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ARTICLE INFO ABSTRACT

Received: 12/04/2025  This paper presents the computational analysis, design and experimental
fabrication of a nearshore wave energy conversion and absorption device

Revised: 18/06/2025 (Wave Energy Converter — WEC) developed to harness and convert the
Accepted: 23/07/2025  mechanical energy of ocean waves into electrical power. The device is
Published: 28/11/2025  specifically designed to operate efficiently under nearshore wave
KEYWORDS condltlon.s and may also cont_rlbute tg redu.c!ng wave energy _nppactmg
coastal dikes, thereby supporting erosion mitigation efforts. Initially, the

Nearshore WEC; working principle and structural configuration of the WEC are thoroughly
Hydrodynamic; described. Based on the drive system schematic and the geometric
. parameters of the wave barrier, relevant hydrodynamic parameters are
Modeling; computed using the wave-structure interaction simulation software
Design; ANSYS AQWA. These results serve as the basis for designing the WEC's
Test rig. drive system. Subsequently, a prototype of the device is fabricated and

installed for experimental testing in a wave tank environment.
Experimental results demonstrate that the device operates stably and
achieves high performance.
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THONG TIN BAI BAO TOM TAT

Ngay nhan bai: 12/04/2025  Bai bao ndy trinh bay cac tinh toan, y tudng thiét ké va két qua ché tao thur
nghiém mét thiét bi chuyén doi va hap thu nang luong séng gan bo (Wave
Energy Converter — WEC), gitp khai thac va chuyen hoa nang lugng co
Ngay chip nhan dang; 23/07/2025  hoc cua séng bién thanh ning lugng dién. Thiét bi dugc thiét ké dé hoat
Neay dang: 28/11/2025 ddng hiéu qua trong diéu kién song ven bo, dong thoi c6 thé gop phan lam

giam ning luong song tac dong 1én cac tuyén dé, qua d6 hd trg han ché
TU KHOA hién tugng x61 mon. Trudce tién, nguyén 1y hoat dong va cac bo phan cua

Ngay hoan thién: 13/06/2025

thiét bi WEC duoc trinh bay mot cach chi tiét. Nham dam bao d6 chinh xéac

WEC gan bo; ; < .

Cganbo; va hiéu qua, cac thong so thuy dong luc hoc lién quan dugc tinh toan thong
Thuy dong hoc; qua phan mém mé phong tuong tic song ANSYS AQWA, dua trén dac
Mb hinh héa: diém hinh hoc va so do truyen dong cua tam chin song. Cac két qua thu

o dugc 1a co s cho thiét ké hé tbong trqyer} dong cua thiét bi. Sau do, mod
Thict ké; hinh thiét bi dugc gia cong va lap dit d€ tien hanh thir nghiém trong ho tao

song. Két qua tu thi nghiém da khéng dinh thiét bi duy tri trang thai véan
hanh én dinh va dat duoc hiu qua tbt trong qua trinh chuyén d01 nang
luong véi cong sudt dat dwoc 14W tai tai tiéu thu ti rru va hiéu sudt chuyén
dbi sép xi 37.1%.

H¢ thi nghiém.
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1. Gigi thiéu

