAUMANEI NI Y 8 IMAUNILY Surface mount

Cross section of conductors
; fator steel
steel piate .

maognet

W

L.

4 - - s e
31]‘?] 2.34 uwumwwﬁ‘n1»1'umfmmuumanmﬂumﬂmmma 8 tMaguLlyy Surface mount

Stator coil
winding

. o o 4 =
i 235 uwunmmsiuaadhfumamesnse 8 Auuuu Burry



38

cross section of conductors , stator steel
aluminium plate
&
magnet .
P &
nd
wnrtu- E : ‘. 3

317 236 ununmiamevesauimanmolumamo NI 8 IAUNLDY Burry

' =4 | ° v ' 1 ad [
urumanildiudulnssvesmameimnnmandouGoni unudianlns™ Jdnume
' d =& - o wa Y @ T e |
Wuniumandeuinsg Fuadevarsiiiguauaduaunanndousunmequiuivoanans
ianszud Eddy Ninanmsmtioniuazdiivaannududuanuimanlurudidn s
msaanszud Eddy AmvesrudianTasvesmamesiiuiletodagylunmstleatunmisiilua
@ & - - Ay [ " 1 9 A 0o =a 1 ¥
yoaangutiman luusnunresnemaszniuaazsuveuniosduiia Inlih ¥eeieves
g & Y 79 v ' Yidad octy « ad
aImAvIaaniuansoud 14 lasnmsadumanes Ilyuseninauaaz dmuveunudian
Aa  w 4 A = & & o oA @ L ' w '
TasnAanunIadiyunuuuIniu iNeranidesnisi Ivavesauiuuiimanduyeadanaid

¥ Ed
o =

adda o a'r [ 4 ] - 1 = A:iw
WAt usetlestunssi Inavesndanduiman 1dilues1ed lunsdifivualrauuy

2

P : e E il
Burry #39gWuvAaInsounndmvesaame; dnnuenveudualadniniuduiziling

- A

¥ a 4 g A o q ¥ - o a1 e
FULAUIUDININANUMUNIUIEINAVUUDY l‘LIENi]’lﬂ%"lﬂﬂﬂ'lﬂ‘J'lllmuU’mTlflﬂﬁ‘IUﬁ'Jﬂ L uama
& ] Y1 a a 4 A O L [ 4 = o A A L4
mw:mna'inmﬂuwuﬂwn Z U93UAT0INUAIAUFUNY %1frm1sanwﬁnﬂﬁumsmﬂnmmum

Tulfhnszuaadudedl
1
Z=[R*+(X%+X2)’) (28)
Tawii X,=2¢L wt X,=—— (29)

e R dlumanudiununsivesads



(2]

~ QoM N

dumanudumuidosnnmanuiulszqueanin
dumanudnmudesnnmanumileniwowanin
fumanumileniwesvaain

Wusnnuinlszy Inthvosvaaia

dumanudvesnszua Whn lnarkuvaaia

39

y ¥ 4
Tundiannuy fhvesvaaaiinnfossuannsodszmnm iy o 18 dniunamae
YoauMsABUALAUTUD VARV R IIEITY

AU Biot-Savart e

1
Z=[R*+X[]? (30)

1anan1inseua 7, awlualaf Stator sz linans

P o ' o = & W o d = ° 9 a Aa 1+ ad
WHUEIUIFUINLIIYan B "]Nﬂﬁﬂ“]ﬂul!ﬁﬁﬂ ¢ ﬂzmuﬂ‘mﬂmﬂﬂﬂizuﬁ IS NHIVDILHUDLIAN

< o : < a 4 o 1 < :
Tn3# Stator A3UN 2.37a uaz 2376 FaMaRamsmtenihgaesiawsonaniaosldTae
MIRuaATOUNNAIUNAIZUN 2.37¢

aj b) c)

ATEE A B

B = -
> [ R

/’/r/‘L L .|| et
ALt Lallniy —=—=1
— — i

A i .

a ad 4 o 9 A ﬂ ~ o
gilﬂ 2.37 LlNuﬂ’iWﬂJUﬂﬂi%’“ﬂ‘nwuNTﬂBQL!NUﬂLﬂﬂiﬂi"Hﬂﬂ'lﬂu']ﬂl U Stator WHNHHUIU

Tasnszualuvaadaniusevstator lunsdiveszy n) uag v)

= A; = 1 ad a o 1 1 ]
ﬂimlﬁ'ﬂ'ﬂ‘uN'Jﬂ]ﬂillﬂuﬂlﬂﬂiﬂi NWUAIALDVHBNLUADL A IU (Surface mounts) 1Nﬂ5ﬂl

y ¥
a4 a ]
'

& a
umﬂumsmﬂ'um

v ¥ [
v0331 n) Wumsiianszuainuiveaurudian Ias MualauuuIoY Stator

(Burries)



40

2.12 M30OAULUMIVANITIHANIAZYAAIA

1 [y A o A a’ o gA [

dsznoudiigueanisulamdsnunnaduminiundau Inihdfemstans
o 1 a ° v =1 P i o [ 4 4
Auniavesvaadamilsnihuazuimana1s ¥avaarannudinusamessriinaoyna Tagh

' =) = ° ° A A 4’ Ao ' -] i -] ° ¥
uanazgazlivaadam o nihmui e iomuiun S uaumimannnuimanash 14
o -g 1 { o a’; ' o 4 i -
Tawdsnumnniu dauiuimanansziimsadavaimaniiove1vauin Soft iron pole tips
° 9 v od A - | T —
AT wswvesauuinianiioonunanutmann123 hilvnszeweon linou uay
g 4 i
Unflossimanonsninmsnsznunsziiioulaoasinnmamioui
= ddaa a v 9 W A

LN UNTUTVINAAVEITIAADI NUENENANURIAIIUVIDONYBUATBIUAD
W [ 3 ] o U 1 o 4 dat 1 o o
anyaznsInIuimanvesndsueunimanveuniosniinaned0MdsIuvI0anNY04
nseaunzdygnaus i i ldnszuudae 91n3Uf 2.38 sxliunuezgilifloniierisesns

] ] ¥ ¥

wasuNvesnasuessiman diuswiuresvesgavaaladevuasmiu a1 g duadons
M132021 19321 319509909 AvAR2A (Slot) Tumsefunsanuduiuimusvindinvessiuau

L 4 i
¥oveagavanlanedd uazmadudsaumsi

g=—" (31)

 ARIMATURE
N.35 MAGNETS. IRON
DOUBLE STACK
SOFT IRON cons
POLE TIPS

AL LRAINUM
CENTER

31 2.38 msdanedmilszneuidiiyvesszuy



41

e p Wuswanvewlaiidens, 7, fluszoziiesznindivesamimén uaz o,
uszozriiesgningeswosyavaaIad Stator Tudedisiinaasdegilii 2.39 funiseenuuy
W 1&usasunlih 3 il Taofinnusesvesyavaaiasets uazmady 6/5 Faiumuneni
TUADIA 6 %A (YAaz 3 wla) ﬂxﬁsxuzm‘zmuﬂﬂﬂquamhﬁﬂ s aluusazla fufu sttor 7

¥
1 3 ezl 18 ¥oavesyavaadANszawIlnAqY 5 1Azl

]
I

L b4
U7 2.39 unun e Nl IuTeLUBIERYARIAADY LAz q IR 6/5

2.13 imaHamstialszansnmalsvaadag

4 o = ar 4 : n'.v ] a [
Tumsesnuuumiesduiianasanu Idnaauiii Tassa 1oz 1usmaniudnyue
- o = s 9/ P o " 3 1 = o dy 3 e
nuiasasutandany i ldannmsmisniwealanisuenminiy udaudseil ey
99 1 d = s a " g a9 ¥
M31s2gndl5uiimann19531Unse Toroid Nilgasenarsdunusimane1s mlvawisnld
o ] d dAaa ﬁy ~ ' =] : =
Usg Tominnanuaimaniiiemseonniniiuiinieluvesgveunimingnss Toried Taud
] =3 [ U 4 o o = [ ar ~
auwuimandInamnse llivienihvaainislulddudendean i 14 dag1i 2.40
o ' @ a4 4 4 F1 1w J = i =] . o &4
oASIEMUNAINUMANIUIZYUogAuHuNnIoTugveuimAngUnse Toriod 1y @il

MNAAYIIAL317 2.41



Buoy
™
Ocean
wave
Cover flame Rope
e End stop
| Outside
Electromagnetic | i 24 E'/ Btator
gearbox T 2
3 Inside
= stator
Spring o ':E’
. Support

