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P ABSTRACT
Théong tin chung:
Ngay nhdn bai: 28/04/2020 This study is performed in order to explore the advantages and disadvantages
Ngay nhdn bai sira: 23/06/2020 of combining wind turbines at DC bus and AC bus. The research model that
Ngay duyét dang: 28/10/2020 is designed by using MATLAB/Simulink software consists of five permanent
magnetic synchronous generator (PMSG) wind turbines connected in
Title: parallel. Each wind turbine has the capacity of 200 W. When the wind speed
A study on effective solutions is 12 m/s, the simulation results show that total active power of the wind
in combining PMSG wind turbines connected at DC bus (Pr = 787 W) is higher than that connected at
turbines AC bus (Pr = 720 W). In addition, when the wind speed is variable, the
average efficiency of each turbine at DC bus (99.54%) is better than that
Tir khéa: cqnnected_at AC bus (97.64%). It can pe seen tha? the total output power of
Két hop tua bin gis, PMSG, wind turbines connected at AC bus is not maximum power because the

frequencies of AC voltage generated by wind turbines depend on the wind
speed, while the total output power of wind turbines connected at DC bus is
not affected when wind turbine operates at different wind speeds. Thus, the

tua bin gio

Keywords; . . connection of wind turbines at AC bus is ineffective.
PMSG, Wind turbine, Wind ) .
turbine combination TOM TAT

Nghién cuu duoc thuc hién nham tim hiéu nhitng wu diém va nhwoc diém khi
két hop cdc tua bin gi6 & bus DC va bus AC. Buoc mo phong bdngphdn mém
MATLAB/Simulink, mé hinh gom 5 tua bin gio PMSG dwoc noi song song va
VGi méi tua bin gié c6 cong sudt 200W. Khi mo 5 phong ¢ téc dé gio khong doi
la 12 m/s, két qua nghién ciru cho thdy két néi cac tua bin gié ¢ bus DC cho
ra cong sudt 1om hon (Pr=787 W) S0 Véi cong sudt ¢ bus AC (Pt =720 W).
Khi mé phong ¢ toc dé gié thay déi, két hop cac tua bin gié ¢ bus DC, hiéu
sudt két hop trung binh dat 99.54%, cao hon so véi hiéu sudt khi két hop tai
bus AC la 97.64%. Co thé thdy rang tong cong s sudt dau ra cua cdc tuabin gio
diegre két néi tai bus AC khéng phdi la cong sudt cuc daz Vi tan s6 ciia dién ap
AC duge tao ra béi cdce tuabin gié phu thude vao téc dé gié, trong khi tong
céng sudt dau ra ciia cdc tuabin gid dwoc két néi & bus DC khong bi dnh
hieéng khi tuabin gié hoat déng & cdc toc do gio khac nhau. Do do, viée két
néi cdc tuabin gioé ¢ bus AC la khéng hiéu qua.

Trich dan: Nguyén Thai Son, L& Quang Thé, Nguyén Hoang Nhan, Pao Minh Trung, Quach Ngoc Thinh,
Tran Nguyén Phuong Lan, Tran Hiru Danh va Trinh Thi Anh Tam, 2020. Nghién ctru giai phap két
hop hiéu qua cac tua bin gi6 PMSG. Tap chi Khoa hoc Truong Pai hoc Can Tho. 56(5A): 1-9.
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1 GIOI THIEU