Néng luong tir song bién 12 nguon ning lugng xanh bén vitng va giau tiém nang. Tuy nhién, trén quy
mo toan cu, viéc dat thu hoach hiéu qua nguon nang luong nay gap nhiéu kho khian. Hién nay, khi cac
van dé vé moi truong vi md nhu khung hoéang nang lugng héa thach dan téi hiéu ing nha kinh (gdy bién
d6i khi hau) trd nén tram trong va khé ludng, viéc sir dung cac phuong an thay thé nhu nguon ning
luong tai tao da dugc cong nhan 1a mot wu tién chién lugc. Pic biét, voi dién tich khéng 16 cua cac dai
duong, nang lugng song blen dugc danh gia la mot giai phap tlem nang, htra hen mang lai nén niang
luong xanh bén ving va 1a yéu t6 quan trong trong su phat trién hudng t6i tuong lai. O nudc ta, mot
nghién ctru tmg dung mo hinh Mike 21 SW dé tim ra c4c thudc tinh cta song bién tai ving bién Nam
Trung B6 [1]. M6 rong ra ca nudc thi Viét Nam c6 duong bo bién dai 3260km [2]. Trén thé gidi, cac
thiét bi chuyén ddi ning luong tir song da dugc glm thi¢u trong [3]. Ngoai ra, nhom tac gia Yongxing
Zhang da gioi thiéu mot sO nguyén 1y vé chuyen d6i ning lugng song trong tai liéu [4], bao gdbm nguyén
1y hoat dong va phuong phap danh gia hiéu suat ciia hé théng chuyén dbi ning luong. Thong thuong,
hé théng WEC (Wave Energy Converter) dugc lap dit tai ba vi tri chinh trén bién: ngoai khoi, gin bo
va trén bo [5], moi vi tri mang nhimg déc diém riéng biét va mat d6 nang luong song khac nhau. Trong
d6, cac thiét bi hap thu diém WEC, dic biét 1a dang phao hinh cAu, to ra hiéu qua hon khi dugc trién
khai ¢ khu vuc xa bo va gén bo nho kha nang khai thac song tur nhiéu hudéng. Bén canh do, thiét b nay
ciling c6 thé tich hop véi nhiéu hé théng chuyén doi nang luong PTO (Power Take-Off) Cu thé, thiét bj
co the két hop vé6i hé thong PTO thuy luc, trong d6 chuyén dong 1€n xudng cua piston dugce su dung aé
truyén dong cho dong co thity lyc, hodc hé théng PTO truyén dong truc tiép — noi may phat dién duoc
dan dong bang chuyén dong tinh tién dang truot [6], [7].

Bén canh cac nghién ctu ké trén, nhoém tac gia da thyc hién cac nghién ctru lién quan dén thiét bi
chuyén d6i nang luong tir song (WEC) sir dung phao ndi [8]-[12]. Trong nghién ctru [8], mot thiét ké
banh da thury luc véi kha ning thay ddi quan tinh (Variable Inertia Hydraulic Flywheel — VIHF) d3 duoc
dé xuat nham diéu chinh tan so riéng ctia hé thong PTO (Power Take-Off). Tiép theo, nghién ctru [9]
gi61 thiéu co céu diéu chinh do clmg dan hdi, trong khi [10] tap trung vao nang cao do hi¢u qua cua co
céu nay. M6 hinh mé phong thiét bi ndi di duoc che tao va chimng minh thong qua thuc nghiém trong
nghién ctru [11]. Trong [12], nhoém tac gia da deé xuat co cAu nham tbi wu hiéu suat thu nang lugng song
ctia hé phao ndi. Ngoai ra, thiét bi WEC dang canh v da dugc dé cap trong cong trinh cua Truong et al.
[13], Sitorus et al. [14], va Sitorus et al. [15], v&i hé co cAu dao dong canh thuy dong hoc két hop truyén
dong co khi dé chuyén ddi dao dong thanh chuyén dong quay phuc vu phat dién. Nhimng két qua nay 1a
co s quan trong cho viéc xdy dung mé hinh dong luc hoc phi tuyén, ciing nhu tdi uu hoéa hé thong
truyén dong — diéu khién trong cac thiét bi WEC. Tuy nhién, dé tang tinh ing dung thuc té, dic biét
trong viéc giam thiéu tic dong cta song bién dén cac cong trinh ven bd, can c6 thém cac nghién ctru vé
ché tao va thir nghiém thiét bi trong diéu kién thuc té.

Nham giai quyét cac van dé néu trén, mot y tuong thiét ké da duoc dé xuat, trong d6 ning luong cia
song tac dong 1én bo dugc chuyén ddi thanh dién nang théng qua co céu tAm chén song. Trudc tién,
nguyén 1y hoat dong cua thiét bi dugc trinh bay, kem theo md ta chi tiét Ve két cau cuia hé thong chuyén
ddi nang lugng séng (WEC). Duya trén so do truyén dong va cac thong so hinh hoc ctia tAim chén song,
cac ddc tinh thuy dong luc hoc cua thiét bi duge xac dinh bang phan mém mo phong tuong tac song
ANSYS AQWA. Cac két qud md phong dugc st dung 1am thong s6 ban dau cho thiét ké co cau truyén
dong cia WEC. M6 hinh thiét bi duoc gia cong, ldp rap va tién hanh kiém nghiém trong diéu kién thuc
nghiém tai bé tao séng nham khing dinh d6 hiéu qua cua hé thong.

2. Y twéng thiét ké

Téng quan vé ¥ tudng thiét ké dwogc trinh bay trén Hinh 1.

