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DESIGN FRABRICATION AND EXPERIMENT WAVE ENERGY CONVERTER
USING A FLOATING BUOY

Phan Cong Binh, Twéng Phwéc Tho, Phuing Son Thanh
Trudng Pai hoc Su pham K§ thuat Thanh phd H5 Chi Minh

TOM TAT

Bai bdo ndy trinh bay thiét ké, ché tao va thiee nghiém mét thiét bi thu hoi ndng leong séng
dang phao. Trude hét, y twong thiét ké dwoe thire hién bao gom phao twong tac, hop sé va cum
chuyén doi nang lwong. Nho vdo twong tdc véi séng bién, phao chuyén dong lén xuong dan déng
hép s6. Hop sé dwoc thiét ké dic biét dé bién doi chuyén dong 1én xudng ciia phao thanh chuyén
déng quay mot chiéu cia cum chuyén déi nang leong dién. Ké dén, chwong trinh phan tich thiy
dong hoc cua co hé dwoc thuc hién dé mé td hoat dong cua thiét bi. Dua trén két qua mo phong, mot
thiét bi dwoc thiét ké va ché tao thir nghiém dé danh gia. Cudi ciing, két qua thir nghiém cho thdy

thiet bi lam viéc on dinh voi hiéu suat cao.

T khéa: Dién nang lwong séng bién; Thiét bi thu hoi nang lwong; Hop s6 chuyén doi; Mo
hinh hoa.

ABSTRACT

This paper presents a study on design, fabrication and experiment a wave energy converter
(WEC) using a floating buoy. Firstly, a conceptual design of the proposed WEC consists of a floating
buoy, a gear box and a conversion unit. Based on the interaction with the sea wave, the floating
buoy is forced to oscillate upward and downward. An innovative gear box is design to convert
the buoy'’s motion into one-way rotation of the conversion unit. Next, a hydrodynamic model is
presented to describe the performance of the WEC. Based on the simulation results, a test rig of the
proposed WEC is fabricated to do experimental investigation. Finally, experimental results indicate

that the proposed device can work stable in high efficiency.

Keywords: Ocean energy; Wave energy converter, Conversion Gear box, Modelling.
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1. TONG QUAN

Viét Nam 1a mét trong nhitng nude co
ngudn tai nguyén ning luong tai tao kha doi dao
va da dang gom: ning lugng gid, ning luong
mat troi, nang luong song bién, nhién liéu sinh
hoc va dia nhiét... Trong hinh 1 cho thiy ning
lwong song c6 mot tiém niang khong 16 voi hon
3200 km bd bién 6 song trung binh 0,6 m subt
2/3 thoi gian cua nam va mat dg trung binh 15-
20 kW/m [1].

- Vung 1: Dong nang lugng song trung
binh dat khoang 15 kW/m.

- Vung 2: Dong nang lugng song trung
binh dat khoang 25 kW/m.

- Vung 3: Dong nang lugng song trung
binh dat khoang 10 kW/m.

- Vung 4: Dong nang lugng song trung
binh dat khoang 18 kW/m.

- Vung 5: Dong nang lugng song trung
binh cua khu vuc nay dat khoang 18 kW/m.

- Vung 6: Dong nang lugng song trung
binh cua khu vuc nay dat khoang 5-6 kW/m.
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Hinh 1. Mdt dj ning heong song bo bién Viét Nam [1].

Vi vy, viéc nghién ctru thiét bi bién dbi
nang luong song ¢ y nghia vo cung 16n mé ra
mot huéng méi nham gidi quyét nhu cu ning
lwong chung ciia dit nude ciing nhu cho cac
khu vuc va linh vuc hoat dong ma nguén cung
cép nang lugng thiy dién va nhiét dién con han
ché, khé khin trong tuong lai. Hinh 2 mé ta cac
nguyén 1y thu héi ning luong chinh hién nay
trén thé giéi [2].

