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ABSTRACT

This article presents a design and fabrication of a control mechanism of a
wave energy converter (WEC). Survival level and the overall efficiency of
the WEC are significant factors in the wave energy harvesting field. Trying
to face these challenges, an innovative conceptual design is proposed to
minimize the influence of work environment and possibly to improve
performance of the WEC. First, a device structure is presented to describe
the working mechanism. Based on the geometric parameters of the floating
buoy, hydrodynamic parameters are obtained in the frequency domain by
using the wave interaction software ANSYS AQWA. Then, the time
domain simulation program is performed by the use of MATLAB/Simulink
software. Next, the test rig is fabricated and installed in the wave maker.
Finally, experimental results under different wave conditions are carried
and compared with that of the analytical model. These results show that the
analytical model is in good agreement with experimental results.
Moreover, the overall efficiency is significantly improved by adjusting the
position of the center of mass.
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TOM TAT

Bai bao trinh bay tinh toan, thiét ké va gia cong co cdu diéu khién nang cao
hiéu suit cua thiét bi chuyén d6i ning luong séng (WEC). Trong linh vuc
thu hdi nang lugng song thi kha ning ton tai va hiéu sudt thiét bi 14 hai vin
dé can dugc quan tim. Dé giai quyét vin dé nay, mot ¥ tuong thiét ké duoc
dé xuét dé giam thiéu anh hudng ctia méi trudong lam viée va kha ning cai
thién hiéu suét thiét bi. Trudc hét, két cdu cua thiét bi dugc trinh bay dé mo
ta nguyén 1y lam viéc cia WEC. Cin cir vao thong s6 hinh hoc ciia phao,
cac thong s6 thuy dong Iuc ciing dugc tinh toan trong mién tan sb sir dung
phin mém mé phong tuong tic song ANSYS AQWA. Tiép theo mot
chuong trinh md phdéng trong mién thoi gian dugc thuc hién béng ph??m
mém MATLAB/Simulink. Sau d6, mé hinh thiét bi dugc gia cong va lap
dat dé thir nghiém trong hd tao song. Cudi cung, két qua thi nghiém trong
cac didu kién song khac nhau duoc thuc hién va so sanh véi mé hinh phan
tich. Két qua cho thdy mo hinh phan tich pht hop véi két qua thuc nghiém.
Ngoai ra, hiéu sudt téng thé cua thiét bi dugc cai thién dang ké nho vao
diéu chinh vi tri trong tdm céc ddi trong.
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1. Gigi thiéu

Ngay nay viéc khai thac va sir dung néng luong tai tao da tr¢ thanh mot trong nhirng chi dé cap thiét
vi cac bién dong moi truong nhu: bién doi khi hgu, hiéu (mg nha kinh, khung hoang dau mo,. .. Trong
d6, niang lugng song 1a mot trong nhitng ngudn ning lugng tai tao ¢ nhidu tiém ning nho vao be mat
rong 16n cua dai duong. Pac biét Viét Nam s& hiru duong bo bién dai 3260km nén c6 tiém nang rat 16m
trong viéc khai thac ning lugng song bién [1]. Su phat trién cta cac thiét bi ning lugng song da duoc
tac Antonio F. de O. Falcao phén tich trong [2]. Bén canh d6, nhoém tac gia Yongxing Zhang da trinh
bay mot s6 nguyén Iy chuyén ddi ning lugng song trong [3] voi ndi dung bao gobm nguyén ly hoat dong
va danh gia hiéu suat ciia hé thong chuyen doi nang luong. Thong thuong vi tri 1ap dat ciia hé thong
WEC trén bién dugc chia lam dja diém chinh: ngoai khoi, gin bd va trén bo [4], méi dja diém co6 mot
dic thi va mat d6 nang lugng song riéng. Dbi véi khu vire xa bo va gan bo, thiét bi hap thy diém WEC
¢6 wu diém hon nho phao hinh cau nén c6 thé khai thac nhiéu hudéng song khac nhau. Ngoai ra, thiét bi
c6 thé thiét ké tich hop voi nhiéu hé théng chuyén d6i ning lugng PTO (Power take-off ) khac nhau
nhu: PTO thuy luc st dung chuyén dong 1én xudng cua piston dé lam quay dong co thuy luc hodc dan
dong tryuc tiép may phat dang truot tinh tién PTO [5]-[6].