L 1 1 v
31N 2.40 uwunmuaasnseenuuums sasuand I Ifhaadutiwy

A - a b 9 = "
wasunFudu lagldmaiinuuuvaniag

. QOutside Coil
Stator

Pole shoe

Permanent magnet
(Toriod shape)

Gearbox core

Pilot stator ring
(Inside coil)

Pilot stator core

[ ' + v
31N 2.41 nwdavnaansmseenuuumIssfuiandsa Iiihonaauii

4 da g ¥ a '
wuundouiFudu lagldmatiauuuvaaiag

42



43

Taondadiuvesdniimanianasnu lWihnuandresuvesvaalalslunazvnaia

e r; 1o o a BJA dd' a d’
’N‘uﬂﬂ‘]i\‘ﬁ]S'U'LlBgﬂ‘Uﬂ%‘i]ﬂ‘l’ﬂ\‘lﬂ'IUﬂ']W‘UEN‘];ﬂ‘Uﬂﬁ'.lﬂﬂﬂﬂﬂl!‘l]“l]lﬂ'luh"liwiljﬂu'\ﬂﬂu

il ¥
amasanu i ldnnvaanaselinnuduiusiuaimaimesaegaai [12]

910
E ¥
P=—=-m (32)
t 7
Taoh P Aeddeanlnih Gad)
E  dewdsnwlwi 3a)
- A ° o
t ADLIATINNATOINIIU (FUIN)
V.. —fesnidesvesndsdeunnovensiiu i (Taad)
Z AemnNuAumMumelusnvevaalavaziau (Jovy)

JUHU
V2
E=-—"¢t 33
2 (33)
Tauil
y
Ve =—1 (34)
V2

UnUauNsN (34) adluaunan 33) wzla

E= i-t (35)

WAV, MInaunish (5) sunmuasluaunmsin 3s) w1



NAAB

(JEA )’
E=—=2L (36)
R
iodagilniee 14
Ez..l._f_ ]VAAJB)2 (37)
28

dll o r=1 o 1 o :i u’: F1
WeinmsnSeuieudasdiunainun ldvesvaalranaelunazrauensz 18

1t (N,.A,.zr&,:':‘)2
2R At T
1t NAAB,

TR A

e

E,
E

Tagh  E,  fAewdsnuninvaainielu

E ADNAINUINYARIAIUDN

e
Wovaglaumslnuez 14

ﬂ_ Re(NiAI)2 (39)
Ec RJ'(NeAe)2

Mnaunsn 39)  waglldndasidrundinuildnvaalanisluuazvania
J L 4'.5 = o A o _ o o ﬂy
mouenszluegiumsesnuuvvanladiiiledendigaail
{ do ' 4 & o ' H
L vwnavesiunSumnuuimanvesvaaladausgiuvnaveuduruguinaiea
v d Hq ¥
mulunazmeovenuimanonasily
° & J 1o o oy
2. IMIUTBVVBIVARIATIVUBgAUVIALT U T RAB IS

O o »
3. f‘hﬂ'J1u¢’1'mﬂm-uaWﬂmﬂmwumgﬂuvmmmzmumiﬂmawamﬁ



45

2.14 mavagudyanalwvhnszuaaduildlaamsSenszualihdielalen

mssagdyanu ihnssuaaduildnnndestuiandaan Inhenaduii
anuduaziewagalineil dvmsldqunsaididnnseiindidundalumsGosnsuaidh
FagunsaididnmsoiindniiguauianunsoseanszualWih 18uazazaindemsFande
laToawiiafimnnmsheiani Taons WqaauiamsvenIdnszua narn ldmedoadle
Houussduluneanss uazez liveulrinszua Inark 1&idletlouus sdu luuoandy laToadis
quaiAguiio Gond “laToalugauna (Ideal Diode)” ** Taviidgydnvalinziirmans lna

yoansziangl

Vi

U1 2.42 pldydnwsinasiamams Inavesnszualu’lalon

¥
ms InavesnszualulaTeavziilu lamiinmisvesgnas 910 ueTua (Anode) T1atn
- o o = - o o a d
unIna (Cathode) dnimsihiniuveslaleannfSouifivudunisiinuvesaiag laleass
mammileuiuaiag oN detlounseduluneanss uaziiluaiad oFr Weilowussiuluuea

o é ey @ 4
ndu FeezFouiuquanidlaons muazmsnfSoudion 18310 2.43

CURRENT
FORWARD
CURRENT
BREAKDOWN
VOLTAGE
| L.
LEAKAGE CURRENT | VOLTAGE
AVALANCHE
CURRENT
~——REVERSE VOLTAGE

4 o o o o A s ."
31 2.43 anwduiuivesnszua IthiuussugaiiuguaunialaoialvoslaTen



46
o é @ o a;d aﬂy - A L ) ~ o o
fogiiulaToamsnsdanhitiilemsiuunn TaTulitios wsnaiiavesmsihumi

uaia'18 2 wiiade

2.14.1 laleavHatnanniiay

v " "
laTeawiiatiianudiumud nszuaiiuin deanisuseau Wi luneaidios 0.2 Thaa
¥ ¥ ]
TaToasdaiazgmir T 19 mihi Amnmed (Detector) iilulaToaguusniilda agiiudadl

woinioulF1Aun 1N60, IN34, 0470, 0A81 1iludu

2.14.2 laloaxiin Fanou

du'laTeaniioulFiuedianiiauna issnaianudumugs nudemslvnaves
a ° o — = 4 =
nszuuazus sy I deansusd I luued 0.7 Taad gmir 1 14vimihi 5na W5 (Rectifier)

29958 0aussdudaya e Wi (Clipping) 1udu

2.14.3 mavitlalea ¥

3y d a Y o ¥ A ' - o
laToauenvinezl¥lursesFaavhoudrdemnsaldanluleesdu g wu 29958Ma

aa o s
LG]'E)‘; (Detector) 2993 m.lﬂmﬂ'g (Limitter) ’N‘i)iuﬂllﬂtﬂﬂi (Damper) 29951l0eruTvan (Protector)

@ o

o o o o > . 1 - é
2vshinausdudyas T (Clipping) 29930lAsussaudyaa (Clampling) Wudu dans
ilaTealU1d0mezdesdiiieds nszuausedulifwazanudidundn nszuaiisey 131y

¥ 1 "
miiegilonn Wunszuagegailaloamuisoduld usedunihiisey 13 ifuuseduly

¥ ¥
dnvadAsalude Audundiiiszi lfidone vie imundgawsamniiiues



M9 2.1 msuquauiaveslalena

2.15

Average

Peak
- ; Forward
e : Voltat | Rectified | Forward
Description | Type Voltage
Reverse | Forward = Current 9
Number | 7 ' Drop
j Current | Current
| |
| IN60 | GenPup | Ge = 40V | S0mA | 150mA | 02V
1N4001 | Gen Si 600V 1A e 0.8 V at |
' Purp,Rect | T
i | |
IN4006 |  Gen Si | 1000V | 2.5A25C : 0.8V at
| |
| Purp,Rect 1A §
| IN5320 | Fast Si 200V | 160mA = 250mA | 10Vat
© Sw,Det 0.1A
5 , Rect '
| |
BT - ’ |
1N4148 . FastSw Si 100V 200mA 450mA 1.0 V at
i
Diode ‘ 1A |
BY252 | FastPurp, | Si | 1000V | 3A ; ‘ 1.0 Vat
Rect f 1 1.5A
| | |
BY299 SwFast || Si 1000V 5A 200A 1.7V at
Reco, HV } [ 5A
)
alnand

47

moadanlddmsudimdsnuldsunasafeosuimanduaramanaaanldaunaly

U o &£~ we = a o w o '
luanuvuaieiag Feliquandanannsaiase ldyniemie Ihawnuudasags ualivug

g : o s - o 1 W °
w@an, hvinan, @nsennuazsimgnenguauiadeddinan aniudgrideminnldauly



48

¥
° a

- d’ o a ] ] L4 kY IJ & 5/ o
el Tagzihmsiivviaveududiuguonats v lvguwie Iiminzduiiminyes

[ 1 a
naouWeauLIKAn

A w Y o A '

@ -] a @ a o
Iﬂﬂﬂ’.l"lllﬂ'lﬂl.ﬂﬁﬂﬁﬁ@ﬂﬁnﬁﬂHmZ'ﬂu'mﬂﬂlmﬂWNﬂu 3 YUA ‘lﬁllfiﬂﬂ'ﬂﬂlzﬂﬂiﬁjﬂ