Dudi sy tac dong cua song to1, tam chin (1) s& hip thu ning lugng va truyén vao truc dan sb (3).
Truc dan (3) duoc c6 dinh vao thanh ring (5) 1am quay banh rang dan dong hop s6 chuyén dbi (6). Tur
chuyén dong quay hai chiéu cta cac banh rang dan, hop s (6) tao ra chuyen dong quay mot chiéu tai
truc ra dé diéu khién may phat dién. Sau nira chu ky truc dan (3) s& duoc day trd vé nhd Iyc dan hoi cua
16 x0 (4) dé bat dau chu ky méi.

JTE, Volume 20, Issue 04S1(V), 11/2025 59


mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Pai hoc Su pham Ky thudt Thanh pho H6 Chi Minh

HCMUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

1- Tdm chdn séng
2- Gid ¢6 dinh
3- Truc truyén déng

4- Lo xo;

5- Thanh rang

6- Hop s6 chuyén déi

Hinh 1. Thiét ké nguyén Iy hoat dong cho WEC
3. Phan tich lue tac dong
Trong diéu kién thi nghiém, séng diéu hoa véi li dd dugc trinh bay trong (1):
1 = Asin ot (1)
Véi
A: bién do cua song nudce (m)
o' tan s6 goc cua song nude (rad/s)
3.1. M6 hinh lyc thity dpng hoc lén tim chin

Thiét bi c6 sO dd phén tich thui/ ddng luc hoc dugc trinh bay nhu trén Hinh 2. Duéi tac dong cua luc
song ngang 1én tam chan tao nén t6 hop luc thuy dong hoc dan dong truc truyén dong. Tro luc bén trong
hé PTO dugc sinh ra va gop phan tao nén chuyén dong quanh tam quay O cua thiét bi.
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Hinh 2. So do truyén déng ciia hé théng WEC
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Luyec thily dong hoc tac dong 1én tim bao gdm cach thanh phan nhu phwong trinh (2) nhu sau:
F,.=FR+F +F )
Céc luc tac dong chinh gom:
Tai kich thich F, bao gdm hop luc Froude—Krylov va luc do nhiéu:
F, = f,Asin(at + @) (3)
Trong do:
f, : hé s6 bién do cta luc kich thich
@  gbc 1éch pha.

Luc can dong lyc F, sinh ra tir dao dong dicu hoa cua tam trong nudc:

F =—-mX—-RX 4
Voi:
m, : khéi lugng gia ting
R, : hé sb suy giam buc xa.

Tai giam chan F, do chat long tac dung 1én vat thé chuyén dong:

1
F =2 PCA K-k ©)

Trong do:
C, : hé s6 Iuc can
A, : dién tich mat cat udc khi can bang ctia tim (m?).
p - khdi lugng riéng cua chat 1ong (kg/m?)
3.2. M0 hinh tr¢ luc PTO
Luc can tir hé théng PTO duoc biéu dién nhu sau:
Fpro = Fix + Fps + Fpp (6)
Trong do:
Luc dan hoi cia 16 xo dua hé thong trd vé trang thai can bang thuy tinh Fj,:
F,, = —Kx (7
Véi K: hé sb d6 ciang cua 10 xo
Lyc ma sat F; dugc md hinh hoa theo phuong phap cua Brian Armstrong:
Voi:
f,:hé s6 ma sat nhét, . : luc ma sat nghi, F,: lyc ma sat Coulomb va cr: hé s6 bu chuyén tiép.

Luc tir may phat di¢n F, dugc xac dinh bdi h¢ phuong trinh (8):
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T.,+T ) .

M xu,, khin>6
Fo=1 &y (8)
0,khin< @
X
n=—=xu, (9)
rbr

trong do Ty, va T, 1an lugt 14 md-men xoan ctia banh da (do quén tinh) va may phat; . 1a chiéu
dai can ndi; @1a van téc vong tai truc may phét; n 1a van téc quay tirc thoi tai truc may phat va
u, laty sd truyén ctia hop s6.

