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DEVELOPMENT OF WIND ENERGY HARVESTING SYSTEM THROUGH
HYDRAULIC CONVERTER
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Vién Cong nghé Thong minh va Twong tac, Truong Cong nghé va Thiét ké, Pai hoc Kinh té
Thanh pho H6 Chi Minh

TOM TAT

Bai bdo nay trinh bay vé viéc phdt trién mot hé thong thu hoi nang leong gié sir dung bo
chuyén doi thity lwe, véi muc tiéu chuyén doi dong nang ciia gié thanh dién nang. Cy thé, déng ndng
tir gié duwoc truyén qua tryc quay dén bg chuyén doi nang leong. Trong hé thong thity lec, bom thity
liee ¢6 vai tro chuyén déi nang lwong co hoc tir truc quay thanh ndng heong thity lirc. Nguon nang
lwong thuy lyc nay sau do dwoc tich tri trong cdc binh tich nang, gzup duy tri murc nang hfong on
dinh ngay ca khi téc @ gié thay doi. Tiép theo, nding lu"ong tir hé thong thity luc dwoc truyen toz
dong co thuy luc, noi nang lwong thiy lwc duoc chuyen doi thanh nang lwong co hoc dé truyén
déng cho mdy phdt dién. May phat dién tiép tuc bién doz nang luwong co hoc nay thanh dién nang,
6 thé duge sir dung dé sac pin hodc cung cdp truc tiép cho ludi dién. Két qua mé phéng cho thdy
hé thong cé kha ndng thu hoi nang heong hiéu qud, véi hiéu sudt dat khodang 60%, khang dinh tiém
nang tng dung lom trong cdc hé thong ndng lwong tdi tao.

T khéa: Turbin gié; Bé chuyén doi thity luc.
ABSTRACT

This paper presents the development of a wind energy harvesting system using a hydraulic
converter, aimed at converting wind kinetic energy into electrical energy. Specifically, the kinetic
energy from the wind is transmitted through a rotating shaft to the energy conversion unit. In
the hydraulic system, the hydraulic pump plays a role in converting mechanical energy from the
rotating shaft into hydraulic energy. This hydraulic energy is then stored in accumulators, ensuring
a stable energy level even when wind speed fluctuates. Subsequently, the energy from the hydraulic
system is transmitted to a hydraulic motor, where hydraulic energy is converted into mechanical
energy to drive the generator. The generator then converts this mechanical energy into electrical
energy, which can either charge batteries or be supplied directly to the power grid. Simulation
results show that the system is capable of recovering energy efficiently, with a recovery efficiency
of approximately 60%, highlighting its significant potential for application in renewable energy
systems.

Keywords: Wind turbine; Hydraulic energy converter.
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1. TONG QUAN

Nang luong gi6 dong vai tro quan trong
trong vi¢c gidm phu thudc vao nhién li¢u hoa
thach va giam khi thai nha kinh. Bén nam 2020,
cong suat lap dat nang lugng gid toan cau da
vuot 700 GW va du kién tiép tuc tang [1]. Mic
du tua-bin gié da cai thién vé hiéu suét va do
tin cdy, viéc chuyén d6i nang luong gi6 thanh
dién nang hiéu qua van gip nhiéu thach thic,
dac biét trong viéc nang cao hiéu suit 1am viéc
ctia hé théng thu hoi niang luong va giam ton
that [2]. Bién d6i tbc do va hudng gio giy ra
su khong 6n dinh trong chuyén d6i nang luong.
Céc hé thong truyén dong co khi truyén thong
nhu hop s6 va truc truyén dong han ché vé do
bén va hiéu suit trong diéu kién bién ddi lién
tuc, anh hudng dén hiéu suét tong thé va ting
chi phi bao tri. Do dé, can tim giai phap truyén
dong hi€u qua va linh hoat [3].

