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ABSTRACT

Caspian Sea is one of the most low-lying areas of the region which is located between
latitudes 36.34 and 47.13 degrees north. Its considerable vast area and depth have
provided an opportunity to gain renewable energy by different methods. This paper
analyzes the performance and mechanism of a floating wave energy converter known
as WaveStar, in the above-mentioned sea. Different parts of mechanism are examined
under hydrodynamic forces of waves with certain periods and amplitudes. By using
the frequency parameters, profile and velocity of the waves; and solving the governing
dynamic equations for the model, the vibration response of system has been derived.
The main part of this study is the investigation of the effect of changing the arm
length, float diameter, wave period and wave amplitude on the structure using regular
wave with Froude-Krylov force.

o



sk S 098 9 9 plaie Elosl iloannd i3 by Eloal slo el by o WaveStar 551 Jawe 3 ,8lee (oms) 2 f

e Sy hloss 51 plgies Lol cijls glid slaginns @
R e GG 0908 Shpeda o sy J>lgw o lag]
0P by gyl Al (epSes 4 ey L oaS
ol o Jed BB (5590 e wislgi ces Overtopping slaps
Lo glsel jeie (gaiols b a8 b 50 sl asls o
2 6l sl ez 2l Wbnee gee 6l Jlazial @
IV] s clin [, by

Gl e sadex o asls o 950 el e
@ x5 @l g ol sl Sk 4 colie b Ly
2 oodle o opilSe aties (ki il glbelSius
3 6 Sy Saend g o s (SSPSS ST (S
sl 5 sbeds slacsiiall glis  Wojlo opl bzl [Y] sl
il 0 S5 @ by glsed el @5l Lo
Lo oo soges b (Bl by o &5 lgloy b
ilgi g DS >l aSliee O o j9abst e (lpge 5l (5L
2 25 S5 il 5 gge (Sealindgied slag s GiiS,wil
bl slacsialy slass gl b Slias cal e oS5k
Jelo by osls alE ) OF ety 5l gaieon Gl
G5 Slade (gaiS ul slag s I (LO6 skt pleal oS
slaas O3l 030l sbadiges 1 0ged dewloe |, Jlaseiul
D] o5 o Ll 'WaveStar Jos sloJows 4 o5 oo

Sososte 5 Ll L akuly 5o G o W @ilddS glaans b
Sl o sl @l Gl 655 e jsb 4 (65,0 el
bl Caz 4 Y Coenl p) e o3l 0)lg glag i 05l
8 R g Coanl 550 iz ¢ Sbsb glssl Cov ojls slazel
R ROWPRER

Gl AT g 039 0L Jlems (6551 sladas slopjilSe (oS
9 ol Sl sl LB anng g Clidss gal>pe o Sl
5 Oledbl g sgame Jlews bl 51 G s 4 gy e ledl
S 0bigS Slays Glue 2 g sleiel LB 8 Lam 55 05290
3oy (Seabusg s slo b sls » b ows >k (Y] ol
Fhb el oy s bl Cuweal 5l zee S
gy sle 2 &lge 21,0 6550 oo jolet slaojle
IV] o8 o plxil dxa

Ls L by g leaario a colie bl o allie ()
ol el ALk 5L a4 WaveStar o, LSl 4 4>y
3,90 Oeys cwlin ol o Sole a4y o5lo oo 655 Joe
o gl 55l e Jlazid lp 55 sl o eolil
5 Jedon ol Gl s 5 8 boaalsl o e

! (http:/lwww.wavestarenergy.com)

¥5

O 5 Gk g bgy

doddio —)

T o by I s 4 bs glsel (5551 sl S0
Gl 95 mdynaas 6551 90 A Cad (@ ye p DlgslS
JB g gaudie «(+/F—+/F KWIM?) sob g (+/Y —+/\ KW/m?)
DT el golazel

sl Jlaseul Sl 1 los pund b 2 UL (b
sl o 5l ool olaws g wladl aswgi 9 B by zlsal
layT 5l (30 5 iloads @iyl 5 ()b alises slopslSe b (555
Wy las S 13 s lo e 9550 alejl Dygo & 5
» &5 Jlarl lopsdSe gealis ol Sen (selm 4z 0
Ol porde @ jeim gloel (6551 ingn £985 4 oL iy
ol el als s (550 sange Jlasinl oy oot
Too &)y Dladive 4 axgi b oassl jo a5 5 )ls 8925 Jleix]
@ i 555l Jlaxinl gz Jolite slapy IS 5 pealie
2 AV s il 5 (e Sl ©jg0 4 ame Ll
ok gaw )0 z9e 5l b lp 6oelod A ol >
ol 5 0S5 lul aaBse a dzg b oaS Sl Sezg
Ngd oo sanaib (goaxie gloaius 4 (5l sla o
L#1alle]lv]

byd 2SSy e e Glnl j5iS eS U le cpl o
G (Oles 5Ly 5 )l mlS) e 9 (35 by Jleb
Sogb @ Sl 0355 Wl glsel 551 Jlasetul yo Slwis
Ole @ glael @5l Vb Jeily pom Ll b sbye
FogeS Y. g e TYF colun b e ozl e (05385
Dy Gad9> )3 yie Ve BVA 0ga> Ges by e
B OIS Gl ol & 4 g ol Ktagh a2y e Glizes
IVD el s 5