3.3. M6 hinh todn hodn chinh ciia tim

Theo dinh luat 2 Newton, phuwong trinh (10) mé ta chuyén dong ctia tim nhu sau:

1§ = (R, + Foro) Xl (10)

trong d6 ¢ 1a vi tri goc quay ctia tim, |, 12 moment quan tinh ctia tim chan va 14 I, khoang cach canh
tay don tir tim quay dén diém dat luc
4. Thiét ké va ché tao md hinh thir nghiém
4.1. Tinh todn thiét ké

Mo hinh thiét bi chuyén d6i ning lugng clia song dang tém dugc tinh toan va thiét ké qb:?lng phan
mém INVENTOR nhu trén Hinh 3. Sau khi tinh todn thiét ké, phan khung cuia hé dugc kiém nghiém
bén bang phan mém Ansys va két qua nhu trén Hinh 4. Nhu trén Hinh 4a, chuyén vi 16n nhat 0.14 mm
tai vi tri nguy hiém nhat. Hinh 4b chi ra ing suat 16n nhat sinh ra la 2.9 MPa nén thoa man dicu kién
bén voi vat liéu ché tao 1a thép SS400 va C45 trong truong hop nguy hiém nhat.

1- TAm chén song
2- Gi4 c6 dinh

3- Truc truyén dong
4- Lo xo

5- Thanh rang

6- Hop s chuyén ddi

Hinh 3. Thiét ké mé hinh 3D ciia thiét bi bang phan mém Inventor
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Hinh 5 mo ta thiét ké hé thong thir nghiém trong ho tao song nhan tao. Hé théng bao gom thiét bi tao
song va thiét bi chuyén déi dang tém dugc 1ap trén khung ¢ dinh. Thiét b tao song dugc khoi dong dya
trén cac thong s6 yéu cau vé tan s6 va bién d6 song. Song tao ra s& lan truyen theo phuong ngang dén
tam tuong tac. Tam tuong tac nhan duoc nang lugng va chuyén dong day truc truyén dong lam quay
hop sb cua thiét bi chuyén ddi niang luong.

0.13602
0.1209
0.10579
0.090681

0.075567
0.060454 L uc

0.04534 so
0.030227 Hg

0.015113
0

0.00 400.00 800.00 (mm) .
|| I ]
200,00 600.00

a) Chuyén vi

29229

2,5981

2.2733

19486

16238

1.2991 Luec
0.97429 .
0.64953 song
032476

9,5275e-9

0.00 450.00 900.00 (mm) -
I 4 ...
225.00 675.00

b) Ung sudt
Hinh 4. Két qua kiém nghiém khung d hé
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Thiét bi tao séng nhin tao

Phurong dao déng cia thidt . + X
bi taoséng % N Ho shin tao

Hinh 5. So do trién khai thiét bj trong hé tao séng nhdin tao
4.2. Gia cong ché tao

Céc chi tiét duoc gia cong va lap rap thanh hé hoan chinh nhu trén Hinh 6.

Hinh 6. Hinh dnh thuec té ciia hé thong PTO trong ho tao séng
Truc truyén dong duoc cau tao gém cac chi tiét trén Hinh 7. Hai dau truc 10 xo 1a cac khép cau duoc
lap vao tam chan soéng va thanh rang ctia hop so. Phan gitra 1a mdt 6 truot hay con goi 1a bd chuyén doi
di dong co tac dung nhu cit chan 10 xo trong khi van cho truc di chuyén qua lai nhe nhang

B6 chuyén dbi di dong

A

Hinh 7. Truc truyén dong giita tam chdn séng va hp sé

5. Thuc nghiém hé théng WEC trong hé tao séng

Lo xo

Truc 10 x0 Mit trau co khi

5.1. Théng sé thi nghi¢m

Béng’l liét ké cac ‘Eh(”)ng s6 chinh cua hé théng PTO, con Bang 2 thé hién cac diéu kién hoat dong da
duoc thigt 1ap cho thiét bi.

Bang 1. Théng sé chinh hé thong PTO

Théng sb Gia tri
Kich thudc tim chian LxWxT (m) 0.95 x 1.124 x 0.002
Khdi lugng tdm chan (kg) M= 16.8
Chiéu dai canh tay don (m) lg = 0.99
Do cing 10 xo (N/m) K=1237.6
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Ban kinh banh rang (m) Ior = 0.05
Ty s6 truyén chung ctia hop sd un=4

Bang 2. Thong sé ho thi nghiém

Tén sb goc Chiéu cao Chiéu sau S6 song
 (rad/s) H (m) h (m) k (rad/m)
3.6 0.2 0.83 1.25

Cong suat song trung binh tic dong 1én tAm chin ngang dugc xac dinh nhu sau:
P=RL (11)

trong d6 L 1a chiéu ngang cia tim chan va P, 14 cong suat trung binh clia séng gan bo dugc tinh tir mat
d6 niang lugng va van tbc nhom

R=EC, (12)

trong do, E dugc xac dinh theo cong thure (14)

Yk (13)

v6i H 1a chiéu cao cua soéng toi.