AIusTIWNIoATUVALAZ AR a3l 2.44

3UM 2.44 dnuzmihdavesadan IuNuAnA1IiY 3 ¥1ia a) aIARTUIIN

b) A2AAIUYA LAY c) adAaLia

2.15.1 aANTUIIN
ﬂll ar - A o Q‘J @ ' " @ : L]
aranuswaagl a) duadeinhalamannaiuswiuedisiion Smiwsadu1ali
o et A Q.l 4 1 s - A o
1 Audd 18 idun iifenannssndimniuiise duulfiluavadyanielos iemniag

q' = [ o ] v
noenuseds hinmin iwugnsemiludu

2.15.2 aIANIUYA
o o ﬂ a d. o @ g - o -] o &
aranTuvadagll b) uadsmharamanunauaesiu AeaTuiluvaidnaimila uda
° <« & < (IR T V- o
hvanuiumnauiuvalngdnasmilsimihminvessuduldunn Audaldweaunas 14

ussnndeiiminnn wwasuuazsenenvaaninungiiudy

2.15.3 adauAiia
aamdadagy o) Wuadailfiduaramanaiumusu 195uauussniidesnisany
{ 4 o ' - 3 -
udausanniiga nuiidesmsnnulasaduge ualaaduwwiunszdvugun nie 1Aty

fu



49

lumsaduasamdnlfiilumeadsivdaussezigluunsauiidunnsguey
o o o &4 ' @ o o
Menua geauuienJumuynazaiuauen Furazuuuiineaiulugesdnyazife

& w -
ATz MY NAIUN 2.45

1 Y = » @ -] = @
31N 2.45 MInTuaaadauua1e 1) ATUAINYNINYIIMI oA AN V) ATUAY

o o o
11‘!‘14‘311“1?‘1011?61‘1‘21“1111141??&'!1 ) AIUANYNIUUIULDE ) mumnmnwfs’w

mwadawuaIumuiumnzdmivlsfmhminmsussnnvasfvvauasvey Faily
msuvauludnvasdiuur TWueznyunaiondel 18 Undudninl¥fuginsalvudisiiinu
a a 1 d 1 a o v a aa 9 ' o
Tudnuazvesans dualaadwuuaivynsduiualaadnialdsldennnarauuuniu
o a a Ve -~ Vv o u‘: - = a [ F
awiu Tasdnaudiouladunsuniesennim aniulumsifensiiaalaadauyuaieg 14
o’: 9 o A A& w a o ﬁ o v
mngauinszdesmitadednvaznildnualaadmugluuumsaiuadadiundn  dau
a o @ o d
VUIAVDIAIATAINH N AUILATOMUIN 1A INAUMTANUTURUTMIH T UAUA AL

o =
MISANUAULTIANY

Fy
= 40
Ag i

Tao o, fAemnnuAugage kN / mm?

AoAwssfsgegaluduaia AN

Smax
e e

4, AemunnThdavesvaaln mm

k

2



50

o Y 4 =

wedagdaums Ifduius fududuguinarsvesmaadudud@nminmhinaiu

$1uu 7 duszldn

= fmax (41)

- v 4 =1 i o o
Taon & Aeduruguinarsveudualamaniinnaiu (mm)
drummamnuduiadiuszansoda ldnnvnanisiaduiuinauves

iduadalagdsaums 37)

o,=E. O (42)

Tao o, fAemanuduiadugege (kN /mm®)
E  Aemdslugdaveundn aafianlszanm (200kN / mm®)
1 d Ao o
8 AidUFUAUINA IngaveaduadInmaniniunaiu (mm)

[ o = =
D fevunAalduruguINa eI NNaNMIUATIUYeIIoads (mm)
i 4:‘ 1 - @ ' o o o
manudusuieglussunu@eiiueziusauinanuduves o, M o, Asaums
0,,=0;+0, (43)

Taon o, AemnnuAuswIINANUAAzMITaTugIga (AN / mm®)

es

ynaduiuguinmudngaveudualamanivonsuldvzidludeaunisi 44)

d '\’ 4'V‘};T9max (44)

min=
K.7T.O
{ ' o o d A o
Taod d, fevinaduriuguinmudngaveuduadamaniivoniyld mm

& ¥ o [

v AomurnmesaNuilanans
- ' d‘rg - Y

K fonunmesnuNvTAA

o, AemanuAugIgavesiagihliialadds (AN /mm®)



51

o v
fmuald
N4y
k= (45)
K.TT.Op
+ P el
Taoh & AN mm* / kN 2
v 1]
Faiuaumsn @4) aunsomwou it 1diiy
dminzk\/FSmax (46)
= o s -‘.'ly o Y o A‘ [ dy
HagmuIn IRz nnesve s u N da 1 1naunsi (47) aeil
x5 n
g5 -8 z
X= =
d’r d?
4
" 4 ' Hd I
Taoh  x femoandununnidaswvesnlraduianaeRunnidaves

mwads TavnAnunasguezegniszuim 0.46



UNN 3

MIANHUIUDOAMVVIAZ TSI

= 9/ 1 3/ = y b4 ¥ ¥
3.1 ﬂnﬁwauﬂmawmﬂmmmﬂuﬁ‘lﬂmsaammmmzmn'h

td '
JagilszasAndnvesnuifeiinensiannlsz@nnmuesdunuuszuuniesiuiia

wasu Iihonaduih Taemsud ldeunwievadszuunn@ui ldmeinmsesnuuuerd

Ed
o

‘é o o Ll ‘al ] -
A4 TUMSWANAINA1IVLTHAUA WM TANY VD IUANI DIVDITLUUIANAIT

L] 1 L
= 9/ \ o a - ) - o
3.1.1 Anmdeunnsesnnnalamshaudinaediassnaui
A ¥ - A o= o 4 : dy v
esnnAunuuinvesszuumiostudandsnu Iiiininadwin ldesnuuunas
¥ ¥ Y Yo o U a A = 3 o —
aBiduszuuitldimssasauudronsdevuiaasninszunsiiazaadslunziadagili
3.1 aniwieliansaiinisnaass 1dnelutesdfidns 391dvnmsasenalanisiinu
- dl' o dll. = - o ] = 4' :’ = q'
iWanarediaeanisinaeuivesgamesmimanumuaauiteiinlszneudlsyanasey,
I 0w Ay ﬂad‘j’o 94 1 o w - =
woiae? 1WA nazszuudadids Fduuuuidui1ldimsesnuuuier ilisisidsnuFna

[l | o o -:iy a s d o
‘ﬁﬂﬂﬂﬂ3J'IvhJI.‘WUQW'Elﬂ‘UWﬂQ\1’1Ll‘VWI801%1Hﬂ’15‘|]ﬂ‘]jﬂlﬂﬂillﬂlﬁﬂﬂ

3 L] o o =

gadontsoadmivmameaduneafiag

o

moaaanl¥lumsaaiigg

duuuveganosimani l¥dmsuderumoads

y a o W o = d 0 =
FANAI EJ'U&ﬁmwnﬂ'lﬁ\‘l'UU‘lzﬂLﬂUﬂlﬂJlWﬁﬂ

yowes Idhdmsumsdaias

| A
o A

31 3.1 Aunvuduvesszuumisstudandsnu Idihonaduii ldeenuuuuazais



53
- L = 4' ° = [ .a' : -
1NN 3.1 wnuNAunuuANYoIsTuUIRTean uana s Ilinaduin1d
9 Yt o A @ a J ] o 3 d'l q‘-i' yq’: -
ponuuunazad ina lnmsihaumedugaifoswiman indountuuazas 181l 1

o w o 2 A w P e w s d 0 o
ﬁ']ﬂﬂﬂ'l'i'ﬂ'l\nuIﬂﬂlill‘inﬂiJE]lﬂﬂﬂﬂﬁ’W\ﬂﬂﬂUﬁZﬂ“ﬂ?ﬂUlWﬂ!WﬁJﬂ'm\i(luﬂ‘ﬁQl‘Uﬁzﬂ!.ﬂU'il.uJLHﬁﬂ

' 1 o o 4 { 4’ 4 v e 1 o
Hiumoruaiianu TasiganaseuilssneviunniFoudoyianiivinaduriuguanals
- a a o T & Tl o 4
faeduldaamuiuianasen Fujladgaiovesganasevszsimihinilugnsonnso
a o Y A o o - | a4 ' a A o o o
meadwuiy Mimevuyafeswimaniindeuniu uazildesawadseon llieduyaifos
1 - 1 9 A a o o a [l ] a o 3w Y e
udimanlindeuinas Masnunanganasoudeenu KU wadn loadnuyadoniises
o o - r!' ) ! o a = (] ¥ = P - -
dmsumameaaana lslunmsdsmawudvuniamavewswaz s imoad undoun 14
' 1 o & a L. s Jd o
a819Aa03A7 Fatmwvosmoadez laedudinuuvesyaifussiman
- o ° 1 ) = ' -
nAMsAnsEina lnmsiesszuuludmvesmsdamhdsnudnanu hdunuuay