B S,n sz b K oalad gleesls 4 a2y b
IAL s )ls g9 35 slys 4o (o 4 sl ) el sloay jie
bl o g3 G805 oliws salie 4 iz Gl (nl
L ol 8 YL ol b slagse slml cel 5 [V] aS e Joe
Ol g el Dlge S VE dga> o Lo (pl lawgie olg .ol ool
Sl gl S Yo azg BB Jlade 4 Jlo Job o o s
AT\ YONPRN SN P POU [N o PSR R TR | ) VN
ol DlggheS Vo B0 o (lad Sl o) e angie
Elpe Slaxl byl sloysiS olgiwl gblie jo 5 all oo
INT aile oo b glgel (6551 Jlamin! 4 pladl sasie g0
57 (el 5 L) 255 S I Ly bye
b dolold Slpgas 5l ooy Cohls a5 el Slacgls
Sonl pf)sle nl 2 ogdle Syl by &S 4 Jate gl LIS
S S F il oo 5 IS el a0 ol Dl



OO-F8) AB Ll 5 Jlos (YTl Jlo db 5 (covign s 55 /o) Kot 3 Sbls gy gy

Damper
7.\ Shock absorber

waveStar ;e S8 gles -V S

Juail 5l (o) 290 S0l 398 o0 oamlive N JS& 50zl
s ol jome 4 ate o5 5 polee b 4y Sl
69— a8 Dpjoar Si—adb ;b ol oa b LS5
YL 50 S sailyinl gl )| 21 ol 55k ,ha8 Dgubmerged
oSl o 51551 YL ol elasylh Logil Jsbo d Sl
olwss sagly s U 381 L gl (Sl Jolss szl (Y MWL)
e ;8 S 5 00S e Sy 4G psb 4 el Sl 5 550
5 b oLl ;g az e 58 61y PTO g lgie
0555 ol e 485 15 ooliisl 550 ojls 3 zge LS il
So3le S 5 Glogi susly 5 0o solil Az Sy sotrs
219,55 2 Glopg comal 5l (6551 Jlazinl jo (b iz 4
|

Jos aw s cobe Ly V¥l & 0 50 0y Oledbl 4y ax g
Sl L L5 390 fnys5 (5p900 45 (VO] x> po j0 o il
faiog e0gad (Byl3 wgllas e Yo e b glacs jo 1, 8l
b Ll 533 sl 50 69,90 saiged slp e Vo ol Ges
5 yolT olStils Slinios g bawsgs o 425,515 4 Lol ke
Lys ST (5955 plp 5o ax g BB Caglio bl i3 & [VF]
5 oW s Sl iz w00yl (Solns glo i blie [0
Sty IS S a5 T 5l g 0 S (end 63Y58 3l iz
o3l il o OF (JB 51 e il sl gz 4 53k
s bl JB g s

v

gleel cov ol Lalw)) 5 (Selus SVYolee zge sy
23,5 o0 ) Jae sila)) Glaguly g 2l sl ouls (giloans
phie zlgel Glasio 4 colic b oojlu  0o)ly slog i a5e8
sl oy a5y oS gl 9 Sl (695 90 i oS
2 ojle g oo,y slrg, Hlade Wleads (gilw o Bl S
Sbul Glewl (zge Sy 4 axg b oatae Sl sleosl
JP ey cos oS oyl pald 1) i) oline slagly
i 5l g 508 ) el oad gluans MATLAB
5o WaveStar Jows o ,Sles )0 o5lw ol 5 Lo zlsel slo sl )b
398 Ol8le 5 5l gt SIS sall Ly Jshe ©)90 4

WaveStar ;! Jowo 8 y2o Y
bgs )l i WaveStar 65,51 Jowe & powse Oljgas
a5 8y o =1 b AalbOrg o8 isls Blidims gl
Soop Slies O yge & WaveStar 5,005 Jow .cwsl says 5
9= slooslw )90 a5 655l bt glaodlr (Lo
8 o s 51 5L IS ojlal 4y elis Sl Ll cal
4 W15 oo 58 byo el (e (S a5 65k 4 T o

DYl asbe ol o3l
ci a4y ooyl hug an a5 s (s, g0 ulal s olfs
S 0,18 48,5 sla GBUL L wlowys )5 ade 5 Jate (55900
S5l Joe (ol Cls c(goly (a8 5o ooliinl 550 g, arlie
b 59155 9 Sl Jate (93155 S 4 0nis A S &b
2 basadl o) Job Blas e sl 00 jo (0,5 4 eyl 4 )
sl Jlail jl i 0 Sloe o 1l 5 @90 Jobo biie
Olgd Hemme S () Syge an Sl g ol (goaee
Camols s j3lis sl s ysee plSin ol 0 S5
L cld e 5 (i g anled (oo <852 Y Cans @ (55l
03,5 e 553135 el 0 CS a4 czge w5 Slygs S5 >
g Lop ol il cid (e Cepu i S e & Sl
DBl e LS5 ols g 98 oo JAB il 4 Jate slagle
5Sles cwyp 300 45 9, i sdllie &5 cndls o cpl Y]

el WaveStar slojlu o 3l asls S

4S5 ams oo Gl | 0l (o 2 (6990 SgeS a3l N JSB
wol jo jsabee WaveStar ¢ 30l 51 (6,50 ,00 b Sl o1 o
Lo glgal Cooms 50 )ls (Salinsg o slag e JL3 0 S L
5 o 8 ez Jold ojle (ul 031 (oo 5551 Jlazeinl 4
slalgl O YL 0 aS 05 ped Siadl g 550 o 5l St
il o el o yd s 4 a5 glasly 5o s )3



sk S 098 9 9 plaie Elosl iloannd i3 by Eloal slo el by o WaveStar 551 Jawe 3 ,8lee (oms) 2 f