Craillabng sater colums

Fuaotating mass

Hinh 2. Nhitng phdn logi chinh trong thu hoi ning lwong séng [2].
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Trong cac dang thiét bj thu hoi ning
luong chinh trén thi phao ndi thuong dugc
thiét ké thong dung nhat boi két cdu don gian
va tinh linh hoat cao. Vi thé, bai bao nay chon
phuong an thiét ké theo dang phao ndi. Trudc
hét, ¥ tuong thiét ké duoc thuc hién bao gdbm
phao tuong tac, hop sd va cum chuyén doi niang
luong nhu hinh 3. Nho vao tuong tac voi song
bién, phao chuyén dong 1én xudng dan dong
hop s6. Hop s6 duoc thiét ké ddc biét dé bién
do6i chuyen dong 1én xuong cua phao thanh
chuyen dong quay mot chiéu cia cum chuyén
d6i nang lugng dién. Sau d6, chuong trinh phan
tich thuy dong hoc ctia co h¢ dugc thuc hién dé
mo ta hoat dong cua thiét bi. Dua trén két qua
mo phong, mot thiét bj duoc thiét ké va ché tao
thir nghiém dé danh gia. Cudi cung, két qua thur
nghiém cho thay thiét bi lam viéc 6n dinh véi
hiéu suét cao.

Hinh 3. Pé xudt thiét ké hé thong thu hoi ning
lwong song dang phao.

2. CAU TAO CHI TIET VA NGUYEN LY
LAM VIEC

[ B:t;nilrm J [6 Hep =a ]

Hinh 4. Cdu tao hé thong thu hoi ning lrong.

Két ciu cia hé théng dugc mo ta trén
hinh 4. Khi phao (1) chuyén dong 1én xubng
kéo theo cap (2) dan dong bo truyén xich. Hop
s6 (6) bién chuyén dong hai chiéu cua xich
thanh chuyén dong mot chiéu dan dong cho
may phat dién.

3. MO HINH TOAN CUA CO HE

Cong suit trung binh cua soéng duge xac
dinh theo 1y thuyét tuyén tinh va dugc tinh theo
cong thuc sau [3]:

P, =Ec,, (kW /m) (1)

Trong do:

E 1a mat d nang luong trung binh trén
mot don vi dién tich, dugc tinh bang tong cua
dong nang E, va thé ning E . Mat dd nang lugng
duoc tinh theo cong thirc:

1
E=Ek+Ep=§pg2H )

¢, 1a van toc nhom va phu thudc vao chi€u séu h.

Xabi Gan bir b bién

Hinh 5. Phan loai chiéu sau mwc nuoc.

Phuong trinh chuyén dong cua phao
trén mat song dugc xac dinh theo dinh luat 2
Newton nhu sau:

M,Z()=F,(O) + F,, () 3)

Trong do:

F,(¢t) 1a hop lyc do thuy dong hoc
tuong tac cua song tac dong 1én phao.
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F,, 1a tr¢ lyc tir he thdng trong thiét
bi tac dong 1én phao.

M, la khéi luong cua phao.
Hop luc tic dong 1én phao gdm cac

thanh phan thé hién ¢ phuong trinh:
E @) =FO+F@O+F@O+F@ 4

Trong do:
F () : Luc tic dong cuia song vao phao [3].

F (t): Luc nhiéu xa, gy ra boi sy dao
dong cua phao trén mat nuoc.

F (¢) : Luc ma sat nhot gitra phao tuwong
tac trong nudc.

F () : Luc thuy tinh, gdy ra do su chénh
l1&ch vi tri cua phao voi vi tri can bang.

Trd lyc k¥ thuat tic dong 1én phao gom
cac thanh phan thé hién & phuong trinh:

T.,+T
FPTO (t) = Mlhs (5)

Tr

Trong do:

T,, 1a momen quan tinh banh da.
i, 1ati sb truyén.

r,. 1a ban kinh banh rang.