¥

[ ¥ ¥
yosszuunsoanuianasanu ihonaduihnldeenuuunazafa Aideunniesdendail

3.1.1.1 yamesnlriens imsaamasriosnuly

] 4
A o

& o a o 9 a
iisannuameiaudui Ifiiluvemes Ifhnszuaadunuuseugeniiavaniaiau
" a : do 1 A 4 v ' oA
(Run coil) HAZYARIAITUAY (Start coil) HDIABIAINANINAMMGITOUDYN 1420 50UABUIN N3
4 . aas s i -
23.67 Hz FaianuannsafiezIiddsanumanaldegn 1/4 Hp wieiszuia 186.5 W dagali
9 o dy 9 o 1 I | o & Y o a "
3.2 m3ldnuuemeidszanilvzdoaiinisaeyianiaesduiedssidsnunananiy
=) ' o o w &£ A a o o v ' s 0w
mewunie lsdumudidy Fuleinsanuemessnanudmuiniluuemes s idanunie

) a " o a ¢ v d Y A a4 = 4 Y 1 oA
ﬂauaUlﬂuﬂ’J']ﬂi)z?f.lﬂ15ﬂﬂﬂ‘§ﬂ!ﬂﬂ5!lﬂlﬁﬂﬂ1ﬂlﬂaﬂuﬂﬂu“a:ﬂQ'ﬂ #3732 0.6 mfsilﬂﬂU'N:J

Uszansnin

U0 3.2 nmveswamed Infhnszuaaduuuuseugeildauegiay



54

y et " o as ﬂ'; =
3.1.1.2 gaszuunaseunlidanuannsalumsasmasnuisnmaziinalams

M vnza

[ " ] ¥
iWisannuemesn 1fiinnudseuguiuniiiiez e 18 dnfumsudilgmidinainis
yq @1 1A v oo ] 4 1 s o A a ow & Yy Y 1o
Taldyiaiaes 2 mnlivnaduiuguanatsaiuuiinmsiseudatume 14 1dyianasen
v Ed
dmsumsdadduuusoudwaussdags lumsesnuuuganaseuil 18 19ianasousau 3
s ] " w9 4 A o T & o 3
¥ lnsnuaazgaroudeiudlomeniu Fuilesiimsisznovyianaseuismududuiluya
{ ' 1 o ot ﬂ' L) J
naseuamfioenuuuer Budmud ldmanus adududafigadiqamolssua 0.6 ms &
] b
asenun ldeonuuuiend Tasdasimsnaseviidiaunnauns
@ _n

=2 48)
& o h

Taoii @  fo S5 1S uFayuveiaimdaiida
w,  AedasuiuFamveiamiuige
n feialivesyaaldeiing
r,  feosalveuiaAITuma

'
=

ganasoudnd ldimsdaneenuuuuazlsznoudiuiuganasoudaglii - 33

waz3ln 3.4

31 3.3 yanasovvesszuuFnyawimandlsuemes Ihnszuaady



55

317 3.4 yanaseuvesszuuFnyAimAndouemes Ifhnszuaady

] ' o

1Ny 3.3 uaz 34 ewldinjiadrgahevesyanasevvziimihidlugnsennse

3 ]

¥ A =

a - Y A a a d o ' a A o a o
mwadawuny imedugainesuiman Iiindeunvy uazlaevmeadeon liineduyaiies

1 =] Y - A o [ as ' L3 9 o U o A
uuman“lmﬂaaunm ﬂﬁ'lﬂﬂ’liTl’N'lu1‘Llaﬂymzﬂﬂﬂfﬂ?lﬁlmﬂi‘i]:ﬁf]ﬁﬂ'lﬂ?ﬁﬂﬂ'l@ﬂuﬂ B3N

v o & o Q¥ 11 o o o > T ] 4 4
ﬂmmmawu“lm;ﬂuumﬂquﬂau'lﬂnauuwmuimtaz'ummsmaﬂummsmzmﬁaumwawﬂ

o ]

-4 = 1 n‘: 4 = o
Lﬁﬂillﬂlﬂﬁﬂﬂﬁﬂﬂliﬁ1 “D’Qj.ulmﬁzﬂiﬂ‘ﬂﬂ\!ﬂ‘liLﬂﬁﬂuﬂﬂﬂ'lﬁﬂ'li'Hi;!ll'llﬂﬂllf)tﬂﬂ‘i VAR

= o .4 g/ ° n’: as o ﬁ ¥ a 1 J
L'H‘NEJ'J‘LI']ﬂ1011131BL@'I85ilSﬂf]w'i'ﬂ'N'\Uﬂ\'ﬂlﬂa'Jﬂ'iuuﬁzﬂﬂﬁ?ﬂﬁﬂ'lﬂil uwa"lmﬂﬂmmmu‘uu

¥
= =

v o o (] 4
DYINUIN LW‘5'I&’SJ@WIBf’ﬂuﬂuaﬂﬂﬂﬂuﬂﬂﬂ'liﬁﬂﬂﬁ?ﬂﬁﬂ151‘1711\1114‘]5'1\1!15ﬂ'|]’€]\‘1ﬂ151’1i{u 1ilo

L
]

ANUIFIIBVYBIN MU IR MUAYAAIAT U YT wRbIAIRY)

3.1.1.3 deyrauazmeniuniy imnzanlumsaias

iq 9/t 1

1n3U 3.3 nag 3.4 vxdung Idduianldiisesdmivldmennniesunisdadidsnn
LI o é LA ~ o dl 1 o o d‘ 'Y
yiadndmilidseufeddszli 3.5 uazmowudshdnnudui 1 Fluganaseviifuaonu
a 1 Ad Y o Y o = £ o ' ' da 9 oo
¥1AT0I A NUMIIARYINIENIUNIN 12 mm AU 3.6 Fuann A w0 B Ninihda

¥ ¥ [l [
YOIANIUNI 17 mm Ae31l91 3.7 hldRunsoussnldhdniesasdamaliniuamnsaly

o o o

"o - £ - ' ' = a
ﬂ‘liﬁﬂﬂ']ﬂﬁﬁ'luvnﬂﬂﬁlﬁﬂvlﬂgjﬂ ‘]5\11“1]@131’]531]”ﬁQﬂ'lﬁqﬂ131u1u‘513ﬂ64ﬂ151ﬂﬁﬂu‘ﬂﬁ

1 '

A =~y !

el g b gt :
nemsndeunvesaosimannnnasuiauilunfouniu WUIUAANITZAVDIFATIONIY

- "

3 § o ' = o o @
Ny lﬁﬂﬂil'lﬂﬂ111]1%0@ﬂ118‘|]0\1ﬁ1ﬂ“1ﬂﬂﬁ5E}leﬂﬂﬂ'luﬂﬂﬂ']'llﬁQ‘Uﬂ"ﬂ'lﬂllﬂmﬂiﬁﬂﬁzﬂ']ﬂll

ganasouluvaznnldoumlasianemsvyy



31 3.5 Yiauvusesdsr

U 3.6 Mmumuriiages A iivihdavesaenuniig 12 mm

56



57

g1t 3.7 mowuriades B fimihdavesmeniuns 17 mm

3.1.1.4 meaasiviaannu

' o o as a Jd =1 A 3 e 4 ) - d -]
Tumsdshdsaunnganaseu ldagaosuimaniie 1ddumnaouliyaiRosiniman
A a2 a 9 a o aoa ' o
wdeunVuuaza luszvu@an 18 1dmeaduuniuvandvuaduriugudnais 3.08 mm
annsaiuusaia 1@ ladifiy 58 TadudaUii 3.8 Wednswiudmuhmeadsdnanivinady
[ o ad a = n’: - " a 9 w - 4 0 o L]
Auguenaniianiiull Snismsi¥eudemeadudriuyafosuiman iy launasg
4 o ﬂ" A =Y 4 L] - 1
DIN e isua Faluszuudunsideudearaaduduwanvesdvunvesyainos
[ a T o 1 ] ] - : o " o - )
wiman ld'1dvinmsaeriuva1dmsevesmimiin uavinisadesataaaudinumal laoass
a ' ° ar ¥ ' 4 " o = o o
2INMIINTIZVMIMNNUAINA NN IIFouae Tasas e IR alaadudoadiumaiiily
- = 45 = [ 1 " " o ) -~ o’ s U d' 3/ = o’: [
NANTaNHasNUsnuAINa1IUINN AN UK TAIHS pvasmiminnoun 19 Bnads

dlumsganniiszims lduazoeamonia

g1 3.8 moadsuun uvafidvnaduriuguénaia 3.08 mm



58

) v v v 5 TRk
3.1.2 Y UNNIIDINAIANNMUVUUDITHINUMIHANNHA M

o A da o o A o = a oA ' Y
adoniianianudrdguinlumseenuuuniosdutiandsau I Afearnnudy