1'[/2 a pF21
Vsubmerged = f f f r? cos(0) d@drd(p
@ “0 Y0

n )
2 3 —
_ @ sin(¢) | 2
Po
sin(@o) = (&= Noubmergea) hs‘:merged) *)
2
(asubmerged)2 + (a - hsubmerged) = (a)z )

hsubmerged MWL 51 V0 a0l el h 5g8 Lalg, jo a5

Sy9abge > Vsubmerged ! 2 Sl (g)5abge gl

Bgdn ol pjalal; il Jade Jo> (Sebiul ol )
Z M,=0- (m"g. L/2.cos LF) + (mg. L. cos §)

- VSubmerged- Pseawater* & L.cosy

n

)

- VSubmerged' Pseawater = M + 2

oolaiwl (A) salal, ;1 6og38l P Sdlbw sly Sb 5!
prr were Cp g of I8z P osgidl o T 50 o oS o

A e /0l [V o] g 50 b ollae a5 el 0038

m' = pCapVsubmergea = 950 1( 3a* — 2al + 61%) Q)

il (V0 galaly 513 4 55k Jade Joo (oo yal Olow
, 1,
I=(m+m)L2+§mL2 )

ol 0aal ¥ S j0 a5 yli> Jows heave ;g e o po
OV 51 ool b g5 Jowe sl Bl s go5ll ay iy

Sl (5 y94bse glad Asubmerged O )0 S 99 5 0 dwle

QRD;

2
Kseawater = Tasybmerged- P8
@l 9 Sasb Sk

3,92 S sl (PTO foarns 5O CDamper 9 Kshockabsorber)
A L &5 (eiwd jgaboe gl goas loaSs sal L oojlu

2335 o Jloel pitn 4 il S g ] (rnb WS 53

e akeils ol

wlpe ol

A

O 5 Gk g bgy

Jouo (Sooliy 99 0 9 (S jd Clasilio gl ysuiw! - ¥
S byl g0 4 by lgel 9 (555

Sy oei sadgm 5o VY] s 5 bl ldllae ol
g 4B A JIY o3k 53 (T) goe o9l 0)99 (Glal Jolow) 3>
wilies Jgad an diay ;e ¥ U /0 o L (Hs) zse gl
DAIIY] cal ol

Ao by e gase )0, by lsel don 4 axs L
slaosls 51 6,5 5Sle 5 SpdyCanges wojs (8F
sl giladan pgo 518 4o (69,5L,0 5 yolu lele  Jlaseul
Sz WVOM 5 05 o5 @ zge ] 5 092 5 «0ll slobyyo
27 by S w03 Bld (o) n 0590 sig0d ) anllla
ol I s lalesl 51 i 08+ g/IMPaga> YO'C lams slos
Sgzg Jskae b po ol sl Sz ke onl el Bz slal o
DAl cal OF s Jglme SO 5 Ca2° M@®" L5 polis
A aib S L s ) - YoKg/m? ofT lacT o sl JK>

20,8 oo glsl (V) 5 (V) kg, 5l cosyo g5k 9 Siidl o>

m = 1900[V}-Iollowhemisphere + chlinder]

2 QD)
= 1900 [gn(a3 —-@-D3)+n azl]

m’ = 7850[Varm] = 7850[n(r? — (r — e)?)L] (x)

> VHollowhemisphere «Scb py> M (V) (akal, o
5 wlyil plon sl o] @YU liol oo Vegiinder «Suidly
el Szl gles @

Jsb L ( JB5 o5k o> Varm 95l ey slade m” (V) yo 4
Sl g3b Cuolses € 4 950

I Bz 5wl ik 5 Stall gsome JBRr oS sl oy
oz P ol e el Gl ) nl el S Lo
A Al Cowd (V) SYolas 4 >1hb 5L

m + m”

