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NGHIEN CU'U ANH HUGNG CUA DIEN GIO CONG SUAT NHO

VAO LUGI DIEN HA THE

STUDYING THE EFFECTS OF THE SMALL WIND TURBINES ON THE LOW VOLTAGE GRID

Truong Dinh Nhon', Hoang An Quéc', Ngé Van Thuyén', Nguyén Thi Mi Sa’,

Tiéu Xuan Hoang?

TOM TAT

Noi dung nghién ciiu cta bai bao trinh bay vé cac anh hudng ctia nguon dién
gio cong sudt nho khi két ni ludi ha thé clia hé thong dién. Cac két qua mo
phdng dugc thuc hién trén tuyén dudng 30/4, 16 vao khu du lich 30/4, xa Long
Hoa, huyén Can Gig, Thanh phd Ho Chi Minh. Cac két qua mé phdng trong mién
thoi gian dugc thuc hién trong méi trung Matlab/Simulink khi hé thong xdy ra
¢ac su 6 nhu ngan mach 3 pha, ngdn mach 1 pha trong trutng hop chua gan
tua-bin gid hodc khi gan tua-bin gid van hanh véi toc do gié cd dinh va khi toc do
gi6 thay ddi dot ngot. Tir cdc két qua md phdng nay ta co thé két luan rang bang
cach phan tich Fourier nhanh (FFT), da cho thay dugc cang nhiéu tua-bin gid thi
t6ng dd méo hai (THD%) cang I6n, thai gian phuc héi dién ap va dong dién cang
tang lam anh hudng dén chat lugng dién nang clia ludi dién ha thé.

Tir khéa: Tua-bin gid cong sudt nhd, ngdn mach, phdn tich FFT, THD%.

ABSTRACT

The research content of this paper presents the effects of small capacity
wind turbines when connecting to the low voltage grid of the power system. The
simulation results were performed on the 30/4 street, 30/4 tourist area entrance,
Long Hoa commune, Can Gio district, Ho Chi Minh city. Time domain simulation
results are performed in the Matlab/Simulink when the system has problems
such as 3-phase short-circuit, 1-phase short-circuit in case of without wind
turbine or with wind turbines operate at a fixed wind speed and when the wind
speed changes abruptly. From these simulation results it can be concluded that
by using Fast Fourier Transform (FFT) analysis it was shown that the more wind
turbines installed, the greater the Total Harmonic Distortion (THD%) as well as
increasing the settling time of voltage and current that will give the negative
affect to the power quality of the grid.

Keywords: Short-circuit, small capacity wind turbines, FFT analysis, THD%.
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1. GIGI THIEU

Khi muc tiéu thu nang lugng héa thach va muc d6 6
nhiém moi trudng khéng ngling tang Ién thi viéc tim kiém
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cac ngudn nang lugng mai la rat can thiét cho khing
hodng nang lugng clia Viét Nam hién nay. TU nam 2011,
nudc ta da xay dung mét loat cac chinh sach cong nghiép
dua trén luat ning lugng téi tao. Trong nhitng nam gan
day, cac luat, quy dinh, chinh sach va cac chuang trinh vé
sdn xuat nang lugng téi tao da dugc dua ra dé khuyén
khich phat trién nang luong tai tao. So véi cac thé hé nang
lugng méi khac, dién gid la nang lugng ré nhat va co Igi thé
ré rang, dac biét la dién gi6 cong suat nhé [1, 2.

Trén thé giGi c6 nhiéu cong trinh da nghién cdru vé viéc
tich hgp cac hé théng dién tai tao ma dac biét la dién gio
c6ng suat nhd vao lugi ha thé [3-5]. Tuy nhién, dé€ danh gia
chinh xac cac tac dong nay thi can phai thuc hién trén hé
théng dién cu thé.

Vi tiém nang vé nang luong gié tai Thanh phé HO Chi
Minh (TPHCM) dugc ghi nhan ti nam 2014 dén nam 2019
nhu thé hién bang cac hoa gié trong hinh 1 da cho thay uu
diém vé Ung dung ndng lugng gi6 dé phat dién tai cac
vung ven bién la kha I6n.
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Hinh 1. Hoa gid tram Nha Be - Can Gid tir nam 2014 dén ndm 2019

Do d¢, trong bai bdo nay, nhém tac gid tap trung
nghién ctu cac dnh hudng cla viéc tich hgp céc tua-bin gidé
c6bng suat nhé vao luéi ha thé khu vuc ven bién TPHCM, cu
thé 1a dudng 30/4, khu du lich 30/4 thudc xa Long Hoa,
huyén Can Gigd, TPHCM, kiém tra cad do 6n dinh dién &p,
dong dién, céng suat cta lugi dién trong cac tinh hudng
van hanh khac nhau.
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2. HE THONG NGHIEN CUU

Pé ti€n hanh nghién clu sy anh hudng cua dién gio
céng sudt nho dén ludi dién ha thé, trong bai bao nay tac
gia chon hé thong dién trén tuyén dudng 30/4, 16i vao khu
du lich 30/4, xa Long Hoa, huyén Can Gid, TPHCM @& tién
hanh mé hinh héa va mé phéng nhu két qua thé hién trén
hinh 2.