-

' o ' = a1 o "
VDITUIWLLULHAN °N1'LIﬂ]iﬂﬂﬂllUU%SllU\?ﬂﬁ'}Lﬂ5']3‘r’iﬂ'lﬂ'J'llu‘l?l’ll‘llf]ﬂﬁu'lillllilﬂﬁﬂvlﬁﬁi)ﬁﬁ'lu

w 4’ ] d 1 -1 4 . 1

#3411 AUUINNADANUTUVDITUIULLINANNDDNNIVINUHAINUTAIS YN Remanent force 11
" :f -: (Y e ' o - 9 1 wa a ] o - o ] I~

dutlszyuegiuaulAveuiana1sn 1% wuauiaFusimanvesmsn 19hunimanais
] o 1 [] - ; (K" ' I~ [ =1

drundsui ldnnmunuuimanssiuegiuvuaveaunimann1ns, JUNIWoLLMANDIS

o q’: ] 1 ) - ' - o w ] d A

wazmsdanetuimanudazdudiiugaifosiniman dmivanuduvosmnuwimanids

i ° ' 4 ag 1o ] ' ' " ] -4 ar
mﬁwamamﬂmm 1'LI’£T’J'IJ{‘IQZ‘UNEIQﬂ‘Uigﬂzﬂ'N'U?N‘HBG'JNS:H’HQHHLHaﬂfl'l'ﬁﬂll‘llﬂﬁ'éﬂ

]
ot ~

| © " ] o ' : =1 '
miieh, Jagnldlumsyiesrusuduususimanuazjilssvesiumansouuay ames

a

FIUDIANHAULMTIAIVARIANTENI
d' ° = s a d 1 -1 4:{ FY 1 1 -1
mammnmi13nqmﬂusunmnﬂ'n“l‘xfluwuuuﬁawmqﬂmwmunmanm’n uag

ar n’r’ (] d = " 9/ 1 q' 9 o ' -1 A‘ Y o T
ARV UHANTANUH IS TUADNT 1FU uad1s N Ignuvana1sn led ldainaw

"
N o

Y ] 4 o A ] d a9 o (] =1 ' = =
Wuvesmuuuimaniiamd iesnnmsmimaniildiunimanonsumsuimanyiia
d = o { o © [ { o v
uuisome lsgaiiamoanunldiidr Insvormdoadagiin 3.9 3kl 1ddnnuduves

" 4 4 - PN L 9/ o & aw [
MuumannesnuInurasiutiaiag 0.09 T Feiohilimneutnei dlidnvasveudunss

1 4 o { 4 ' ' -] - A " '
udmandagl 3.0 Tashvnaduiiuguinalsveunimano1sildlianfesninduniig

L4 " = o d o a ' [ ] = o
gquonaavesrie PvC  Aldihmames MliiAaresinsseningaifosisimaniuvaaia

¥
o -

= o — 4 | 1 ] o = = 1 A =
LHHU’J‘H'IﬂQ?"iJ‘I’I .11 ‘h‘w‘l‘ilzﬁﬁﬂﬁﬂ'I'ﬂuuuu.lmﬁﬂ‘l’lﬁﬂﬂﬂﬂlﬂlﬂﬂﬂ1iqmlﬁ01ﬂﬂﬂuﬂﬁﬂn1ﬂi

= o o = 3 o ot 0 = o' .4_'1 o " e 9
VAR HUIUT m‘:1z'aﬁaw“l‘1fmai‘|umnmasum permeability AU DI91AN19 1IN0 PVC ‘YI']I‘H

[
' o =

] - a i ° ] v i -1 o
Lﬁuuﬁﬂuﬂlﬂ'ﬂﬂ'h.liﬂ'i'lllﬂ'u“Uiﬁﬂ!'\lﬂﬁ']ﬂl'l"lﬁﬂ?u'I ﬂﬂﬂﬁIﬁﬂ'lﬂT“JH,l’iJ’UBQﬂU'I!JtLiJL‘HﬁﬂﬁFIﬂ

dl o A
VAR HYIUIUATA

4 i o =) ¢ a ar { o_o =
3UM 3.9 wimanonsstiame lsdriadonunldmid Insvenodos



59

Shce: Magnesic fiur dersity, oorm [T] Arres: Magnstic fus densiy
S

a)

Siice: Magnetic Flux density, nom [T] Armow: Magnetic Al density

; a d : o
31N 3.10 a) Isometric M3nszWANUTUNENFLMAND 125N 14 b) nMndauNves
Y L sqy 1 d =g 3 Y v g
MINIENOUHANFUNMAND 1IN 1FIM AN 157 19 o) iduus aima

ansriame lssyia@odunleiig Tng



60

] U o ' { o o a o
U 3.1 vinadurugudnaavesie PVC nldimamesvuia 208 Hadwas

3.1.3 Younwivanngldaanamla

v
o

¥ & o A o - Y ¥ o ¥ ¥ a
Auuuyveunsestudandsau livhonaduwihnldmmseenuuuuazadra i@ i
y o a o ¥ i a = o 4 =&
mawszuunsestiudanasn i wadounFudunvumuadulnsiaulseyndld aq
& o - a & d4a 9 As 4 A @ v o -
wiesiuiandsnu e douiFudunsaesiumniiiia ¢ ulmnmesiiiy 32 enaaes
o = @ a o = 4 : 1

Tidutiandsan I Tasldgafesimaniiszozmandeungaga 0.8 m in1ua 700 ms

wuhgldygrui ldvewdazmaiiudsg Ui 3.12

S00(
Low
resolution

{ o o A o o a Jd
U 3.12 nsmlvesussAudunannnaass It uilandsan i Tassmualdyaiios

' 4 = y | o 1
umanNszuzMsINAUNIA 0.8 AT AMUVBIFRYR U1 700 mm



61

: 1 o 1 é 4 ﬂ' = 1 = 4

11031 3.12 wwnungldyanavewdazmaluniisseumsindounvzlinueuilsgan

' A & a el -] A = gy =] =

vli.lﬂﬂ’i’l Wﬁ!ﬂume’lﬂﬂ'lf'lﬂ’lﬁﬂﬂﬂlmll‘ljﬂlﬂﬂilmlﬁﬁﬂ LUAZMILAADUNVDIYANYTUNIH AN Y
1 é = 4 d‘ = ] ] T

ANuse Faluan1izesenauidneginnu limiveuvesnnugaazaunaaninms

o wa é -] = o o
naavaluiosdfiams deesildfailymlumsimasou iy
v o a a o a7
3.2 senuuutazadena lnmshauBnaediaenain

3.2.1 Masnunaeal¥lumsvunaeunasuloausiinan

o o

9/ ' v =1 .;’f - 9 ﬂ o w g

masnulumsldennasuounimaniiune landumdsnud1ivesssuy (nput

& = ¥ o o - = Ai - ] ' a
power) FIZAAAUNABNINOATINTIUAsUYRIANWTI lumMTIndsuNveInanupaivan
= [ :; Y d’ 4:& " -=' dy o [
moudunamldlumsindeunluuaazain Tasnlunisnaassfisziinisaiugudasinis
- a d‘l — (1 ] -4 = o e F A - 1
wasuvesnnuiErlumsmasunvenassdleamanieuiunamlflumaaaoun luusas

Y 2 o 1 A o o o w kY P & A o dv
1 Lm’J‘iNuWﬂTﬂ'lﬁ)lJ'lﬂ"lﬂ'l‘iﬂ'm'Jmﬂ'Iﬂ"lﬁN'Iu1]1Hﬂ‘1|ﬂ~1'53ﬂﬂ‘i]1ﬂﬁllﬂ']i1’i (49) FIUNWIAIU

o
in t
P ==
i
g =22 (49)