\Y/ < pSeawater -

1900 En(a3 —(@-D3+mn azl)] + 7850[n(r? — (r—e)? xL)] )

an@ +m azl) + (mr2L)
= 1025.560

< pSeawater
abuly 18 4 Syl g (Ssliwl Jobss sl ol
@ s (Solusl Jobs > o Sall (59abse glads 9 (F)
4 (V) J©) gldal, > 5l g atil S o5l py> loie

o OMT Cawd

h— (1 +a- hSubmerged)
L

9]

siny =




OO-F8) AB Ll 5 Jlos (YTl Jlo db 5 (covign s 55 /o) Kot 3 Sbls gy gy

Lsyls (Bolas cale g aitens plaie ol 5l (36 (8l sl
ollp laosle (b g Jebou Glatg; 2T 0929l
T los,s5 @dly ,o [N s olais zlgel i
G S oo Siledie (oo K2 |y (Bl lulyd ol
ol (i Culd ) (pwiige Slaal 25T 6l o8 cnl 4 b
S oghe glyel Dlaslre ;o sl plite oo 55 VY]
B cwl Sul of Goe g zoe Job b amlis ;o lag] elis)]
S il (65958 FE30 lomlna sl o5 Sloj [V ] 59, 0
Gos plp Ve o9 il feS pladsh oS (b glgal 5l s o
d9 oolid (Sl plite zge 6y58 5wl cwl O
P Gl Ken o WS cle a4 S ojle 4 [YY]IN]
Gos &5 sl 2ol )0 (55585 (nl 0 )15 039050 Gas o5
ol i LYFIIYYT el oY sgas 5l 55,5 o] (oo
S5 ol 1 slacsle (b o 4 s lgel 1o Ysane
IVl el )35 008 oo )8 o v

Sl 695 4 Cund &5 WSl (5,55 ol sla Tl (S
aels slp 67555 ) (6,95 (pl &5 Cel (b el 5388
Oles &y 5o awdoe Wil s nl 65555 b amlis ;5 g0 g
WS oS el (2lgal 59, p Jloel BB sl )95 S
odd ptd 3380 slas,e8 Lawg axsl L oyl ZU gatels
Olges bl ol IVl wsls sl aoys S 5l el
45 d9ad pazieo | oo Job r (oil Cond polie I (glosgae
T 6,95 el Caws 4y gl 94,0 el wogaze o] jo
ol gade ojle a4 bl asly Jed BB cds (6,
Fdes sl o pSenul 5 gl s 50 5l S ol
YOIV V] codl zge Jsb 4 £l )] Cons (Gols 8,55, (y9omen)
Fob /70 5l i mee Jsb a0l )| o il 4
Iyl o5 oolanal WSgiul 5,65

Foolial by (60,90 digei goo sl Sy 4 425 b gy ol
Gy cmlio 5,55 [YE] 5 [VF] anlye jo oais ools sla logas
bl pomy e Seel 608 i goe il
G55 @ Sad S5l S 098 (6,95 (og alblime 4 Colie
I Seadl 555 Gbyo glsel Sy gy ik a5l 5y
Gaels Ssiul mse 6)95 5l oS anle jSe (598
I a Iyl 5l OT @l ot 5 cepw WSB 5 88 sloailse
08 dwlze (VF) 5 (V) Loy,

Uy = 0.093 [?],vo = 0.025 [?] Ov)

Uy = 0.118[?2],\/'0 = 0013 [?2] )

¥4

F 4. Kshock absorber

C Damper

.
R }\ CWaIer

08 038 0y e (IS slols - Y JSCl

& Sy ulS 3 Vgl a5 Wigdige (b b sk il ola
G a Seall Glog B asl o5 ojle b (W58
Fesd plog ganels (Gl cunne g ol S5 Wl
boloe wil fS Sopos il 8 5l ojle (b (W1S58
33 I3l 1) o S5 e PTO it 55 23 (53933
sl ol ole 51 Bt 038 a5 Sy 55 4 b
wils (B b & Sl 0,93 n 5l 6 pSelr 5 Sllug S8
a5 oo aalg> 05l PTO piews ;o 0uisST e 5l oolanal & 5L
b sl o (@) (Sosbil Jols sargly Ll 0ss oy b
g blie o LU sl ansls 1) iy olog oSl Seall
sl asls 1) p3Y Cuslie zge B,k 5l 03,s

OY) alal, 51 (@p) o5l (crmb (S8 5 (W) S 205 (iS5
g oo Jol>

21
w=—
T
©. = jKCaspian Seawater* L?.cos?§ _ npg. asubmerged'cosw
N = =

I -
fm+ m' + %

Lol o3l rds WilS B Wy 9 S8 WS B w Gl jo AT
a5 6Ly 69,50 g slp ojle calin bl Cud 5 pos

(V)

A dale 3 418

a=3m,l=06mL=10mr=0.5m,
e=005m,h=6m

St Sllug GBGl slo)l cozr 4 Sl Jols sl
dlp ool ool g iz 4 axg L FFC sgus B oojle
el I = 28.31°

4 (Sl 635 had e @l celin S SLH
sl olleg Jpus jshie 4 (PTO) (S8l 55
e SEl 2 e Bk 510l slag s sl

T $o95 Sl 4 (63,90 diged zoe Sla Sy 4 4 L
aS ol Ry .M}‘J){.‘SA z Silvdas ¢l el plate



sk S 098 95 9 plaie Elosl (Siluannd b 555 by Eloel slo el by o WaveStar 5 5l Jawo 0,8lee (guiy 2/ oo 5 (SLlS (chwrss by

ey s Jaizl glos )3 S sl ploy cms p e
4 0l > » Eloal 9 5l e lidS g sl
©9)50 S¥ges o8 gl -V B A=Y Gl IS s s g

ROW PRI 2PV COS R OV VI

4
E
w0
®

-1 - - - - -

0 5 10 15 20 25 30
time[s]
(N
20

[Degree]