Ngoai ra, tac gia cung cac cong sy da thue hién mot s6 nghién ctru vé thiét bi WEC sir dung phao ndi
[7]-[10]. Trong d6, mot thiét ké ciia banh da st dung nang lugng thuy luc cd thé thay ddi quan tinh
VIHF (Variable inertia hydraulic flywheel) dé diéu khién tan s0 tu nhién cua PTO trong [7]. Bén canh
d6, ¥ tuong co ciu diéu chinh do cimg dan hdi da duoc d& xuét trong [8] va thiét ké t6i uu hoa di duoc
nghién ciru trong [9]. Chuong trinh md phong cua thiét bi ndi dugc xay dung va thuc nghiém kiém
chimg cua tac gia ¢ [10]. Cac nghién ciru dé c6 nhiimg dong gop rat 16n trong viéc tinh toan thiét ké va
mo phong ciing nhu y tudng cai thién hiéu suét thu hoi. Tuy nhién, dé phat trién thlet bi tién gan trién
khai thuc tlen can mot nghién ciru thiét ké, ché tao, md phong va thuc nghiém co cdu diéu khién nang
cao hiéu suét thiét bi.

pé giai quyet van dé nay, mot y tuong thiét ké moi dugce dé xuat dé cai thién hiéu suat théng qua co
céu diéu khién. Trude hét, két cu cua thiét bi duoc dua ra dé mo ta nguyén 1y lam viée cua WEC. Sau
khi Iyra chon thong sb hinh hoc, cac thong s thay dong luc dugce tinh toan va mo phong trén mién tin
s tir phan mém md phong tuong tic song ANSYS AQWA. Sau d6, chuong trinh mé phong trong mién
thoi gian duge thuc hién bang phan mém MATLAB/Simulink. Dya trén két qua tinh toan, mo hinh thiét
bi duoc thiét ké, ché tao va lap dit dé thir nghiém trong hd tao song. Cudi cing, dit liéu két qua thir
nghiém trong cac diéu kién song khac nhau dugc thu thap va so sanh v6i mo hinh phan tich. Két qua so
sanh cho thiy mo hinh phan tich phu hop voi két qua thyc nghiém va hi¢u suat thiét bi duoc cai thién
dang ké nho vao diéu khién vi tri trong tdm cac dbi trong cia thiét bi.

2. Thiét ké y twéng
Tong quan vé y tudng thiét ké dugc trinh bay trén Hinh 1.

1-Phao; 2-Can;
3-Déi trong; 4-Thanh dan ta;
5-Cung rang; 6-Banh rang;
7-Hop s6 chuyén doi; 8-Khung;
9-Gia; 10-Motor budc;
11-Bdnh da; 12-May phat dién

-9

Hinh 1. Tong quan vé thiét ké WEC
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Dudi su tac dong cua song, phao ndi (1) bi dan dong 1én xuéng nén can (2) dugc ¢b dinh vao phao
ndi duoc quay quanh tryc chinh. Tiép theo cung rang (5) duoc lap cb dinh vao can (2) quay quanh tryc
chinh din dong hop s6 chuyén do6i (7 bang cach truyén chuyén dong cho banh rang (6). Hop s6 (7) dugc
lap trén khung (8) c6 chirc ning bién doi chuyén dong quay hai chleu cua hai banh rang (6) thanh chuyen
dong quay mét chiéu cua truc ra. Khung (8) duoc dinh vi trén nen b dinh. Gia d6 (9) st dung lap dat
cac dbi trong (3) duoc ¢b dinh trén cac bé d& trén dai ¢ cla co ciu tmyen dong vit me dai oc 4. Vi tri
céc ddi trong (3) dugc diéu khién nhd vao dong co bude (10) dé thay doi quan tinh cta co hé. Cudi
cung, truc ra dugc ndi véi banh da (11) dé 1am déu chuyén dong quay may phat dién (12).

3. M6 hinh toan hoc
Trong diéu kién song diéu hoa thi i d6 song duogc thé hién nhu sau:
n = Asinwt (1)
trong d6 A 1a bién do song (M), @1a tin s song (rad/s)

3.1. M0 hinh luc thiy dong hoc phao

Hinh 2. So do truyén déng ciia hé théng WEC

Luec thily dong hoc tac dong 1én phao bao gdm cach thanh phan nhu phwong trinh (2) dugc trich dan
ttr [10] nhu sau:

F=F+F+F +F ()
Cac luc thanh ph@m duoc xac dinh cu thé nhu sau:

Fe 1a Tuc kich thich séng bang tong luc Froude-Kryluv va lyc nhiu xa:
F, = f,Asin(aot + @) 3)
voi f3 lahé s6 bién d6 luc va ¢ 1a d¢ 1éch pha cua song va lyc kich thich.
F. 1a lyc can birc xa duoc tao ra boi cac dao dong diéu hoa cua phao trong nudc nhu sau:

F=-m7-Rz2 4)

trong d6, M, 1a khdi lugng tang thém va R, 1ahésé giam dan burc xa.
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F, 1a Iyc giam chan nhét tac dung 1én vat chuyén dong trong nudc:
1 . .
R, =5 pCsA (221 (5)
voi Cy 12 hé s6 nhét va Ay 1a dién tich mat cit udc ciia phao ¢ trang thai cn bing.
F, 1a lyc thity tinh (Acsimet) dua phao n6i vé trang thai can bang thiy tinh:
Fo =5, (©)
trong do Sb 1a hé s6 cung thay tinh duge tinh theo cong thirc sau:
S, = pgr’ (7
v6i p 1a mat do chat 1ong, g 1a trong luc va 1a r ban kinh phao.
3.2. M6 hinh toan PTO

Trd luc k¥ thuat tir hé théng PTO cua hé théng duoc xac dinh nhu sau:
Foro = Fp + Fs T Fy (®)
trong d6, F,, 1a luc tao ra tir may phat dién va banh da; F 1a lyc ma sat va F 1a lyc ting thém gy
ra boi khéi quan tinh thém vao.
Tré lye ky thuat tir may phat F; da dugce tinh toén trong tai liéu [10] va duoc trinh bay ¢ hé phuong
trinh (9):

T,+T .
LE__T)x%yanze
Fop = I, ©)
0,khin< @
2
N =1 (10)

C
trong d6 T,;, md-men xodn dugc tao ra bdi quan tinh quay ctia banh da |C la chiéu dai cua can;
momen xoan ctia may phat 13 Top; 6 1a van tbc vong sinh ra cua may phat; N 1a van tdc tie thoi trong
duong clia truc may phat va Uy 13 ty s6 truyén tir banh ring dau vao dén truc ra ciia hop sé.
Luc ma sat F, c6 thé duge mo hinh hoa bang phuong phap do Brian Amstrong dé xuét:

Fro =(F +(Fy —F. e )sign(2) + f,2 (11)

trong do f\, hé s6 ma sat nhét, Fbr 1a luc ma sat tinh & van toc bé'lng 0, va cr 1a hé s x?ip xi chuyén
tiép duoc str dung dé tinh gin ding su chuyén tiép gitta ma st tinh va ma sat Coulomb. F, 1 luc ma
sat Coulomb can trd chuyén dong voi mot luc khong déi & bat ky van tdc nao.
Luyc quan tinh F; dugc tinh bang hé phuong trinh sau:
e
F,=—xZ (12)

qt
IC

trong do |qt la md men quéan tinh do ddi trong sinh ra
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3.3. Tinh todn thong sé thuy dong hoc

3250 F T T T T T T ]

Lwe
(N/m)

2600 [ 4

Khéi lwong
birc xa [N/(m/s)]tang thém (kg)
= °
-] ~ o (7
[=N-] o o o
T T
1

\\
\

o
=)
\
\
\
\
A

»n

oo
T

1

©)
3
s

D6 léch pha HS giam dan

0 1 L 1 1 1 1
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0

Tén sé géc o (rad/s)

Hinh 1. Théng sé thiyy dong liee hoc trong phwong z ciia phao;, phan chim = 0.275 m; chiéu sdu nuweée h = 1 m

Céc thong s6 hinh hoc cua phao trén Hinh 2 duoc str dung dé khai bao déu vao trong phan mém

ANSYS AQWA.

Két qua tinh toan trong mién tin s cho cac hé sd f3 , M, R va @ s& duoc vé lai trén Hinh 3.