B chuyén ddi thuy lyc ndi 1én nhu giai
phap tiém nang, c6 kha nang hip thu va truyén
tai nang luong tr tua-bin gid hiéu qua, thich
nghi v&i bién doi toc do va tai trong [4-5]. Hé
thng thuy luc con c6 vu diém truyén tai ning
luong qua khoang cach 16n ma khong ton that
dang ké, giup giam ton that ning luong va ting
tudi tho hé thong. Nhiéu nghién ctru da tich hop
cong ngh¢ thuy lyc vao tua-bin gié [6-7]. St
dung hé théng thuy luc cling mé ra kha ning
tich hop véi cong nghé luu trit nang lugng, nhu
tich trir thuy luc, gitp cAn bang tai va cai thién
on dinh luéi dién. Cong nghé thuy luc trong
tua-bin gié ngoai khoi co thé giam chi phi lap
dat va bao tri.

Bai bao nay gidi thiéu mot hé thong thu
ho6i nang luong gi6 sir dung bd chuyén doi thay
luec, chuyén doi dong nang cua gié thanh di¢n
nang. Hé thong hoat dong bang cach truyén
dong nang tur gidé qua truc quay téi bom thay
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luc, chuyén ddi thanh ning luong thuy luc va
tich trit trong binh tich ning dé duy tri muc
ning luong 6n dinh. Ning lugng thuy luc sau
d6 duoc chuyén doi thanh néng lugng co hoc
boi dong co thuy lyc, truyén dong cho may
phat dién dé tao ra dién ning cung cap cho pin
hodc lué6i dién.

2. THIET KE BQO CHUYEN POI THUY LUC

ERRRER

G10

Hinh 1. Hé théng dwoc dé xudt.
2.1. Nguyén ly lam viéc

Hé théng thu hdi ning luong gié thong
qua bd chuyén d6i thuy luc hoat dong theo
nguyén 1y chuyén déi nang luong dong cua gid
thanh nang luong dién mot cach hiéu qua va 6n
dinh. Khi gi6 théi, cac canh quat gi6 s& quay,
chuyén d6i ning luong déng cia gi6 thanh
nang luong co hoc. Chuyen dong quay nay
duogc truyén qua truc quay dén bo chuyén doi
ning luong. Trong hé thong thuy lyc, bom thuy
luc chuyén ddi nang lwong co hoc tir truc quay
thanh nang luong thuy lyc. Nang luong thuy
luc nay dugc tich trir trong cac binh tich nang,
gitip duy tri mic nang luong on dinh du toc
d6 gi6 co thay d6i. Nho co ché nay, hé thong
¢6 kha nang giam thiéu dao dong niang lugng
do sy bién doi cua toc do gio. Tiép theo, ning
luong tir hé thong thuy luc duoc dan t6i dong
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co thay lyc. Pong co ndy chuyén ddi ning
lugng thuy luc trd lai thanh nang luwong co hoc,
truyén dong cho may phat dién. May phat dién
sau d6 bién ddi nang luong co hoc ndy thanh
nang lugng dién, co6 thé sac vao pin hodc cung
cp tryc tiép cho ludi dién nhu thé hién ¢ Hinh
1.

2.2. M6 hinh toian hé thong thu hoi ning
lwgng gioé

a) Mo hinh tua-bin

Cong suit ma tua-bin c6 thé tao ra dugc
tinh bang cong thtrc:

B=— pAVIC(p.2) (1)

Trong d6, p 1a khdi luong riéng cua
khong khi. A la dién tich quét cua canh quat. V
1a van toc gio. C, 1a h¢ so cong suét, phu thudc
vao goc nghleng B va ti s6 toc d6 dau canh A.
Ti s6 toc do dau canh A dugc dinh nghia 1a ti 16
giira toc d6 tuyén tinh cua dau canh quat va tdc
do gio:

xR

7

w

A= (2)

’ Trong d6, R 1a chiéu dai céph quat; o,
la téc d§ quay cua canh quat. HE sO cong suat
Cp 1a thudc do hiéu suat chuyén d6i ning luong
g16 thanh nang lugng co hoc, dugce xac dinh béi
cong thic:

Cp (B, A)=c(c,—c;f—-c, B = 05)6_06 (3)
Trong do, B la goc nghiéng canh quat; ¢,

dén ¢, lacaché sO dac trung cho tua-bin. Gia tr1
diéu chmh ctua A dugc tinh nhu sau:

&:[ 1 j 4)
2+0.088—0.0355 +1

Mo6-men xoan T, dugc tao bdi tua-bin
duoc tinh nhu sau:

I=— )

Theo dinh luét IT Newton, chuyén dong
quay cua tua-bin duoc méd ta bing phuong
trinh:

. T-Co-T,

t

(6)

Trong do, T, la mo-men tai do bom thuy
luc tao ra; J 1a mo- men quan tinh ctia hé thong;
C lah¢ s6 can.

b) M6 hinh bom thiy luc

Bom thay lyc dong vai tro chuyén dbi
nang luong co hoc tur tua-bin thanh nang luong
thuy luc. Luu luong cua bom thuy lyc dugc
tinh boi:

QPi: aPa)PDPmax (7)

Trong do, a, la goc nghiéng cua bom;
o, la téc do quay; D b 1a Iuu lugng riéng toi
da ctia bom. Hiéu suat thé tich va co hoc cua
bom dugc biéu dién béi:

QPi - QI
nvP: (8)
QP[
_ 0Dy, AD 9
v QPDPMAP + T} ( )

¢) M6 hinh dong co thiy luc

Pong co thuy luc chuyén doi ning
luong thuy luc thanh ndng luong co hoc. Hi¢u
suét thé tich va co hoc cua dong co duogc tinh
biang:
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a,D, o
= (10)
aMDM”,axa)+Qloss

d) M6 hinh tinh toan binh tich nang thuy luc

Ap suit trong binh tich ning thity luc

dugc gia dinh tudn theo qua trinh doan nhiét,
v6i phuong trinh:

an = pOVOn: pmaan:lin (14)

— aMDMm‘uAp_Z-;OSS (11)

77;M aM DMWX Ap

Thé tich dau thuy luc trong binh tich
nang dugc tinh boi:

Luu lugng thue té va mo-men xodn dau
ra cua dong co dugc tinh nhu sau:

QM=HQ—" (12) )
M V="V, 1—(—(’} ,néu p;> p, (15)
Ty=0a,ApDy, 1, (13) l
3. MO PHONG

3.1. Xay dung mo hinh mé phéng

® S S ’
’ . .l.__:._l 3
ot 8 feas LYo
0 B |
L . o
m oy (o
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Hinh 2. M6 hinh mé phong hé thong thu hoi ning lwong bang phan mém AMESim.

Bdng 1. Théng s ciia hé thong

Thiét bi Th"t‘l‘li :;’ ky Gia tri Thiétbi | Thong sb ky thudt |  Gia tri
Bom thiy lvc | Luu lugng riéng | 50 cm®/vong Ban kinh 50 m
Donghig thiy Luu lugng riéng | 28 cm?/vong Van toc gio 10m/s

: . Tua-bin - -
Theé tich 90 bar H¢ s6 cong suat 0,4
Binhtichap 1 | . ‘ Khdi lugng riéng
A A ’ y 3
Ap suat ban dau 20 1it cita khong khi 1,225kg/m
Thé tich 70 bar . ,
Binh tich ap 2 p ; : May phat dién Cong suat 10 kW
Ap suat ban dau 20 lit

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 324+325, thang 142 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Heé thong mo phong thu hdi ning luong
gid qua bo chuyén d6i thuy luc duoc xay dung
bang cach két hop AMESim va MATLAB/
Simulink, tao nén mdt phuong phap tich hop
da mién dé t6i wu hoa va phén tich hiéu suat
hé thong trong diéu kién thyc té nhu thé hién ¢
Hinh 2. M6 hinh bao gdm hé thong thuy lyuc, hé
thng dién va hé thdng diéu khién véi cac thong
s6 mo phong duoc liét ké trong Bang 1. Trong
do6, MATLAB/Simulink chiu trach nhiém cho
hé thong diéu khién, quan 1y cac thong s6 quan
trong nhu cong sut, toc do, ap sut, luu luong
va mo-men xoan. Bo quan 1y ning lugng trong
MATLAB thu thap dir liéu tir AMESim dé
tinh toan, tdi wu héa va diéu chinh cac tin hiéu
diéu khién nham cai thién hiéu suit tong thé.
AMESim mo6 phdéng chinh xéac cac hién tugng
vat ly trong hé théng thuy luc, nhu ro ri, mét
mat ap suét va dong luc hoc chét long; dir liéu
dau ra dugc chuyén sang MATLAB dé xir Iy va
phan hdi.