Nhu cau sir dung dién ngay cang tang do sy phat
trién cua cac nganh cong nghi¢p. Dién nang ngay
nay dugc san xuat cha yéu bang cac dang ning
luong nhu thuy ndng, nhiét ndng, nang lugng hat
nhan. San xuét dién nang bang cac dang nang luong
trén gay anh huong rat I6n dén méi truong dong thoi
nhién li€u hoa thach ciing ngay cang can Kkiét. Viéc
su dung nang luong hoa thach gy phat thai 56,6%
lugng khi thai greenhouse gas (twong duong CO»)
(Sen and Ganguly, 2017). Nhu cau sir dung dién
ngdy cang tang doi hoi phai tim mot dang nang
lwong méi vira c6 thé sir dung 1au dai vira khong lam
anh huéng dén moéi truong. Mot trong nhitng dang
nang luong c6 thé dép ung dwoc yéu cau trén 1a ning
luong gid. Nang luong gié da dugce con ngudi s
dung tir rat lau bang viéc Gng dung gié dé xay cdc
loai lwong thuc hodc cac may bom nudc bang stc
gi6. Nhung viéc str dung ning luong gi6 dé san xuat
dién nang chi mai duoc quan tdm gan day. Nang
lugng gi6 1a mot dang nang lugng sach, mien phi va
gé4n nhu vo tan nhung viéc su dung no6 dé san xuat
dién nang doi hoi can phai co nhiéu kién thuc vé no
cling nhu céc trang thiét bi. Dén nam 2016, dién gié
da dap tng it nhat 5% tong nhu cau dién ning hang
nam tai 24 quéc gia va hon 10% tai 13 qubc gia. Viét
Nam nam trong khu vuc can nhiét d6i gié mua véi
bo bién dai hon 3.000 km, ¢6 thuan loi co ban dé
phat trién nang luong gié (Luong Duy Thanh va
ctv., 2015). Trong chuong trinh d4nh gia vé ning
luong cho chau A, . Ngén hang Thé gidi da co6 mot
khao sat chi tiét v& ning luong gi6 khu vuc Dong
Nam A, trong do Viét Nam co tiém ning gio 16n
nhét vai téng tiém ning dién gi6 cua Viét Nam udc
dat 513.360 MW tirc 1a bang hon 200 lan cong suét
cua thay dién Son La va hon 10 1an téng cong suét
du bao ctia nganh dién vao nam 2020 (Hoang Thi
Thu Huong, 2014). Nang lugng gié Viét Nam nam
2030 6 thé dat 12-15 GW trén bo, 10-12 GW ngoai
khoi (Duong, 2019). Pé san xuit san lugng dién
ning cao, chiing ta can phai két hgp nhiéu tua bin
gi6 lai véi nhau. Khi két hop cac tua bin gio, ching
ta phai lya chon phwong phép két hop trén bus DC
(Amin and Mohammed, 2011) hoic két hop trén bus
DC Ian bus AC (Bo et al., 2010). Bé tai md phong
Wind farm c6 cong suat 1.000 W bing cach két hop
5 tua bin gio PMSG (mdi tua bin co cong suit 200
W) theo hai cach khac nhau la két hop céc tua bin
gi6 & dién ap mot chidu (DC) va dién ap xoay chiéu
(AC) dé dua ra phuong phap két hop hiéu qua cho
cum tua bin gio.
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2 PHUONG PHAP VA PHAM VI
NGHIEN CUU

2.1 Phuwong phap nghién ciru

Nghién cttu dya trén cong thirc toan hoc, mot sb
tai liéu lién quan dén mo hinh Wind farm dé xay
dung cac mo hinh toan hoc. Tua bin gié PMSG trong
nghién ctru ndy dwoc md phong trén phin mém
MATLAB/Simulink. M hinh gdm 5 tua gi6 200 W
dugc két ndi véi nhau theo hai phwong phap 1a két
hop & dién ap AC va DC dé dua ra phuong phap két
hop hiéu qua cho cum tua bin gio.

2.2 Pham vi nghién ciru

Yéu cau dat ra cua nghién ctru nay 1a so sanh
hiéu qua két hop cac tua bin gié6 PMSG theo hai
phuong phap két hop ¢ dién ap AC va DC dé duara
phuong phap két hop hiéu qua cho cum tua bin gié.