3.4. Mé hinh toan hoan chinh ciia phao
Chuyén dong ciia phao dugc xéac dinh theo dinh luat 2 NewTon & phuong trinh (13):

M,Z=F +F (13)
trong d6 My 1a khdi luong cta phao.
Tu phuong trinh (2), (3), (4), (6) va (13), chuyén dong ctia phao dugc xac dinh nhu sau:
I .
(M, +M, +Iit)z+ R2+8,2=f,Asin(et +¢p)-F —F —F, (14)
C
4. Higu suit chuyén déi ning hrong
Cong suat song trung binh tic dong 1én phao dugc xac dinh trong [10] nhu sau:
F,=Rd (15)
trong d6 d 1a chiéu rong ctia phao c6 thé 1iy bang duong kinh phao.
P, 1a cong suat trung binh cua séng dugc tinh nhu sau:
R =EC, (16)
Mait do nang luong song E duoc xac dinh theo cong thire (17):
1 2
E= 8 pgH (17)
trong d6 H 1a chidu cao cua song toi
Van téc nhom Cycho d6 sau khong ddi duoc xac dinh nhu sau:
1lg
C, ===D(kh
s =5 2D(h) (18)
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Nang lugng song tuong tac 1én phao dugc xac dinh nhu sau:

E, =[Pt (19)
Ning luong chuyén doi duoc din dong may phat duge tinh trong phuong trinh (20):
=[Pt (20)

trong d6 cong suat thu hdi duge trén truc may phat dién Pmp trén ly thuyét tuyén tinh:
Prp = Tnpt 21

5. Thuc nghiém h¢ théng WEC trong hé tao séng
5.1. Lép ddt hé thi nghiém

Hé thi nghiém WEC bao gdm hé thdng co khi Hinh 4 va hé thdng xir Iy tin hiéu do duogc lap dat nhu
Hinh 5.

Hinh 4 thé hién cac thiét bi do duogc lip dat dé thu thap két qua thi nghiém. B6 mé phong mémen
X04n (gia 1ap may phat dién) dugc s dung de tao ra m6 men trd lyc ky thuét tir may phat dién. Mot bo

ma hoa tdc dd va bo chuyén doi mo-men xodn duge ap dung dé do téc do va mo-men xoan twong ting
culia may phat.

H¢ thong dién trén Hinh 5 dung dé thu thap dir liéu do va g tin hiéu diéu khién dén dong co budce
dé di chuyén ta dén vi tri mong mudn.

Heé théng digu khign khai | :
lvong quan tinh

Hinh 5. Hé thong dién xir Iy tin hiéu, dit liéu
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5.2. Thong sé thi nghi¢m

Tru6c khi tién hanh céc thi nghiém, thong s6 k¥ thut hé thong PTO da dugc do tryc tiép va théng
ké trén Bang 1. Diéu kién song dicu hoa trong cac thi nghiém dugc trinh bay trong Bang 2.

Bang 1. Thong s6 ky thudt hé thong PTO

Théng s6 Gia tri
Puong kinh phao (m) d=0.65
Khdi lugng phao (kg) Mp=15
Gi4 tri quan tinh ban dau (kg.m?) 10=85
Gi4 tri quéan tinh PTO (kg.m?) 14=88.5
Gi4 tri quan tinh banh da (kg.m?) 1.=0.25
Chiéu dai can (m) =15
Ty s6 truyén chung ciia hé ihs=49

Bang 2. Thong sé diéu kién séng khi thi nghiém

Tén s6 song Chiéu cao séng S6 song
o (rad/s) H (m) k (rad/m)
3.6 0.14 1.27

5.3. Két qud va ban lugn

~
o

(=]
o
©

E i — Thl,'vc nghién;— — Mél phéng : Séng g Thwe nghiém —— M6 phdng
8 0064 | o 60 \/\/\/\/\A/\ /\ /\
5 g \/ VY
'3 0.03 = 50
(o]
;§. 0.00
S IR 401
8-0.03+
! 30+
0.06+
0 5 10 15 20 25 0 5 10 15 20 25
(a) Thoi gian (s) (¢)  Thoigian (s)

Eo.o‘; | Thye nghiém —— M6 phong| = Thuc nghiém
Z g’ 10001 —— M6 phong
@ 5 ——— 1/2 Nang luong séng
20.03 <, 800 =
= ,g
g Z 600
5002
= 400

0.01

200
0.00 . . . 0 , y ; .
0 5 10 15 20 25 0 5 10 15 20 25
(b)  Thoigian (s) (d)  Thoigian (s)

Hinh 6. Két qua so sanh giita gid tri mé phéng va thiee nghiém trieong hop khong bé sung qudn tinh cho: (a) vi
tri phao; (b) momen xoan; (c) toc do; (d) nang luong