TBAHIOK]
LONG HOA
<80
Y
]
e
T
of)
o1
', A4
aa aa
o LY 13
1 R
RN \m\"itl ko
JEUVEN W T | T tedl
21y e
- mz.:_:_"
)
o
1 A B Ak i s
o, - - o Q. o, e dTRE
[ w & = - - -
i o " o o 1 A
e ——— i -t e
——h [ =
O OO S SO O O e o o o o i S o S o S O o T
G AN A @b Al o A e e eh o an o gy o o oA lll g oa f
uft ug 48 ‘.4§ b ug uff L?g ucﬁm%‘v@_ UZE La‘ﬁla@ﬁ&tv@w.wguzguﬁmgmgufé‘hsg
= =< = v v v
ChoHarghHPhLao. HT Brcecan

Binah
CoM Kt N T TN T D T Mo 2 Ctocin QuanLoog Q0L 34Resot M Cambig .~~~ Cachocan Cahodand

Hinh 2. M hinh s¢ d6 hé thdong dién nghién ctiu trong Matlab/Simulink

Hé théng dién nghién cdu la ludi dién ha thé 22kV dugc
ré nhanh ti tram 110kV thudc xa Long Hoa, huyén Can Gig,
TPHCM, 16i vao dudng 30/4 khu du lich bién Can Gis. Dé
don gian trong viéc mo ta hé théng dién nghién cdu cing
nhu xét dé€n anh hudng clia cac tua-bin gio trong hé théng
nay, nhom tac gia chi nghién ctu 2 tram ha thé la tram
Nguyén Véan Van 250kVA gém 3 CB 250A cung cap cho
khoang 13 phu tai (170kVA) va tram 2/9 400kVA gobm 4 CB
250A cung cap cho khoang 12 phu tai (190kVA) khu vuc
truc doc dudng 30/4.

Céc tua-bin gié s dung may phat dién nam cham vinh
cliu (PMSG) 3 pha tich hgp du tr, inverter la cac thiét bi
dién tir cong suat dé diéu khién hoat déng clia may phat cé
téng cdng suat 1a 9kW. Cac thiét bi dién ti cdng suat cho
phép linh hoat dang ké trong viéc cung cap ning lugng
cho luéi dién va cling chinh day la nguyén nhan gay ra moét
s6 anh hudng khi tich hgp tua-bin vao ludi nhu song hai, su
chap chan dién ap... khi téc d6 gi6 thay déi hodc cac su ¢
nghiém trong, lam anh hudng dén chat lugng dién nang.
Cac tua-bin gi6 dugc dé xuat gan & cac vi tri sau:

- Khu vuc Chg Hang Duong

- Khu Resort Can gi¢

- BQL khu du lich 30/4

M6 hinh toan hoc cila may phat dién PMSG

Trong nghién ctu nay, tua-bin gioé c6 céng suat 3kW, 3
canh, dién ap ra 120VDC, t6c d6 gi6 khai dong 2m/s, téc do
gi6 danh dinh 12m/s, t6c d6 gi6 t6i da 35m/s [4, 5].
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Hinh 3. M hinh mdy phat dién tua-bin gié

Véi may phat PMSG nay thi phuong trinh todn hoc dugc
mo ta nhu sau [4,5]:

- Phuong trinh dién ap va dong dién:

V, R L
iid =4 i +2w,i, (1)
at® L, L,° L,

V., R L A
iiq :_q__siq +_qweid _NoWe (2)
at L, L, % L, L,

Véi w, =pw,

- Phuong trinh m6é men dién tu trong may phat PMSG
dugc mo ta bai phuong trinh sau:

T, =1,5p[Agi, + (L — Ly igig J(N.m) 3)

Trong do:

Ly Ly DO tu cdm cha may phat trén trucd va q (H)

Rs: Dién trd Stato

i iq: DONg dién trén truc d va truc q (A)

Vy V,: Dién thé tru cd va truc q (V)

w,,: T6c dd goc Rotor (rad/s)