3 MO HINH TOAN HQC
3.1 Tua bin gié

Gi6 duoc dic trung b’éri téc d6 va huong gio, bi
énh hudng bdi mot s6 yéu to r}hu vi tri dja 1}}, dac
diém khi hau, d6 cao trén mat dat va dia hinh bé mat.
Céc tua bin gi6 tuong tac véi gio, hap thu mot phan
nang lugng dong hoc cia gidé va chuyén nd thanh
nang luong str dung duoc. Nang lugng dong hoc
trong khong khi cua mot vat thé c6 khoi lugng m va
di chuyén véi van toc v bang:

1
k, = =m.v? (1)
2

Trong do: ke 1a dong nang (J), m 1a khéi luong
cua vat thé (kg), v 1a toc dd dong chay trong 1 gidy
(m/s).

) Dbi vi mot dong chay qua khu vire ngang A thi
toc do dong chay la:
m=p.Av (2)

Trong d6: p la mat 6 khong khi (kg/m®), A 1a
dién tich quét ngang cua tua bin (m?), v 1a van toc
gio (m/s).

Khi khong khi di ngang qua khu vuc A néng
luong khong khi co thé dugce ude tinh 1a (Borkar and
Kulkarni, 2015):

1
Pwind = EPAUg (3)
Trong d6: v 1a van téc gi6 (m/s), p 1a mat do

khong khi (kg/m3), A 1a dién tich quét ngang cta tua
bin (m?).
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Trong céc trudng hop thuc té, tua bin gi6 s& ludn
c6 mot hé s cong sudt nho hon hé s6 Betz. Cong
suét thu duoc tir gi6 cho muc dich mé phong dwoc
dua ra boi Barakati (2011):

P, = %.p.A.v3.Cp(/1,ﬁ) (4)

Trong do: P, la cong suét co (W), 1 1a ty 1¢ téc
d6 dau canh, 8 1a goc 14t canh (deg).

Hé sb cong suét khong phai 1a mot gia tri tinh,
cong thirc co ban vé hé sé cong suat sir dung cho
muc dich mé phong c6 thé duoc dinh nghia nhu 1a
mot ham cua ty 16 tbe do dau canh va goc 1t canh
nhu sau (Hassan and Said, 2017):

—c5

c
C,(A,B) = cl.(f—c3.ﬁ—c4).e Ai
L
+ce. A

(5)

Trong d6 cac gia tri c¢; = 0,5176; ¢, =
116; c; = 0,4; ¢, = 5; ¢s = 21; ¢; = 0,0068.
Ty 1é téc do A; dugc cho boi cong thic sau
(Alaboudy et al., 2013):
11 0,035
A A+0088 p+1 ©)

Ty 1& téc d6 dau canh duoc thé hién bang cong
thac sau (Rolan et al., 2009; Hassan and Said,
2017):

_ téc dd dau canh 1., 7
© t6cdd gid Vwing

Trong d6: r 1a ban kinh khu vyc dugc bao phu
boi cac canh quat (M), w, 1a tbe do goc cua rotor

(rad/s) v,, 1a van toc gio (m/s).

Moment co cta tua bin gié duoc biéu dién boi

cong thuc (Eid et al., 2006; Omijeh et al., 2013):

== 8
= ®)
Trong do: 7,, 1a moment co san sinh ra béi tua
bin (N.m), w, 1a tbc do cua rotor (rad/s).
3.2 May phat dién déng bé nam cham vinh
cieu (PMSG)

Méy phat ddng bo nam cham vinh ciru (PMSG)
dong vai tro quan trong trong cac hé thong phat dién
gio truc tiép dé chuyén d6i co sang dién. Trudc khi
phat trién mo hinh toan hoc cia PMSG, mot s6 gia
dinh quan trong can duoc luu y:
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— Hiéu tng giam chan & nam cham va rotor
khong dang ke;

— Cac hiéu ung bio hoa tir dugc bo qua;
— Dong dién tir xody va dong tir tré bi bo qua;

— Luc dién dong (EMF) gay ra trong cudn day
stator 1a dang song sin;

— Céc cudn day stator dugc phan bd theo chu
ky khong khi.