3.2. Phén tich két qua mé phong

Dt liéu gi6 dugce trinh bay trong Hinh
3 minh hoa cho théy su bién dong cua van tde
216 theo thoi gian trong khoang 160 gidy, dao
dong tir 8 m/s dén 18 m/s [8]. Pic diém ndi
bat cta dir liéu nay 1a tinh khong 6n dinh, thé
hién qua cac bién d6i 16n tai mot s6 thoi diém.
bac biét, tur gidy thir 100 dén giay thur 130, van
toc gié giam manh va sau d6 ting tré lai nhanh
chong. Nhitng bién doi nay phan anh diéu kién
gi6 thuc té, dic biét ¢ nhitng khu vuc c6 dja
hinh phtc tap hodc thoi tiét thay doi lién tuc.
Dir liéu nay rat hiru ich trong viéc phan tich
hiéu suit ctia hé théng tua-bin gid va kiém tra
kha ning thich img cua hé thdng thuy luc.

Téc @§ gi6 theo théi gian

E‘ {M\/\Aw /WJ\\ %\M\ Mﬂﬂr J \vw
10 u'p

=

Téc dé gié (m/s)

] 20 40 60 80 100 120 140 160
Théi gian (gidy)

Hinh 3. Dit liéu gio.

Hinh 4 thé hién sy bién d6i clia dién
ap va cuong do dong dién nap vao pin sau khi
dong ning duogc chuyén doi thanh dién ning
thong qua hé thong thu hoi ning luong trong
160 gidy. Dién ap duy tri 6n dinh, dao dong rat
nho quanh gia tri trung binh c6 dinh. Cudng
do dong dién bién dong dang ké, phan anh su
thay d6i cua gio trong qua trinh thu hdi ning
luong. Két qua nay cho thiy hé thong co kha
ning duy tri kha ning 6n dinh trong qué trinh
thu hoi nang lugng gbp phan nang cao hiéu suat
va dg tin cay trong van hanh.

Thiéng s6 lam viéc ciia Pin

Dién dp (Vol)
g
Cuirng do (;:':n;_-_diin A)

0 20 40 60 80 100 120 140 160
Théi gian (gidy)

Hinh 4. Dién ap va cuong do dong dién cua pin.

Hinh 5 thé hién sy bién d6i cta ning
luong dau vao va niang luong thu hodi boi hé
thong dugc dé xuit theo thoi gian. Tai thoi
diém cudi cung, tic 160 gidy, ning luong du
vao dat khoang 250 kJ, trong khi nang lugng
thu hdi duoc 1a khoang 150 kJ. Piéu nay co
nghia 13 hé thong thu hoi dugc 60% ning lugng
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tir tong nang lugng dau vao. Phin ning lugng
con lai (40%) bi méat mat, ¢ thé do cac nguyén
nhan nhu ton thit trong chuyén doi thuy luc,
t6n that ma sat. Két qua nay cho thiy hiéu suét
ctia hé thong 1a twong dbi t6t, nhung van cé
tiém nang cai thién dé téi da hoa luong ning
luong thu hoi.

e Ning lrgng dwge chu}'én adi

/
/
P4
200 o
/
- A
2 jrd
$1s0 /
E
E] A
=0 /
Z 100 7
z %
.
/// —Nang lwgng dau vao
50 S Nang lwong thu hoi
)
7
//

0 20 40 60 80 100 120 140 160
Thaigian (gidy)

Hinh 5. Nang lwong gié dwoc chuyén doi sang
nang luong dién.

4. KET LUAN

Heé thdng thu hdi ning luong gid thong
qua bd chuyén dbi thuy luc da duoc phat trién
nham cai thién hiéu suit va do 6n dinh trong
viéc chuyén d6i ning lugng gié thanh dién
nang. Két qua mo phong va thir nghiém cho
thiy hé thong hoat dong hiéu qua trong diéu
kién gié khong on dinh: ap suit va luu luong
thuy luc duy tri 6n dinh, dién ap hé thong gitr
virng mac du cuong do dong dién bién ddi, va
trang thai sac pin ting déu dan. Hiéu suat thu
ho6i ning luong dat khoang 60%, khing dinh
tinh kha thi va tiém ning tmg dung thuc té cta
hé théng. Pidu ndy md ra hudng phat trién moi
cho cac giai phap ning lugng tai tao bén viing
va hiéu qua.
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