Van toc nhém Cgycho vung gén bo do sau khong doi duge xac dinh nhu sau:

c, == 3 p(kn) (14)
20

g

v6i D(kh) 1a dai lugng phu thudc vao chiéu sau dugc xac dinh theo (15)

2kh

D&mzp+gmam)

}tanh(kh) (15)

Cong suat chuyén doi dugc tinh thong qua két qua do truc tiép momen xoan va toc do trén truc lap
may phat

Pop = Timpt (16)

5.2. Két qud va théo ludn

Céc thir nghiém duogc tién hanh trong nhimg trudng hop hé s tai ning nhe khac nhau va két qua
dugc thé hién trén Hinh 8.

Dit liéu song va vi tri ctia tAm thuc nghiém dugc ghi nhan tryc tlep tai bé tao song va dugc mo ta
trong Hinh 8-(a). Két qua do mo-men xoén tai truc may phat duoc thé hién & Hinh 8-(b). Hinh 8-(c)
trinh bay van toc du ra ciia may phat twong tmg v&i cac muce tai khac nhau. Trong khi d6, Hinh 8-(d)
cho thay nang luong phat, xac dinh bang cach tich phan mé-men xoén va van toc theo thoi gian. Nhu
vay, két qua thir nghiém cho thdy mirc ning luong phu thudc vao tai tiéu thu cua hé thong va két qua &
truong hop tai R1 dat dugc ning luong cao nhat gan 14 W. Két qua tinh toan cong suat song trung binh
dugc xac dinh theo (12) va hap thy t6i da ctia tim theo phuwong ngang 1a 37.7 W. Nén hi¢u suat chuyén
ddi trong thiét bi c6 thé dat duge sép xi 37.1%. Ngoai ra, cac tin hiéu do dugc cling thé hién thiét bi lam
viéc 6n dinh trong diéu kién thu nghiém.
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Céc hé s6 tai khac nhau
—wave- - -RO——R1 Rz ,

=
8

g & 3B

c) Tée do (v/p)

o
S

d) Nang lugng (1)
3 8 8 8 8
3|.
g
3

8

o

20 25 30 35 40

Thei gian (s)

Hinh 8. Két qua thi nghiém trong cdc triwong hop khdc nhau

6. Két luan

Bai b4o nay trinh bay cac két qua cua qué trinh thiét ké va ché tao ctia co ciu hip thu va chuyén dbi
ning luong song dang tdm, van hanh trong khu vuc gin b, Y tudng thiét ké ciing nhu nguyén ly hoat
dong cua thiét bj dugc trinh bay chi tiét, 1am co s& dé hoan thanh mé hinh thuc nghiém. So d6 truyén
dong duoc phan tich nham xac dinh lyc tic dong, dong thoi tinh toan cac thong sé thity dong luc hoc,
phuc vu cho qua trinh thiét ké cac chi tiét co khi cta hé thong. Sau khi hoan thién qua trinh gia cong,
thiét bi dugc tich hop trong hd tao song va tién hanh thuc nghiém. Qua trinh thir nghiém duoc trién khai
thanh cong dudi cac diéu kién tai khac nhau, véi hé thong thu thap dir liéu duoc tich hgp nhim ghi nhan
cac théng s nhu moémen xoén, vi tri cua tim chuyén dong, van téc quay va ning lwong chuyén hoa. Két
qua thir nghiém cho thay thiét bi duoc van hanh 6n dinh, véi hiéu suat thu hdi dat dén 37.1%.

Lo&i cam on

Bai bao nay thudc Dé tai cap trudng ma sd T2024-18 dugc tai trg kinh phi béi Truong Pai hoc Su
pham K¥ thut Thanh Phd H6 Chi Minh
Xung dot lgi ich

Céc tac gia tuyén b khong c6 xung dot 1oi ich trong bai bao nay.
Tuyén bd dit liéu sin c6

Dit liéu hd trg cho cac kham phé ctia nghién ctru nay khi doc gia yéu ciu mot cach hop 1y s& duoc
tac gia lién hé cung cap.
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