20 5 10 15 20 25 30
time[s]
(&)
0.5
o
‘S 0
0% 5 10 15 20 25 30
time[s]
@

IN.M]

0 5 10 15 20 25 30
time[s]

()

Oloj > 32 (551 Jouo 8,5oe - ¥ SO
(o2 54y (S gl (63955 i oo Elgal) T Judg 5y (A1)
(3595 3 J5S) 93L slwgi agl; ()
934 slagly <y :(g)
93k 2 9)lg 59luis :(s)

Sgip CoU e Jedgn 9 oo ovmlin AII-Y ISS 5o oSSl
opl el oael jo Glug 4 e VIVO Job 4 olis )l g ast O
P Sl g 55k Slleg agly s Cll plate o5 >
YU 0l oe palp b Sl 3 g leg syl slaast
et Ol B sl ol il Jlasml 0555 5 J 7S S @
s> e Seelasg s oy, 5l (AU il lasly wllug
e 20 5 oo oamlin a5 plissl Wil ©pe g5k Jate

el az )3 VEIVY 5506 Lyl 10 cod Glug sasly (saninn

Fosbe 2 3)ly (Sesluogyaen slagyd o6 5 (88l sloadlse
4 S ,5teiS 5 @B (Bl sl yslisS saddse 5 (V0) salal,

LYY T T o cws 4 (V) 5 (V9) slaalal ) 5l s 5
CZ 9 C1 ‘rgjLQ 9 619‘ szju w‘fa CV 9 CH cJJQ h—"j) )é

FX = CHpV [UO +C1 (ka)(L)VO]

. VO
Fy = CypV [Vo +Cp(ka) wug] 08
M; = Fx Lsiny ,M, = F; Lcos 12)
MO = M1+M2 (\V)

&l yo 0als &lyl sla loges 3l oolaul b 55 Ol ol oo
D9 oo s o8 4 [YAL o [YV]

\A)

KN. S]

Cseawater = 23-677[ m

=l ilwancd g o3l WLl )l Soly s galoleo ¥
ojlw Slas

Ly analai ool polie ojle 5 ol (2S,0il slag s a8 Ll )
Glp S o s ol polie el Sl slasg p S
w0l 55l Wae g p Sy lag s (Seelus Jolos
et j9abse (il Sl (Sealins gaslas (rpns

Dilass Lame 33 st o5 5 eslinul b dlasliy 5, ol
o9 o)l g (Seelad o Sas cin iy o> MATLAB
—95,8 Say 5 phie zlsel los,e glw o L WaveStar
b anigojle g O 5 00 slagyd et slp Bob S
$995 55 % 525 plato glsel (slacs 5t o ) 45 ol 53 L
J> lr Cole 5ol oald LisST ooy e 1o S gl 9 6 0
Bski S 992 69 3l @A Slag s Cou (LBl salolae
] 00l 00laiw] MATLAB Jl58le 5 0 0de45 [giws o
5zl (12) alal, Gob ojlo Slil,l Seoliys saloles
Ao ,5 00845 Slee b o )lg

Ii[’ + CTorsion,eql]J + KTorsican,eqllJ = My el6-ob) QRY)

Oless (2l o 2 Crorsioneq @)l (ow ! Hloe 1 ()T » &S
pitch e (25w < y& Krorsioneq 5 35k Jate Js=> pitch
Jy> B e s @l curd) el gk Jate Jo>

(534 Jate
s S Ggb 655 90 v ond lib b gosle wlibs,)|
4 ol @l o sl ad S 13 Lo 0550 555 e (saslyy Loy
@93t Sblugi sasly o3 by ol gead Juo ddgn &)j50



OB-F0) ABLanl 5 lge (VP homoglso Jlo 9 moiign a0 [ fSah 5 UL (i by

max teta
[Degree]

60
50

_ 8 aof

59

O, 30f
20
10 s
6 8 10 12 14 16
L[m]

(©)]

S5 Jso 3 55hos 3 93k Jobo yadi 36 - F JS
93k 52 3, HgLdS (2 il ()
g (3t gl ()
el o i (g)
Joli sargly (o)

il a8 sl oyl 2o 5 G- ¥ oS 40 azg Ll oaiSs
ol g ead olmle g Copn ain a8 cel g3k Jsb
ails cwlio WaveStar sla e Cunle Jdo 4 Canl Ko
Ol 858kes G095 § (yg5 e 4 s | e > S 1A
Jie olaie 4 0905 St Ol oo o] Cawdy slo,loges ]
So 93l pbmlr et Jo e 5o 9 Vb jglesS sl S
W (I gosguzme 0 wilgioo g3k ainge Jsb 28L Gl
9 ol sugls g3k ok (il b el (o w00 5 DLl e
5 G i A gon loaSS olms g jglet 9,55 Jlens
(0% JS8) wb oo il

ol p Sl jolid b s b 4 byye b & S
2o oo 0lis 93k Jsb o9 <l B AL ) ey (S5LS)]
Scadh Ghd wuliEl Loas ogd oo canlie &l -0 G
OOS e VB L oSy ok s o a3 93l @ (Jlosl jgliss
oyp Al cwl sl ply O sgax ead 8yly HgliiS ]
A8 Gl o jlgen o Coul cul goaies (JLiS un sl loged
&5 S bogib pe Sl lagy Copm i 4 e Sl
il S Dlpns b Sl jhad o sl g 05 waless ool
B8 Jledgazme cnl jo (aled jo Wiz o o ls b s salal,
aazie 93 0 Ol jo j5absd o8 glad o8l b Sl