Ao: TU thong cdia nam cham vinh cdu (Wb)

p: sO cdp cuc

- Phuaong trinh bién di Park chuyén déi gitta hé toa dé

quay dq va hé toa d6 3 pha abc va ngugc lai dugc thuc hién
b&i phép bién ddi park cho duéi day:

fq fa
£ =Tl , )
fO fc
fa fq
Va [, |=[To|f, (5)
fc fO
f,= E{fa cosh, +1, cos[ee —2—"j if cos[ee +2—”H (6)
3 3 3
f = —E{fa cosh, +1, sin[ee —2—"j f sin[ee +2—"ﬂ (6b)
3 3 3
f, =f,cosB, —f,sin6, (7a)
f, =f, cos(ee —2?11] ~f, sin(ee —2?"] (7b)
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Hinh 4. Dac tinh cong sudt cta tua-bin gié

Hinh 4 cho thay dac tinh céng sudt phé bién clia tua-bin
gi6 v6i cac téc dd gi6d khac nhau. N6 cho thdy su thay ddi
céng suat dau ra cla tua-bin gio véi téc do gid khac nhau.
& day tua-bin dat cong suat toi da khi téc do gié & muc
7m/s va téc do dinh muc ciia may phat la 1p.u. R6 rang la
néu dugc yéu cau, dau ra cla tuabin gié c6 thé dugc thay
déi bang cach thay déi téc dé canh quat vdi téc do gioé dat
trudc, chdng han 7m/s. Dau ra cla phia réto/may phat bod
chuyén d6i dugc thao tac dé kiém soat cong sudt dau ra
cla tua-bin gio.

3. KET QUA NGHIEN CUU
3.1. Khi chua gan tua-bin gié

Khi chua c6 cac may phat dién gio, gia st xay ra su c6
ngdn mach 3 pha tai MCCB1 vao thdi diém 1 gidy va ngan
mach 1 pha tai MCCB7 vao thoi diém 2 gidy. Két qua mé
phong gié tri dién 4p tai MCCB Nguyén Van Van va chg
Hang Duong dugc thé hién trong hinh 5 va 6.

Tu két qua nay ta nhan thay rang, khi xay ra sy c6 ngan
mach 3 pha MCC1 tai thoi diém 1s, dién 4p tai cac tai L1
(Chg Hang Duong), MCCB Nguyén Vén Van giam xuéng 0
va nhanh chéng phuc héi trong 0, 1s.

Khi ngédn mach 1 pha MCC7 tai thai diém 2s thi sut ap &
MCCB Nguyén Vin Van gidm khéng dang ké va cing
nhanh chéng phuc héi.

1.2

1A

0.8

o
o

VMCCB Nguyen Van Van (p-u)
o
~

Hinh 5. Dién ap tai MCCB Nguyén Van Van khi ngan mach
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Hinh 6. Dién ap tai chg Hang Duang khi ngan mach
3.2. Khi gan tua-bin gié

Khi t6c d6 gi6 6n dinh & muc 8m/s, tai thoi diém 0,55
déng tai 2.500W va thai diém 1s bi ngédn mach 3 pha trong
thai gian 0,1s. Cac két qua mo phong ctia dong dién va dién
ap cda tua-bin lan lugt dugc trinh bay trong hinh 7 va 8.

Dua vao cac dé thi két qua mé phdng, khi téc d6 gié 6
dinh & muc 8m/s, dong tai 2.500W dét ngot tai thai diém
0,5s thi dién ap, dong dién cua tua-bin tang khong dang ké.
Tuy nhién, khi ngdn mach 3 pha trong thai gian 0,1s tai thai
diém 1s thi dién 4p xudng OV va nhanh chéng phuc hoi,
dong dién thi ngugc lai dot ngot tang dén 250A.

300 T T

250

0 05 1 1.5 2
t(s)

Hinh 7. Dong dién tua-bin gié
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Hinh 8. Dién p tua-bin gié
Khi t6c dé gio thay déi tir 8m/s xudng 6m/s tai thai gian
1,5s vdi tdi khong d6i thi dién ap cla tua-bin van 8n dinh
nhu trong hinh 9.

Tién hanh tha nghiém su ¢6 ngan mach 1 pha tai MCC7
tai 0,5s v3i tc d6 gi6é 8n dinh 8m/s, dién &p dau ra tua-bin
xuéng 0V, dao déng chut it réi tré vé ban dau, nguoc lai

Website: https://tapchikhcn.haui.edu.vn

dong dién tang cao gan 200A tai 0,5s, dao dong chut it
truéc khi phuc hoi nhu trong hinh 10 va 11.
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Hinh 9. Dién p tua-bin gié
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Hinh 10. Dién dp tua-bin gié
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Hinh 11. Dang dién tua-bin gié
3.3. Phan tich FFT cua dién ap tai tua-bin gié khi ngan
mach 1 pha MCC7 tai 1s