Méy phat dién ba pha dong bo nam chdm vinh
ctru hoat dong trong ché do ba pha nén gip nhiéu
kho khan trong viéc xac dinh phuong trinh lam viéc
cua may phat cling nhu trong viéc mo hinh hoéa va
mo phong. bé khic phuc nhugc diém nay, viéc phan
tich dwoc chuyén tir hé truc toa do abc sang hé truc
toa d6 dq. Phuong trinh chuyén co s¢ qua lai dugc
dua ra nhu bén dudi (Patel et al., 2015):

fd fa
fq = [qu]- fv )
fo fe

Phuong trinh chuyén tir hé toa d6 dq sang hé toa
do abc:

fb = [Tag] " Ifq‘ (10)

f co thé dai dién cho dién ap (V), dong dién (1),
hay tir théng (1). Trong do:

21 b3
[cos @, cos(@, — ?) cos(®, + §) ]

2 2
[quo((be)] =|sin@, sin(@, — ?n sin( @, + ?n) (11)
1 1 1
2 2 2

[ cos [ sin @, 1]
I |
I |

2m . 2m
[quo(oe)]_l _ cos(@, — ?) sin( @, — 3 1

T . 2m
cos(@, + 5) sin( @, + ?) 1
Trong d6: @ela tir thong (Wb).

Phuong trinh mé hinh dién dong cho PMSG
trong hé toa d6 dg (Kumar et al., 2009) duoc dua ra
nhu sau:

di
Vy=Rs.ig+ Ld.d—:— We-Lg-ig  (13)

dig
V, = Rs.ig + Lg. d — We. Lg.ig + we. A9 (14)
Trong d6:

Rg: dién tré stator (€2)
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Ly, L, : 1an luot 1a dién cam mdy phat trong hé
toa do dq (H)

A,: thong lugng tir thong vinh ctiru (Wh)
w,: van toc goc dién (rad/s)

We = WP (15)
V6i p 1a s6 cap cuc cua may phat dién
w,,: van toc goc co (rad/s)

ig, Iy 1a dong dién tao ra dugc do theo hé truc toa
do dq (A)

Trong PMSG loai cuc tron ta c¢6 thé xem nhu
Ly = Ly =L nén co thé viét lai nhu sau
(Chinchilla et al., 2006):

di,
Vi =Rolg+L—== .. L, (16)

o di,
Vy=Reig+L——

" W, Lig+ w,. 2y (17)

Mach dién twong dwong cho ca truc d va q tir cac
phuong trinh trén dugc dua ra nhu Hinh 1.

Ré‘ L + == i

we(Lia+Ao)
%4

Y

Hinh 1: M6 hinh twong dwong trong hé toa d¢
dg ciia may phat PMSG

_Cong sudt dién cua may phat PMSG duoc biéu
dién theo cong thirc sau (Mahersi et al., 2013):
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3
qu :E(led'i“/qlq) (18)

Phuong trinh moment dién tir duoc dua ra nhu
sau (Kumar et al., 2015):

Trong do: p 14 s6 doi cuc, A, 1 thong lugng tir
théng vinh ctru (Wb), i, 1a dong dién tao ra dugc do
theo hé truc toa do dq (A).

Dong dién va dién 4p ngd ra ty 1¢ véi moment
dién tur va toc do rotor (Kariyawasam et al., 2013):
T, = k¢l, (20)
E=k,0p (21)

Trong d6: kr 1a hang s6 moment dién t, I, 1a
dong dién ngd ra (A), ke la hang so cua suat di¢n
dong, wmla toc do co (rad/s).

) M&i quan hé giira tan s6 dién ap ngd ra va van
toc goc co cia may phat dugc thé hién qua cong thic
bén dudi:

D. Wy p 2m _p.N N
=T - N 22
e 2 60 60 (22)
V6i N 14 s6 vong quay cua may phat (rpm) Wy
la van téc goc cua truc rotor (rad/s), p 1a sé cap cuc
cua may phat dién.