O

LS Slss o -V KA 5 S Dl lie g -F SO
9 pri A Sl oo Jedgn A Ay Huyg p o)l
Do oo L Gloy e 1) Boly ST 09,8 (59,

Ap Gl Jo e (Jate Jo Jlesl jslins anin
] 0] s 43 AOF/Y [KN.m]

&= 9 03w raxio 5 yolyly pundi 3l gy 2 -0
G35 Joo 0,5 dos jo b y0

o7 by olasin b casliee WaveStar gojle >l jo
2 by g oke slamally o i 2l e 2 pde il
5 Jlazetul Gl Bl sl 5o 6551 Jome ainte 3,5hee
Jsbo plie yois 586 s 4 el 33 5; ol ) emtan
00 Bkl zge gl g 0900 5« Bib 5l Hgld JlS 5 g3L
0S5 ol g el S yaei b i ol o el o azsls
@ 1) ps (S35 Gl cojlu b gge Slasiin plo il
el 00 00 591 s @y Ol i oy

2 93k Job Oldi () 4 borpe ol ¥ USS ladl S
o0 b gye Sy # Sl Hhab b slojle ool gty
s oo Hlis | e Voo Bes j0 e VYO gl )l g 4l 0

93k Jsb il8 b ogd ge oo =Y IS5 j0 a5 job les
oL ol g boe Gl (b & 50 4 ol 4 e ol j5lss
a5 Gl g i Hliid Jlasul glp a5 canl (pl (goains
P gy crl 5l (S Jladie aeS” 3 L ol sl
Sz 9l Job Gl Wlgioe (sileante slayelly (n e
A8l g b Jlasinl

x10°

1.8

max Mo
[N.m]

Lm]

(&N

0.24
0.22f
2>
S 0.2+
o7
£3T 018
8= 016
£
0.14F
015 10 1 12 13 14 15 16



J}J"JS .55)5 S99 p—la-m Cl}"l é)Luw l’ )}5 Lglg)é Gli"l L_S‘Lb]..nle o WaveStar 6)]“ J.\...n Q)S_LQ.C L;“")J‘f/ OIJL{@ 3 @LL_., g;“"“j‘ Ly

Szally 5 e 2elS Jobs sausly olid b Sl ) e Gl Gles gl S s sads jolias
0ad)l0ass sl b oojle Sadl 0,05 0 sy BB LSU (-0
I goga> b &‘93‘56 BOIRY I IV 1| BRVE V- L RY o
S S el il slas e
‘.‘u N R 27
2 b gl sl oy90 Dl 36 cw)p 5l Jol> mli s
el oads ) 5 —F b all -5 gl JSs o il ] by 8z 1o
i
3 10°
0’55 515 é G.‘5 % 7.5
Df[m]
= (e1])}
&
£ 0.5
>
‘ ‘ ‘ ‘ ‘ , 3.
04 45 5 55 6 6.5 7 75 o) %
Tws] <&
£
(AN
0.6
05 5‘5 é 6‘5 ‘7 75
> 0.5- Dffm]
37 o4
23
>(é.: 0.3+
£
0.2
0'14 4‘.5 f") 5.‘5 é 6.‘5 ‘7 75 ST
O O
Tw[s] =< o
58
(<)
35
Df[m]
38 @
58
eQ 35
. ) ) oy 30+
5 45 5 55 6 6.5 7 75 =2
Tw[s] s g
=)
25
@
30 ) ) ) )
205 55 6 6.5 7 7.5
291 Dflm]
T ol
£ % ()
Q, 27} )
»l G3 Jomo 0 p8dos g yglads plad ot il - O S
| | | | | | 9L 2 95l HalelS oy iy (A1)
254 45 5 5.5TW[S]6 6.5 7 75 L.AC).»A o . (u)
©) lule o i (g)

“ Jolai gasgly:(d)
S Joao 0, Sdos p Zoo gl (50590 Ol ki Jili - £ S

3 2 )y J9UedS (i yiden (A1)
3L ASL D)) o &‘}é‘ s )LQ_BI Q‘?@C—as&fﬂ‘—a la S5 s lia L

(o, yiias 1(2) i
crge e by gleel U cod Jae bl jlade ain

el oy oy (7)
Jolss (g9l :(2) boawsoe glas o -0 IS8 098 Jlazal (5551 sbs]

oy



OO-F8) AB Ll 5 Jlos (YTl Jlo db 5 (covign s 55 /o) Kot 3 Sbls gy gy

30

291

28

phi
[Degree]

27+

26

25

Hs[m]

()