Taon

ADMAINUV VD52V (Input power)
P}

f

= 1 ' =
a:nuw“lé’falumsunﬂamaﬂmuumaﬂ

|/ /4
=1 - ' [ =1 d'l a'
t AoranvesnasuWsautmanldlumsmaoun
A -y 3 ' v g
F foussnass lvennasaeuiman
- o 1 1 =] A a
s feszozmanvesnasuneuivanl¥lumsinaoun
- 1 ] a4
m AouaveInasuNoUBIKAnN
- 1= £ 1
g AaAHINse IduaeTan
h feszAunnugIidessnnaeuileuniman



62

] E E
MAUNsH 49) wnunddesmmaum £, fezdeaumumeanadail anihmiinves
1 L A $ T i 4 4 A &
naeueuitnan 43 ke, szozlumsndoud 0.62 m druanlFmsmasuinielunianils
3 1o & 1 o a o o dw
YDINUIAILVUDYAUNANINAADY 9 1AAIMA IV UTIYDITT Y (Input power) FUNUTAL

& r 2k - =
l']ﬂ']‘nﬂaﬂﬂlﬂﬂﬂllﬂl"aﬂﬁlﬂuﬂ'ﬁlﬂﬁﬂuwﬂQﬂ'ﬁTQﬂ 3.1

a ' o aw 3 @ w da a0 (- |
A13199 3.1 MUV UI1Y0952 U (Input power) FuiUTAUNANNas s BINMan1F1u

MIpaoUN

t(s) 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

P, (W) | 651.83 | 434.56 | 325.02 | 260.73 | 217.28 | 186.24 | 162.96 | 144.85 | 130.37

t(s) 22 24 2.6 2.8 3.0 32 3.4 3.6 38

P, (W) |[118.52| 108.64 | 100.28 | 93.12 | 86.91 | 81.48 | 76.69 | 72.42 | 68.61

Arndeouadnuasstuy (Input power) Auwugiuiani

B naaflavuiindnldlunisindaud
fAraveundaslad (W)

700
600
500
400
300
200
100

0
0 1 2 3 4

aZvmuailalunisiadaui (s)

317 3.13 nsmluaasaridsauvudhvesszuy (Input power) duusfunatfindoailo

: .
usman1Flumsindoun



63
¥ A Y 3 o o s d'l \J 1 =1
322 aamnmnmmzqunﬁlﬁmmuwmnﬂunnmsﬁaqummnn

nNMsAnY Az InTIzYounNseavesna lnmamnudnavesszuuganaso L@y

[l
=

¥ o ¥ t; v 1 o o = o 1 A 9
i ldihmseenuuuiazaiety wudh liansadhunlSunlasugiasaiunsdaie It ausn
o ¥ v = a e 9 ' @ n’: = q”d Y o
msnaaes ldedisiidszaninm ldTasdie dufuluauddeliteldhmsesnuuuyanasey
£ v 9 A ot I~ £k
yumnlninauadiemsidenldginsalndanuuiws waziminzauinniu dsdwmilszno
b Vv
HAZMIANAIYANATOUAINAINTWAZIBYAA L]
a 3 o & — a o a Y & o v
FuauiMuAIZEENSnaouNvesganssiman1iia 0.62 m alumsdmuas
& — o 3/ ] L4 o q 9 o s
szuzgagalumandeuneghmuannduiuguinalivesdednsouildlunsduyaiios

wimandazii 3.14

U7 3.14 29dednsouilFlunsdugaifesiiman

o "
mitameadadiniusdednsnudnd ez ldmstadasinivi ldinmseenuuuiag
J 4 1 s g r o = o '
aftuniesedegnifudiiuinivdesneu ua 1¥meaddadiusesunsdegniiudae
- =1 a w a o a o & A A o
AvasnadRszli 3.15 nniwihimswmameadudnusiudouiiesislumsinaounves

dwadsvuzgndednseuanagili 3.16



64

310 3.16 srudounvwlumsndounivesmeads

= 9 o (] 9 - 9 J = d'l q' = =
ﬁwﬁﬁ\iﬂ‘lﬂﬁ'ﬂi]ﬂU'ILli]xQﬂIUQm‘uﬂﬂﬁﬂ“n’lﬁ‘i'ldﬂl‘LlLﬂum'ﬂlﬂﬁﬂuﬂﬂﬂ’lﬁ’l]ﬁlﬂ!lﬂﬂﬂilﬂﬁm

VU Asgii 3.17 udadauss lfanzveduiuvugaies imanegriuavadsnagii 3.18



65

4 o o - v o
310 3.18 azvedun Fuvrugaifosiniman

M

3/ o o s = Y k7
311 ﬂ'lii]ﬂﬂlﬂ]uui]lﬂi’)ﬂﬁlﬂﬂ‘l:ﬁﬂﬂﬂﬂ‘lﬁdxﬂ‘uﬂﬂ31‘5

Tumseenuuuuemes Il lumsiaesmsmnieunivesyaesiuimanly

v -J ' 3 : o Y n’: i
mﬁﬂuﬁmuuazmmﬁﬂu M5 mﬂﬂﬁ'ummﬂszm aariulums gonLuY il:gl’ENW VITUIIN

o

o -y o o Jd - y.f - g o
m N']Llﬂﬁﬂﬂﬂﬂ‘lﬁuﬂﬁ'IJ‘U“lzﬂLﬂUSmeﬂﬂnl‘r‘l‘\mum:f’ld ANTZOZUAZIIAINADINITIIADY U



66

° A - a & 1 d PR Yo 9t A q'ﬂ
msdiavamsnaounvesganesuimanumuaauih lasmualiiiszozniouniiiu 0.62 m
- a'| - - a & & u’vl 'ﬁ v o 3/
wazimunawesmanaouniszina 5 3 Famsienuemes Wi Iimunzaudums 19
= o o y
NUILAMIINTILHUAZDONUY VA
a o o o & = = & =] 3
nIMsAREimaslumsdumsandounvesgaosiniman wwwuhuewmes v
° o o or = u 1. .a@ . '4; ° 4 - '
wihnuminiige luimaziyafesimanmaouniuningadiga ¥191msei 3.1 wwwuh
4 A4 P e ' & 2 o - 3
mInaouNvUvaIAReTiman lunIImunTLIInIadIsudagegaz l4an)syunu
) Vo o 1a o o oy - = A
26 svzApeldmdsany 10028 W liAasuMdsnundosgydonnusudoaniu iiiesnn
[ = { o o ' a d 1 2 o :
Tatea199 019 usudvamuiifanngnsainiena usadsgaszregaios wimaniuda
(- w1 - | ' @ a a i o
mansowiludu dnfumsesnuuuilinmsiesinnuilasasuFimnssuidimuaniy
' " ¥
AT INveIMaInuvesasiuiia i insdina 2.5 mweshasnundesldse lunsdidl
" e w = s ° YWY Y A 10 ' o g =
mmasnuivemeiarnsainu 1 ldvdesiiar lidindi 256.35 w aniulumsesnuuuia
y ¥ v
wonlduemes Ifhnszuaadvyiadiinannsadieddiunald 373 wniovuain
< ' d' ar :
13981 AMUEITOVVBINITHYY 1430 soudoud Aussdu Ifwudi 220 v dwnaud so Hz
1dnszualni 43 A dagii 3.19 dauddmdanunafiuunammsinunadigandesns

v lvaeiunmsgadsidenunaiisannileivaeg i ldnanuuda

31 3.19 wowed Ifhnszuaaduvinal2 Hp A4 lumsesnuuy



67

- d M Vo o A ' v dow v
3.1.2 ﬂ]i?]ﬂﬂllllll!ﬂﬂ‘i‘nﬂ5ﬂﬂm‘liﬁ'lﬂ'iﬂwE)Nﬂﬂ‘ixﬂ'!'ﬁﬂﬂ!ﬂﬂiﬂﬂﬁﬂ

uazyanly

¥ ¥
Tuani3duil 18iden 19 Tas sdednonuduruguinaaving 24 17 nioilszans 62 em

o

o d' o o 4 : (-] é
#3101 3.20 yuiudavuindon Electromagnetic Gearbox #iNMIIN 43 kg Aagnosnuunli

A AJ = a daa A A e £
ansuNuuazauuFuagwetndhlinuna lumamaounegnlszus 2.6 s ¥ams

o=

o A = J 9/ - L] o w S99 W

YUIATADU Electromagnetic Gearbox Hez 1¥aaaaslumsdaiumasnu lasidednseuazgn
y a  w T.o¥ -] ' o o o 1 1 Vet 1

WouAanuyiamannasdmivldiumeniuies B unusesmoniugniiduriuguinaia s
td [ [ | v

17 AsgUi 3.21 Tumsduya ivyumuanudndesmisszlsmonug lunmsduniousinya

= 1 : ' o -:f — Vo U a o - o e?
mannaentiduruguinats 2 1 idesgiunaeunsinaseuiimllasdrsuemes I vina