, 1a momen tr¢ lyc do may phat sinh
ra, duorc Xac dinh bang 1y thuyét tuyén tinh nhu
sau:

T =R06 (6)

mp
Trong do:
R, 14 hé s6 sir dung méy phat.
0 1a tbc do quay cuia may phat.
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4. MO PHONG HOAT DPONG THIET Bl
BANG MATLAB

Chuong trinh mo6 phong dugc thuc hién
trong ba truong hgp R khac nhau. Két qua md
phong dugc thé hién trén hinh 6. Két qua mo
phong dugc thuc hién trong 30s dugc in trén
hinh, thé hién vi tri cta phao, van tdc, momen
Vé ning luong cip cho may phat. Dbi véi hé
s6 tai ctia may phat R =0, bién do dao dong
ctia phao 1a 16n nht, dan dén van tdc cua phao
1a 16n nhét, nhung ning luong thu dugc bang
0 (do khong co tai). Dbi v6i hé s tai cua may
phét R =1, bién d6 dao dong cua phao 1a thap
nhat, nén van toc cia phao la thap nhat va ning
luong thu dugc 1a E. D6i véi hé s6 tai ciia may
phat R = 0,1 thi chuyén dong ciia phao nho
hon truong hop R = 0 va I6n hon trudong hop
R = 1, nhung nang lugng thu dugc cao hon hai
truong hop trén.

Két qua mod phong trén cho thay viéc
chon tré lwc ky thuat anh huong dén ning
lugng thu duoc rat 16n. Néu trd luc qué 16n thi
chuyén vi ctia phao nho va nguoc lai. Chon tré
luc phu hop gitp cho ning lwong thu hoi duge
nhiéu hon.
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Hinh 6. Két qua mé phéng cho tricong hop tai

khac nhau.
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5. THUC NGHIEM VA PANH GIA KET QUA

Tong thé hé thi nghiém duoc trinh bay
trong hinh 7. Trong d6 (1) 1a h¢ tao song, (2) la
phao ndi va (3) 1a hé thong thu hoi va chuyén
d6i nang luong. Két qua thi nghiém dugc trinh
bay ¢ hinh 8. Momen va téc do o truc hop sb
chiu anh huong cua tai. Khi tang tai thi momen
clia may phat ting va toc do giam. Dbi véi
truong hop khong c¢6 tai, bién do dao dong cua
phao dat gi4 tri 16n nhét tai 115 mm, din dén
toc d6 ctia truc hop s6 1a 16n nhét tai 95 vong/
phut (v/p), khi d6 cong suit thu dugc bang 0 do
khong ¢c6 momen.
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Hinh 8. Két qua thi nghiém cho truong hop tdi
khac nhau.

Khi ting tai lén cao nhat thi bién do dao

dong cua phao 13 thap nhat tai 10 mm, dan dén
toc do cua truc hop s6 1a thép nhét tai 25 v/p va

momen dat gia tri cao nhét 1,7 Nm. Trudng hop
tang tai 1én co vi tri bién d¢ dao dong cia phao
16n nhét 13 50 mm, té¢ do ctia truc hdp sb 16n nhat
14 80 v/p va momen dat gia tri cao nhat 1,2 Nm.

6. KET LUAN

Bai bao nay dé xuat thiét ké, tinh toan
thiét ké va gia cong ché tao thir nghiém thanh
cong thiét bi thu hdi nang luong séng bién dang
phao. Ciu tao thiét bi va nguyén ly lam viéc
duoc trinh bay chi tiét. Chwong trinh mo phong
hoat dong cua thiét bi da duoc xay dung trén
Matlab/Simulink. Dya vao két qua tinh toan
cac thong s6, thiét bi da duoc ché tao va thu
nghiém thanh cong trén hd tao séng bién. Hé
thdng do dir lidu dugc trién khai dé thu thap két
qua thi nghiém. Két qua thi nghiém do duoc
phu hop v&i mo hinh phan tich thuy dong hoc.
Ngoai ra, két qua thi nghiém da thu hoi duoc
cong suat cao nhit ¢ chiéu cao séng 250 mm
14 20,05 W cho thay hiéu suit thiét bi c6 nhiéu
tiém nang trién khai vao thyc té.
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