65591 Joue 3,5hos 1 zgo £, Ol s 3B -V JSo
93k 2 3)lg Ll (2 yiden ()
A ot (g2, bl 1( )
el o pidas (7)
Jol sagly (o)

T30 695 ahey 4 ojle 5 O IS gy coyE Ll
et $2me ) Bl S 398 (55508 5 ey AT e S5
Ll 5l asl pods bys gleel gl az jo a5 Wl o Cass
s3biS 5 onal vgzg @ laygly Ce s wjle plmlr Gl
aade 5551 Jlaminl Sz Gos St 0 Shes sln sl
S 2l lsis Lz -V I Gl Y S) el alis
90 F USB) Can a0 1] 5 052 31 Sl il Jols s
(=Y G

5 003)5‘ la u‘ysa ‘) o U”‘ aS o)b S9>g o)|9:v..) Lv o)'L..u
Oz &S Cal sy aldl a5 il g cnline (655 Jlasisl
23 olSel Sloe )35 sbys lp ik oo slassn 5 elis)
byo el o a8 cul G ol 5 s Jlews ] polie g oogs
WaveStar  po,e o,8lee U ol oass conlin (ST a8l o 3lasl
23,5 sy Ol @l 5 45 )18 el 050 aily glsel £l

& S am -7
cou WaveStar o9 p5le o SIS Lol e o
lals )| mwly aslol jo 5 oals Juldow 35 sbye zlsel Slasiv
2 e S48 Sl plite g0 (5595 Cov glgel @ ojles
alolue g &l laged CIB o zae sl il )l Gamlne b
HleiS Al Sl 0ays Szl el ole wlils )| (Sl s
5 0TV [kN.m] oy Ll J> cos Jabe Jp> o
el 00l G 4 VEIVYC Loy (saugly Ol s aiin l5ue
a 3,ly ,5liS ogil Jsb [l b oS wes pe plas B
Sl Gal38 ] 2 s Gl et 590 4 e

oY

o Sadl ki g e Ve pln gl Job &S P S sl S s
uo)._SJ_Mc \/V(b )'"‘)"5 U_JLJ z9e al.ﬂ.a)| W) M;J.“a) )Q )....o
O)LAAJ P C‘H‘ g_;jl.u 0,90 ).M.u )‘ (5"“‘[" U‘J:‘ L@‘_u b ol ons
3,lg 5ol o lge2 4l VIO JIF so3l yo gl 090 iulsél
e Gl g5k 4 oas

5551 e 8, Jelons & g 5 35,8 (6 3 sslical b ol
30 35 Sen 45 (o> el Ceow 4 IS > 5l g CSlo
S 93,5 azlge e bacs b cnl 5l eslitl o i o]
GS S ol lei oo 500 o loges 4 az g b Ll 4z
bl ol RIBI L cosls s0)99 5ok cnl jo a5 o ST, (IS
s> Oje a5l abmlr 5 Co e 65 Jlazillade
(-7 N o-F J8) b oo il

56 (0 4 gye @l 55 0=V b W=V sl IS8 paieon
Saiges WaveStar Jo—oo oliles )l o Ly yo zleel glas)l s
Too 392, bl 1o a5 wims o lai |y je Yo Bes ;0 (63,90
A8y e Vel gile Job g oad (58 4l 0 pln g il
Sl 0als a8 )8 las o e £ Szl

25

max Mo
[N.m]

0 0.5 1 1.5 2 2.5 3 3.5 4
Hs[m]

(&N

max velocity
[rad/s]

0 0.5 1 15 2 25 3 35 4
Hs[m]

(<)

max teta
[Degree]

0 0.5 1 15 2 25 3 35 4
Hs[m]

@



sk S 098 9 9 plaie Elosl iloannd i3 by Eloal slo el by o WaveStar 551 Jawe 3 ,8lee (oms) 2 f

7- Alamian, R., Shafaghat, R., Miri, S.J,
Yazdanshenas, N. and Shakeri, M., (2014), Evaluation
of Technologies For Harvesting Wave Energy in
Caspian Sea, Renewable and Sustainable Energy
Reviews, Vol.32, p.468-476.

8- The Direction of Sea Current in the Caspian Sea.
Available From:
(http://www.caspinfo.net/content/content.asp?menu=0
130000_000000), [accessed 13.07.16].

9- Wave Height and Height of Caspian Sea. Available
from:  (http://www.dmi.gov.tr/en-US/marine-metu3-
detail.aspx?b=Hazar&t=H&s=03&g=p#sfB),
[accessed 24.06.13].

10- Mahmoudzadeh, K. and Jafari, F., (2005), Study of
Caspian Sea and its Circumference, 2nd ed, Dabizesh
Publication, Tehran, Iran.

11- Barstow, S. Mork, G. Lonseth, L. and Mathisen,
J., (2009), Worldwaves Wave Energy Resource
Assessments from the Deep Ocean to the Coast,
European Wave and Tidal Energy Conference, p.149—
59.

12- Marquis, L., Kramer, M., Krimgelum, J., Chozas,
J. and Helstrup, N., (2012), Introduction of WaveStar
Wave Energy Converters at the Danish Offshore Wind
Power Plant Horns, Rev 2, International Conference
on Ocean Energy (ICOE).

13- Kramer, M., (2004), WaveStar Energy, WaveStar
Bglgekraftmaskine 1:40 Skala Model, Denmark, n.d.
14- WaveStar Energy converter. Available from:
(http://www.WaveStarEnergy.com), [accessed
13.07.16].