1/2 Hp

v b v
37 3.20 Tnssdodnsouuina 24 11 nieilszanal 62 cm 119



68

U7 3.21 yYramdnnaedmuldtumenuses B uuusesmenu

) ' o A:
ANUTUATUFUINA1N 8 UD

v
|

y " o @ i u’:
iesninuemes Ifhnszuaadvifegiluvewmes Mihnszuaaduuuusougeiiiing
Ed ] ]

° a ¥ & o A =] Ve ' o A
VADIRANNIULAZVADIALT LAY FIWDADIAIUUANULITITOUDYN 1430 IDLUADUIN mmlﬁ"ﬂiyﬁ1

¥

o

a ' = yq ¥ ' s d —oa ¥ ° ar Yo o w w °

ananieldldnasuivinasounionsima 1 ae 30 uuudmivlFiuidety 0.5 Hp $1uu 1

@ e - o 4 Ai Y ' a d L) [T |

A2R931/% 3.22 yihimsnaseuvewes uazime Iinasuisinaseuaunsndu ldyanaseu Tay
P 3 o ' A " w W & ° 9 =

lumisnaseutiims1dganasevdinaradouaonudrsmeniudgasz i lianumiseuves

' o & o 1 ' 4 ° 1
madaiIaveaneIinaATeuiia1 47.67 seuAsuIN B INIITNATEUNAINY I YANATOUI]

g a @
ﬂ'J'IiJﬁ'JL‘INLﬁ"u o ﬂﬂvjigﬂﬁlﬂﬂﬂﬂ‘iﬂ'lul“ﬂu 0.248 m/s



69

o "

31U 3.22 nmvesndoafivinaseuiillidasma 1 de 30

3.1.3 mseanuuuMmeaaImnsuaamasnulinunasuleasivan

| £ s - & < v A H'J °

maeenuuvmeaaunelylunisvugafesuimanldindounVunazasszdiuim

a 4 : 4a & - : = & o

wavesmeadsnlFnnmanudugegaiinaiumelumeadvasimoadgnas 1iniui

i 8 lduSeuisuiuaseueanifuesalinadan Juamwunsgiu DIN 656 uaznlSouiiioy

[ a o ] U y o =

fumeadsnivsegauineglnsaineadia iennulasadslunisesnuuuvinamoais

1a a a9 1 4 ' a y - o d g &

vz liAausanganinalsanldasliivesoaiuusslunmsmasuiIigaiRosiniman dadmn

fagudme ivualsufianmisvgavuznansy meadinesnuuyliizdosauisonu
a d -1 9
H3INTLHINNINYANETHMAn 18

a 9 ° - 3/ a a A; o a = - & o 9
lﬁﬂﬂu‘ﬂ:ﬂl‘lﬂ'ﬁwi]'liﬁl'lu‘iQlﬂuf};ﬂ’qﬂﬂlﬂﬂ'IJUﬂllﬁ'lﬂffﬁ\‘l'llﬂ.wﬁG‘Eﬂlﬂﬂﬁlmlﬁﬂﬂclﬂ
A Ad

ANOUNVUAIA IS IGagAAIZUT 3.23



70
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a (acceleration)
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Contour: Magnetic potential, Z component [Whim]
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Contour: Magnetic potential, Z component [Whjm]
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Contour: Magnetic potential, Zm[\'bh]_
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EMF Voltage Signal and Velocity with Time Domain
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Three phase-synchronous linear electric energy generators
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Abstract

This research presents a design and a prototype of linear electric energy generator, for
converting ocean wave energy to electric energy using law of magnetic induction. The prototype of
linear generator has high efficiency but was design with a simple mechanism for easy maintenance. It
is a clean technology since it converts ocean energy to electric energy without using any fuel.
Therefore it is one of considerable alternative energy source available nowadays.

The main part of the prototype is the design of three phase generator coils for generating three
phase synchronous electricity. The signals from the three generator coils were analyzed which are
compared with signal from mathematic modeling. The testing system has 0.42 m® working area. The
ocean wave was modeled using electric motor and the generated mechanical wave high and frequency
is about 0.7 m and 0.5 Hz respectively. The output signal of the testing system has about 12 volts peak
to peak with 0.5 ampere per phase. The experimental result showed that the electrical signal directly
related on the coils, gearbox and movement of the permanent magnet set. As a result, the output energy

per phase of the system is 8.5 watt.

Keyword: Linear permanent magnet electric generator, Electric generator, Linear motor.

L.Introduction

Nowadays, world energy problem is the
most importance problem since petroleum
which has been used as a major energy source
in the last decade running out in a very short
time. The usage of petroleum fuel is also the
main cause of pollution which introduces
global warming. As a result, researches and
developments relating to renewable energy
source, such as nuclear energy, solar cell
energy, dam turbine energy, wind energy and
etc., are the main interest in order to replace
the petroleum fuel. This research introduces
another way for the generated the new
renewable energy resource to use as a future
energy source.

When we think about system that converts
mechanical wave energy to electrical energy,
technical difficulty seems to be a major thing
to be concerned. The system itself is also not
worthwhile in the cost of construction.
Recently, many research papers have presented
a principle of linear generator system which
emphasize on direct energy conversion using
magnetic induction principle. Ivanova and co-
worker designed the 100kW permanent magnet
linear generator (PMLG) which had octagonal
shape using computer simulation in 2003[1]. In
2005, their works are focused on the PMLG in
deep water [2]. After that Rhinefrank and co-
worker simulated and built the 50 W power
output of PMLGB using 5 hp electrical motor
as input power source and NdFeB-magnet as
the magnetic source in 2006 [3].These
researches have been proved that this system
can be made and be operated.

This paper presents a prototype of linear
electric energy generator which can generate
25.5W electricity. The generator consists of
following components:

1. Stator which is used for the induced coil
support.

2. Rotor or Piston which is a permanent
magnet set (Electromagnetic gearbox) that
move upward and downward depends on buoy
direction.

3. Buoy float on water surface which push
and pull the moving piston when wave
amplitude changes.

4. Rope which connects buoy and piston
together.

5. End stop is a limiter for limiting piston
movement and decreasing crashing force
between piston and supporter.

6. Spring which helps piston movement to
get back to its mechanical equilibrium point
faster.

7. Support which is a base of system,
transfix the system to the ground of the ocean.

When waves travel to the buoy, the buoy
moves upward and downward depends on the
changing of wave amplitude. The piston is
pulled upward by the rope that connected
between the piston and the buoy.

The changing of magnetic flux (from the
piston movement) induces the copper coils at
the stator to generate the electromotive force
(EMF) between the ends of the coils. The
output current will occur if the ends of the
coils are connected with electrical load. By this
simple mechanism, the system can generate

" Corresponding author. Tel: +66 84 0550753 E-mail: umput3@hotmail.com



electrical energy without using any fuel. It is
also easy to maintenance.

The cylindrical shape generator for
converting ocean wave energy to electrical
energy composed of 7 permanent magnets. The
piston is driven with electric motor rotation to
model the wave motion. The stator has
symmetrical coils which are wrapped around
outside and encircle the piston. Relating
moment of the piston with the stator causes the
electric induction in the coils. The general
structure of the linear generator buoy is
presented in figure 1.

Rope
End stop
Stator Piston
Spring
s‘m

Figure 1: The general structure of linear
electric energy buoy generators.

2. Method
2.1 Electromotive Force Induction in the Coils
by Michael Faraday Principle.

When the magnetic field lines cross
through the cross section area of the coils
which has magnetic flux density changing in
times, it produces electric potential at the ends
of the coils. Due to the electromotive force
induced by magnetic flux density, electrons in
the coils move follow the right hand rule.
When electrical load is connected to the ends
of the coils, the currents is generated in the
circuit. The electromotive force at the ends of
the coils can be explained by the following
equation.

Vs == a (D
dt
V__is the electromotive force.

emf
N is the number of turns of the coils or
the number of electromagnetic gearbox’s
poles.
¢ is magnetic flux .

I is the time in which the magnetic flux
amplitude is changed.

Vector B and normal vector of the coil
loop area A are designed to be parallel. In other
words the angle between these vectors must be
zero. The relation between B, 4 and V,,, is
shown in equation (2).

V. = —A'Aﬁ (2)
o dt

Form equation (2), B is magnetic flux
density, the changing of term dB/dt depends on
the number of electromagnetic gearbox’s
poles. It highly effects to the electromagnetic
force V... The more magnetic poles the more
changing in magnetic flux density transient
and the change of magnetic flux g4/4; is also

increased.