M6 hinh tua bin gié trong MATLAB/Simulink

3.3 MO0 hinh tua bin gi6 trong
MATLAB/Simulink

Céc thong sb cua tua bin gié: cong suat dinh mirc
200 W, cong suit co ban cia may phat dién 200/0,9;
cong suét cuc dai toc do gi6 co ban 1a 0,73; tde do
gi6 co ban 5 m/s, van téc co ban cua rotor (pu) 1a
0,6; goc lat canh 14 0°.

Céc thong sé ciia may phat dién PMSG: dién tro
stator R, 1a 0,18 (€2), cam khang cudn day stator la
8,5%10-3 (H), hang s6 moment 1a 0,3308 (N.m),
moment quéan tinh J 13 0,002 (kg.m?), hé s6 ma sat F
12 0,002 (N.m.s), s6 cap cuc 1a 4, tdc do goc rotor
w, 12 60 (rad/s).
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Wind Turbine
P Wind speed (m/s)
Tm2 (Nm) —%
Generator speed (pu)
M -
1 ean X
@‘ (discrele) <

Simulink

Heé théng md phong bao gom 5 tua bin gio
PMSG dugc mac song song véi nhau, moi tua bin

vDC

<Rotor speed wm (rad/s)>

Irms

Reclifier
+

=

Hinh 2: M6 hinh 1 tua bin gié trong MATLAB/Simulink
3.4 Mo phéng h¢ thong trong MATLAB/

al + RMS Vrms
. iscrele] o
Vab_inv2 Vab
Yy
X Pab
Cc
B
A

gi6 c6 cong suat 200 W, tai str dung 14 tai tro c6 cong

suat 1000 W. Két hop cac tua bin gio theo hai cach

R 7

la két hop tai dién 4p DC va két hop tai dién 4p AC.
M hinh duge md phong lan luot \{(’ri toc do gio co
dinh 12 12 m/s va toc do gi6 thay ddi.

Wind Turtine 5

Hinh 3: M6 hinh két hep & dién ap AC
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Hinh 4: M hinh két hgp & dién ap DC

4 KET QUA la 12 m/s bang phuong phap két hop ¢ dién ap AC,

4.1 Két qua két hop tua bin gi6 bing di¢n dign ap ngd ra Uy = 42,67 (VAC), dong dién Iy =
ap AC 9,746(A), cong suat ngd ra Py = 720 (W), higu

411 Tée ds gis cd dinh suat két hop trung binh kha 16n khoang 97,23%.

Khi két hop céc tua bin & van téc gi6 khong ddi

»
| ]
| I

I

Hinh 5: D6 thi cong suit, dién ap, dong dién khi két hop bing dién ap AC & toc d gié cb dinh
4.1.2 Toc dé gio thay doi bang phuong phap két hop & dién ap AC, hiéu suét
Khi két hop céc tua bin & van toc gio thay doi ket hop trung binh khd I6n khoang 97,64%.
Bang 1: Két qua khi két hgp bang dién ap AC & tée dd gi6 thay ddi

Téc do gié Dong dién bién ap Tong cong suit Hiéu suat
vy, (M/s) Ig (A) Vg (VAC) Py (W) Npc (%0)
6 5,135 22,3 198,1 97,83

7 5,921 25,79 264,2 97,85

8 6,758 29,22 3417 97,63

9 7,533 32,86 428,2 97,32

10 8,326 36,11 520,1 97,21

11 9,072 39,33 617,3 97,98

12 9,732 42,66 718,3 97,73

13 10,470 45,28 819,8 97,60
Hiéu suat két hop trung binh 97,64
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Hinh 6: Db thi cong suit, dién ap, dong dién khi két hep bing dién ap AC & téc dd gi6 thay doi