15- Kramer, M., (2006), Numerical Modeling of
Oscillating Body for Wave Energy Extraction,
Technical Report, Department ~ of  Civil
Engineering,Aalborg University, Denmark.

16- Marquis, L., Kramer, M. and Frigaard, P., (2010),
First Power Production Figures from the WaveStar
Roshage Wave Energy Converter, 3rd International
Conference on Ocean Energy, Bilbao.

17- Iran Port & Maritime Organization, (2003), The
Second Phase of Sea Wave: of the Caspian Sea,
Administration of Coastal and Marine Engineering,
Iran. (In Persian)

18- Golshani, A., Nakhaee, A., Taebi, S., Chegini, V.
and Alaee, M.J., (2005), Wave Hindcast Study of the
Caspian Sea, Journal of Marine Engineering, Vol. 1,
p.19-25.

19- Millero, F.J. and Chetirkin, P.V., (1979), The
Density of Caspian Sea Waters, Deep-Sea Research,
Vol. 27, p.265-271.

20- Lotfollahi Yaghin, M.A. and Ahmadi, H., (2011),
Dynamics of Offshore Structures, University of
Tabriz, Tabriz, Iran. (In Persian)

21- Dean, R.G. and Dalrymple, R.A., (2002), Water
Wave Mechanics, University of Florida, USA.

22- Sorensen, R.M., (2006), Basic Coastal
Engineering, Springer Science, Business Media, Inc.

Of

O 5 Gk g bgy

4 gl palp p5 1) Cepe g obul aan ualS
2 by zee slaylb b gL sage Job 4G ,eb
Sl ol pe VY (JI sgas o wile oo

L oaS oo ple a8 Ojso oo, n b nizes
D 5305 o5l 4 acl glisS oSzl b ol VO ol
ol Gl 3l oo 5l 5 Jobss sayely mals auS oo ) ol p
& Sl 4 azg b oS cwl Of o jsabse Szally
St b ol albelr g 93k peu Sl lasly Co g Sl s
59938 b 4e53e (go3b yo cules jo Lol cannd LSy Sl a8
5 oy HoliiS saasie 93 o 0T o jgabse oS glad
b oo gl plag slagly e e

boaosls goys0 sl Livgh ol jo S5 0550 (gedgaze yo
95k el g Ce (65 Jlaseil jlade jalil ol ol
Som Jebov 4 axg b cpeizmen b o Gl s &g @
Wil gaidy L) glgel i)l 4z po a5 b rne gge oS
Floel jsbeaS 5 slasly Co e plmlr Glime Ll 5l zlsel cnl
Fige aicin o5 Jlaxiul Sz Gy Gaine 0,8es 0

o5l wals
1- Mean Water Level
2- Power Take Off system
&zl -V

1- Villate, J., (2010), Situacion Actual de Las
Energias Marinas y Perspectivas de Futuro,
Seminario Anual de Automatica, Electronica e
Instrumentacion (SAAEI).

2- Fonseca, N., Pessoa, J., Pascoal, Morais, T. and
Dias, R., (2010), Design Pressure Distributions on the
Hull of the Flow Wave Energy Converter, Ocean
Engineering, Vol. 37, p.611-626.

3- Andersen, M., Argyriadis, K., Butterfield, S.,
Fonseca, N., Kuroiwa, T. and Le Boulluec, M.,
(2007), Ocean Wind and Wave Energy Utilization,
Proceedings of the 17" International Ship and
Offshore Structures Congress, Seoul.

4- Falcdo, A., (2010), Wave Energy Utilization: A
Review of the Technologies, Renewable and
Sustainable Energy Reviews, Vol. 14, p.899-918.

5- Clément, A., McCullen, P., Falcdo, A., Fiorentino,
A., Gardner, F. and Hammarlund, K., (2002), Wave
Energy in Europe: Current Status and Perspectives,
Renewable and Sustainable Energy Reviews, Vol. 6,
p.405-431.

6- Lopez, A., Iraide. A.J., Ceballos, S., Alegria, 1. and
Kortabarria, 1., (2013), Review of Wave Energy
Technologies and the Necessary Power-Equipment,
Renewable and Sustainable Energy Reviews, Vol. 27,
p.413-434.


http://www.wavestarenergy.com/

@O-Y0) ALl 5 )l (Y¥)eo03lgs Jlo by cwaige 4,25 /) ) Sen 5 UL sawss by

26- Wilson, J.F., (2002), Dynamics of Offshore
Structures, 2nd Edition, ISBN: 978-0-471-26467-5.
27- Kornev, N., (2011), Ship Dynamics in Waves,
Universitat Rostock.

28- Larsen, M.M., (2013), Time-Domain Simulation
of Floating, Dynamic Marine Structures Using
USFOS, Department of Marine Technology,
Norwegian University of Science and Technology.

bd

23- Dawson, T.H., (1983), Offshore Structural
Engineering, Prentice-Hall Inc.
24- LeMehaute, B., (1969), An Introduction to

Hydrodynamics and Water Waves, Technical Report,
Us Department of Commerce, USA.

25- Dean, R.G., (1970), Relative Validity of Water
Wave Theories, Journal of Waterways Harbors and
Coastal Engineering, ASCE 96.