Céc thir nghiém dugc tién hanh trong hai truong hop khong c6 quan tinh bé sung I va ¢ quan tinh
b6 sung Iy nhur thé hién 1an Iugt trén Hinh 6 va Hinh 7. Trudc hét, dit liéu song duoc do truc tiép trén
hd tao song ciing véi vi tri phao thuc nghiém do dwoc va két qua md phong vi tri ciia phao dwoc ghi
nhan va minh hoa trén Hinh 6-(a) va Hinh 7-(a). Momen xo4n ctia may phat duoc tinh toAn mé phong
va thyc nghiém do dwoc hién thi trén Hinh 6-(b) va Hinh 7-(b). Tdc d sinh ra ctia may phat ciing duoc
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tinh toan va so sanh véi gia tri thue nghiém ¢ Hinh 6- (C) va Hinh 7-(c). Va cudi cing, ning luong thu
hoi dugc tinh todn bang tich phan ctia mémen xoan va toc do ciing dugc vé minh hoa trén Hinh 6-(d) va
Hinh 7-(d).Trong cé hai truong hop thir nghiém, két qua thir nghiém chi ra rang di c6 mot s6 diém sai
léch nhung khong dang ké, phan 16n két qua so sanh co su twong dong cao giita mé hinh mé phong va
két qua thuc nghiém. Ngoai ra, trong cung diéu kién song nhung véi khdi lwong quan tinh thém vao da
kéo tan s6 dao dong riéng ctia hé PTO vé gan ving cong hudng hon nén bién do chuyén dong phao,
cling nhu van tc may phat cao hon va dan dén ning luong thu duoc ciing cao hon gitta Hinh 6 xép xi
28 W va Hinh 7 xp xi 31 W.

o T = T AI z T 3 /\7 %
£009 Thuc nghiém.- - - Md phéng Séng g_ 20 Thue nghiém—Mé phéng
[e] N =
©o064( 4 [l 625
& NRAARnRARAAGARAR A o
sl NAANARARAARAARAM S ﬁ ﬂﬂ ﬁ
2 L ,".;!5’};‘3:’%1“”:““‘:: A e %00 \/ ¥ \/
= RYARRERR ) :!‘I' IERRTREL R RINL|
2000+ 's‘}w'\i",l151:I¥'.’:|"n:‘|:"lf:z";'.:'. 375
> &‘IU}‘!‘II”II"‘II“"""":"’I‘I
0.3 WM UL AU
CSEEANAN AN 250
W iy | |
0064 | |
125
-0.09 T T T T r T v T
0 5 10 15 20 25 0 5 10 15 20 25
(a)  Thoigian (s) (c) Thoi gian (s)
g0 = = 1500
7 —— M6 phdng Thye nghiém = Thwe nghiém
c 51250 —— M0 phong
'S 0.8 5 1/2 Nang luong s()ng
x i 1 Ji 1000+
= UL R 2
(7] | | [ | »0
g l‘ i ‘,‘ Z 750
2 06+ i I
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Hinh 7. Két qua so sanh gid tri mé phong va thuc nghiém truong hop bé sung quan tinh cho: (a) vi tri phao; (b)
momen xodan, (c) toc do, (d) nang lwong

6. Két luan

Bai bao nay da dé xuat mot co cau diéu khién ning cao cong suat thu hdi cua thiét bi chuyén doi
nang luong song. Cac thong sb thuy dong hoc di duoc tinh toan bang phan mém ANSYS AQWA dua
trén cac thong sd hinh hoc ctia phao va diéu kién lam viéc cta thiét bi. M6 hinh toan cac luc thiy dong
hoc dugc phan tich day da trong mién thoi gian. Chuwong trinh md phong di dwoc thuc hién trong phan
mém Matlab/Simulink. Thiét bi co khi ciing dugc gia cong va lip dat thir nghiém thanh cong trong hd
tao song. Thiét bi do va hé thdng thu thap dit liéu ciing dwoc trién khai lap dit hoan thién. Két qua thi
nghiém cho thiy su ‘phu hop gilta md hinh phan tich va két qua do dugc ctia cac dir lidu vé vi tri phao,
momen xodn, van toc va ca nang lugng dugc tinh toan dugc. Két qua nghién ctru ciing cho thdy cong
sut thu duoc khi c6 su didu khién khéi quan tinh ting 1én xap xi 10% (tir 28W 1én 31W).

Lo1i cam on

Bai bao nay thudc D8 tai cap trudng ma sb T2023-109 dugc tai trg kinh phi béi Trudng Dai hoc Su
pham K¥ thuat Thanh Pho H6 Chi Minh

Xung dot lgi ich
Céc tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.
Tuyén bé dir li¢u sin cé

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