4.2 Két qua két ndi tua bin gi6 bing di¢n la 12 m/s bang phuong phap két hop o dién ap DC,
ap DC dién ap ngd ra Uy = 43,33 (VAC), dong dién I =
4.2.1 Téc dé gié co dinh 10,3 (A), cong suit ngd ra Py = 787 (W), hiéu
B , ) A A N S Ve 5 0,
Khi két hop cac tua bin & van téc gi6 khong déi | suat ket hop trung binh kha lon khoang 99,82%.
T T T | T - T T I T
8 =
6 —
2 —
i | [ i L i | | [ i i
Vrms
50 T T T T T T T T ii —
40 — —
10 - —
= T -
| | | | | | | |
Pab
800 b= | | | l | | | |
- |
400 — —]
200 |— —
A= I I I I I I | I I ]
0 1 2 3 B 5 6 7 8 9 10
Hinh 7: Db thi cong suit, dién ap, dong dién khi két hep bing dién ap DC & toc dd gié cb dinh
4.2.2 Téc dg gié thay doi bang phuong phap két hop ¢ dién ap DC, hiéu suat

B B B A 3 S P 5 0,
Khi két hgp cac tua bin ¢ van toc gio thay doi kéthop trung binh khd 16n khoang 99,54%.
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Bang 2: Két qua khi két hop bang dién ap DC & tée dd gi6 thay ddi

Toc dd gi6 Dong dién Pién ap Tong cong suit Hiéu suat
vy (M/s) 14 (A) V4 (VAC) Pr (W) Nac (%)
6 5,631 23,54 229,4 99,74
7 6,155 28,72 305,9 99,48
8 7,142 31,72 391,9 99,22
9 8,086 34,61 484,1 99,81
10 8,829 38,08 581,7 99,44
11 9,289 42,46 682,4 99,62
12 10,480 43,42 787,3 99,66
13 10,880 47,53 894,5 99,39
Hiéu suat két hop trung binh 99,54
12F T T T "';‘5 T T T =
i I i i i i I [ i
Vms
0| T T T T T T ) — -
40 ——— a
%0 |- )
I I i i i i | i ]
000 Pab
1000 T T T T T T T
800 | ’ J -]
600 | —
J
" ]
I | | | | | |

Hinh 8: D6 thi cong suit, dién ap, dong di¢n khi két hop & dién ap DC & tdc dd gié thay doi

Bang 3: Két qua tong hop két hop bing dién ap DC va AC & téc dd gi6 thay doi
Phuwong

phip Két hop & dién ap AC Két hop & dién ap DC

Téc do gio Dong PDiénap Tong cong Hiéu Dong Diénap Tong cong Hiéu
v, dien vy Sut Suat dien v, Suat Suit
(m/s) Is(A)  (VAQ) Pr (W) mpc(%) Iy (A)  (VAQ) Pr (W) npc(%)
6 5,135 22,3 1981 97,83 5631 23,54 2294 99,74
7 | 5921 2579 2642 97,85 6,155 28,72 3059 99,48
8 6,758 29,22 3417 97,63 7,142 31,72 3919 99,22
9 | 7533 3286 4282 97,32 8,086 34,61 4841 99,81
10 8,326 36,11 520,1 97,21 8,829 38,08 581,7 99,44
11 | 9,072 39,33 617,3 97,98 9,289 4246 682,4 99,62
12 9,732 42,66 7183 97,73 10,480 43,42 787,3 99,66

13 | 10,470 4528 819,8 97,60 10,880 47,53 894,5 99,39

5 KET LUAN céc tua bin gid quay ¢ téc d6 khac nhau, dong dién

taora ¢ mf>i tua bin ¢ tan s6 va goc pha khac nhau
V6i cing toe do gi6 khi két hop cac tua bin & nén khi ket hop 5 tua bin ¢ dién ap AC s€ giam cong
dién ap DC cho cong suat 16n hon ¢ dién ap AC. Khi suat dau ra. Khi do, viéc két hgp céc tua bin ¢ dién



Tap chi Khoa hoc Trirong Pai hoc Can Tho

ap DC s€ cho ra cong suét I6n hon, hiéu Suit cao. Vi
vay khi ket hop tua bin gi6 nén ket hop ¢ dién ap
DC @é dat hiéu qua cao nhat.
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