2.2 The Changing of Magnetic Flux
Density at the Coils with Position of the
Magnet Poles.

The permanent magnet used in the
electromagnetic gearbox was made from
ferries magnet, ferromagnetic material. The
magnetic flux density is decreased by inversed
square with the distance between magnetic
source and observed position. This relation is
shown in the following equation.

p=2 (3)

r

B is magnetic flux density at any
specific position.

B, is magnetic flux density at the surface

of magnetic source.
4 is permeability of medium.

r is the distance between magnetic
source and observed position.

This research used the permanent magnet
which is the same type as in the general
speakers. The magnet was provided by Obom
Industry Corporation. It has 8 inches diameter
with 0.09 Tesla of maximum flux density in
direction of normal vector to the cross section
area.

(a) (b)

Figure 2: (a) Permanent magnet. (b) Dimension
of permanent magnet.

2.3 Sinusoidal Wave Equation with Motion of

Piston

From basic mechanism of this system as
mentioned before the electromagnetic gearbox
movement depends on the changing of
amplitude changing in upward and downward
direction. The characteristic of amplitude
changing in time is a sine function. In the real
situation, the movement of electromagnetic



gearbox may not be in phase with the phase of
wave traveling to the buoy. This is because of
4 reasons. Firstly, the traveling wave is multi
frequency wave. Secondly, the rope has
elasticity property. Thirdly, the buoy force and
magnetic gearbox weight is unbalanced.
Lastly, the wave amplitude is larger than
displacement of piston. All of these problems
can be solved by mechanical analysis and buoy
design.

In motion modeling, the linear electric
generator was assumed to have using ideal
characteristic of buoy moving (sinusoidal
movement). The piston has to transfix with the
rope, so the equation of piston motion is
sinusoidal wave equation. From Newton’s
second law of motion, the Piston displacement
can be explained by the following equation.

d’x 3)
i dfl it Fbuuy i ‘Fmd i Eprmgq-F;mp +: Fg
F,, Isthe buoy force
F,., is the magnetic pulling force

F._  is the spring force

spring

Fis the end stop force

stop

F, is the weight of piston

The buoy displacement is changed with
the traveling wave amplitude. Since the motion
of the gearbox was considered as simple
harmonic, the period (7) of the motion which
is directly related to the period of the traveling
ocean wave can be explained by this equation.

1
P ~4r’mx,, sin(kx-ot+¢) ' (4)
Fooo + F,,+F, b Fx

buoy end spring+ " stop

T isa period of the piston motion.

m is total mass of the buoy, the rope and
the piston.

k is the electromagnetic gearbox pit.

x is vertical distance between the
magnetic pole and the stator.

X max 18 maximum amplitude of the

displacement (Wave height).
@ is angular frequency of the ocean wave.
t is time ofthe traveling wave.

3. System Design.

3.1 Electromagnetic Gearbox Design
Magnetic iron pole (pole shoe) was
designed to maximize the magnetic field at the
coils and to decrease the air gap between
permanent magnet and stator (PVC pipe).
Without magnetic iron pole, this system has 12
mm. air gap. The air gap was reduced to about

1 mm with the magnetic iron pole. The pole
shoe design is presented in figure 3

1
=

(b) (¢)

Figure 3:a) Side view of the pole shoe in mm.
unit. (b) Top view pole of the pole shoe in mm.
unit. ¢) The angle of pole shoe that to constrain
the magnetic field

The arrangement of the electromagnetic
gearbox components was designed in a way
that the overlaid permanent magnets were
faced the same pole to each other, as shown in
figure 4 (a). This arrangement caused a higher
gradient field of the electromagnetic gearbox.
The order of electromagnetic gearbox
components from top to bottom are the pole
shoe, the permanent magnet and the separate
plate respectively, as shown in figure 4 (b).

— Main core

*——Pole¢ shoe

Seperate

Permanent
magnel

i

(a) (b)
Figure 4 (a)Magnetic pole arrangement.b)
Electromagnetic gearbox.

After the electromagnetic  gearbox
components are combined, the electromagnetic
flux density at the coils position was increased
from 0.09 Tesla to 0.12 Tesla.

3.2 Coils and Stator Design.

The electric generated coils design must
be related to the pole shoe design to create the
maximum magnetic field at the coils. The
electric generated coils should be designed
based on the electrical power needed and
appropriate with the electromagnetic gearbox
design.



In this research, mechanical ocean wave electromagnetic gearbox. The stator and the

energy must be converted to three phase pilot stator core are placed at the same level.
synchronous electricity. The main equation Figure 7 showed the components of the
used for designing the pit of the coils and the permanent magnet generator.

gearbox in order to generate the three phase

synchronous electricity is presented in Coili
equation (5).
T Stator
g=—= (5)
3a‘ Pole shoes
T is the pit of the gearbox "f,{?:,;;‘;:;;;“

d_ is the pit of coils Gearbox core

In this design, we fixed the parameters as

follow: Pilot stator rings

T, =90mm

a. =20mm Pilot stator core
So . )

3 Figure 7: The main permanent magnet
=3 linear generator components

Value % of parameter ¢ means that the The three phase coils is shown in figure 8.

stator has 3 set of three phase coils (3 coils T _u P U e i §oue ERERE R 3

4 3

with different phase in each coil) cover 2 zones - et L ‘
of magnetic pole. The dimension of PVC pipe e

mag 4 : w31 Juw )m J 3L 3 Le 3o ) e e
which is used as a stator is shown in figure 5. ' } $ e R e T 3
The stator consists of 30 coils for three phases. ! : : : : -
Therefore there are 10 sets of coils per phase. jujw i imiu i fm fwimim
The coil grove is 10 mm. thick and the DNERE SR S [
distance between each grove is also 10 mm. !

: , Figure 8: three phase coils circuit connecting.
e 30 Groves | According to Michael Faraday principle,
“I; i —— MY ﬂu the electromotive force voltage ¥, . depends

3 Al on a number of the coil turns, cross section
‘ H 3,»‘& area of coils, air gap and changing in magnetic
| i flux density transient. This research designed
h!h g e 4] | tht? 12 voltages three phase synchronous coi.]s

using copper coils number 27 (0.44 mm. in
Figure 5: The side view of PVC pipe which is diameter) and 540 turns.
used to be a stator 4. The one phase voltage signal simulation.

From Michael Faraday’s principle, the one
phase voltage signal of the coil with
electromagnetic gearbox condition can be
explained in equation (6).

NAﬂB d (
d

v . sin? (kx — wl+¢)) (6)

emf =

l'

This work used sinusoidal waves (ideal
ocean waves) as an input parameter to simulate
the output voltage signal. The buoy equation of
Figure 6: Cross section and isometric view of motion is shown in equation.p.
the permanent magnet linear generator. "

= X, Sin(kx — ot + @) (7)

Since the permanent magnet has Toroid
shape, the pilot stator core made from 3.5
inches PVC pipe can be inserted to the

The result of the simulation of one phase
voltage signal can be illustrated in figure 9.
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Figure 9: Graph of one phase voltage signal
versus time showing the amplitude of buoy’s
motion.

5. The Three Phases Synchronous
Voltage Signal of the Generator
Prototype.

The testing condition of the three phase
synchronous generator was setup to be closest
to the ideal case which is 0.7 meter amplitude
with 1.3 seconds or 0.76 Hertz period. This
experimental condition was created by electric
motor that is connected to wave motion
modeling system. The experimental result of
three phase synchronous voltage signals from
the generator is about 12 volts peak to peak
and 0.5 amperes per phase as shown in figure
10.

Figure 10: The result of the three phases
synchronous voltage signals from the generator

which is shown in 5 wvolts per division
vertically and 200 milliseconds per division
horizontally.

The voltage signal from the simulation
and the experiment are different in period
characteristic because inertia in the experiment
effected the displacement of the piston. The
peaks of voltage signals are increased and
decreased by the time period due to the
changing in magnetic flux density transient
from piston displacement which depends on
the pit length of gearbox and angular
frequency of the traveling wave.

6. Conclusion

The amplitude of voltage signals from the -
experiment is varied by 3 main parameters,
which are the number of turns of coils, the
cross section area of the coils and changing in
magnetic flux density transient. The time
period of peak to peak voltage signals depends
on the period of wave traveling to the buoy,
the magnetic pole setting and the three phase
synchronous generator’s coils design. The total
power from this three phase generator is about
25 Watts which is very low. In the real
operation, the system is needed to be develop
for higher efficiency. Magnetic material with
higher magnetic flux will be used and the size
of the generator will be larger for achieving
high power output.
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