Hé théng chuyén déi nang lugng gié clia may PMSG
dugc két ndi vai tai ba pha théng qua cac bd chuyén déi
(AC/DC/ACQ). Séng hai la gay ra bdi nhimng hé théng chuyén
déi nay. D€ giadm cac song hai nay can st dung mot bo loc.
Cé hai loai bo loc thudng dugc st dung, bé loc cht dong va
b6 loc thu déng. D€ phan tich muic dé séng hai ctia hai bo
chuyén d8i AC/DC lam viéc & t6c dd gi6 khac nhau, ta su
dung phuong phap bién d8i Fourier nhanh (FFT) dé xac
dinh song hai. K&t qua phan tich FFT dién ap tai tua-bin gié
dugc thé hién & hinh 12.
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Selected signal: 100 cycles. FFT window (in red): 100 cycles
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Fundamental (50Hz) = 351.4 , THD= 15.80%
T T T T

. . L L L L
4 6 8 10 12 14 16 18 20
Harmonic order

Hinh 12. Phan tich FFT cGa dién p tua-bin

Dua vao phan tich FFT nay ta nhan thay rang téng méo
hai khi co su ¢6 & diéu kién c6 tai la 15,8%, chd yéu la bac 1
& tan s6 ca ban 50Hz.

Két qua phan tich FFT & hinh 13 cho thdy téng méo hai
dién ap tai bus xa nhat so vdi diém ngdn mach thap hon tai
tua-bin gié, cu thé 13 12,82%, thap hon 2,98%.

Signal
Selected signal: 100 cycles. FFT window (in red): 100 cycles
400 T y T T T

200 ﬁ i
i |
-200 |

0 02 04 06 08 1 12 14 16 18 2
Time (s)

Fundamental (50Hz) = 360.5 , THD= 12.82%
T T T T

. . . ! ! L
0 2 4 6 8 10 12 14 16 18 20
Harmonic order

Hinh 13. Phan tich FFT dién ap tai bus xa nhat so véi diém ngan mach

3.4. Phan tich kha nang tich hgp tuabin gié vao luégi ha
thé

Pé danh gid muc d6 anh hudng clia viéc l3p dat dién
gio cong suat nho vao ludi ha thé, tac gia tién hanh lap dat
thém 3 may phat dién gi6 (mbi tua-bin ¢d cong sudt 3kW)
tai hé dan (MCCB7) va tién hanh mé phong su ¢6 ngan
mach 1 pha tai MCCB?7 khi téc d6 gio la 5m/s.

Tién hanh phan tich FFT dién ap va dong dién tai tua-
bin gi6 khi ngdn mach 3 pha chg Hang Duong va 1 pha tai
hé dan gan tua-bin gi6 ta c6 két qua nhu trong hinh 14 va
15. TU cac két qua phan tich FFT nay ta thdy rang vai bién
do dién ap dinh 351,2V thi téng d6 méo hai THD = 11,96%
va vdi bién d6 dong dién dinh 75,67A thi téng d6 méo hai
THD = 46,45% cao hon so vdi khi chua gan tua-bin gio.
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Hinh 14. Phan tich FFT dién ap tai tua-bin gid khi ngan mach 3 pha chg Hang
Duang va 1 pha tai ho dan gan tua-bin gio
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Hinh 15. Phén tich FFT dong dién tai tua-bin gi6 khi ngan mach 3 pha chg
Hang Duang va 1 pha tai ho dan gan tua-bin gié
4, KET LUAN

Bai bdo da trinh bay viéc phan tich va danh gid nhing
anh hudng clia viéc tich hgp cac tua-bin dién gi6é cdng suat
nho vao lugi dién ha thé tai khu vuc huyén Can Gig,
TPHCM. Cac két qua mo phong trén cong cu Simulink clia
phan mém Matlab da dugc thuc hién trén cac diéu kién van
hanh khac nhau ctia hé théng dién nhu sy ¢6 ngédn mach 3
pha, hoac khi téc d6 gié thay déi dot ngot. Co thé két luan
tUr cac két qua nghién ciu rang cang nhiéu tua-bin gié thi
téng d6 méo hai cang 1dn, thai gian phuc héi dién ap va
dong dién cang tang lam anh hudng dén chat lugng dién
nang cda lugi dién. D€ giai quyét van dé nay, nhom tac gia
xin dé xudt mot s6 gidi phap dé nang cao dé 6n dinh cla
hé théng nhu sau:

- SU dung gidi thuat thong minh dé diéu khién téi uu
cac ngudn cong suat phan tan nham gidm cac anh hudng
dén lugi ha thé khi tich hop dién gié cong suat nhé.

- C6 thé két hgp cac thiét bi FACTS dé€ nang cao kha
nang hoat déng én dinh cda hé théng.
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