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TOM TAT

Nghién ctru st dung va khai thac hiéu qua ngudn nang lwong gié ciling nhw ngudn pin mét tréi va pin
nhién liéu d& phat dién c6 y nghia thiét thuc dén viéc gidm bién ddi khi hau va gidm sw phu thudc vao cac ngudn
nhién liéu héa thach cé nguy co can kiét, gay & nhiém méi trwdng. Dé tuabin gié van hanh téi wu véi van tbe gié
nhét dinh, thi hé théng phai tw diéu chinh theo sy thay ddi clia van téc va hwéng gié. Cong nghé hién nay dang
st dung cac té bao quang dién (solar cells), & dam bao cac té bao quang dién luén hoat dong & cong suét tdi
da, hé théng phai van hanh quanh diém cwe dai MPP. Viéc két hop tuabin gi6é véi ngudn pin mat trévi va pin nhién
liéu ndi lwéi, wu diém cta hé thdng Ia sw cha déng dwoc ngudn ddu vao. Bai bao dad dua ra dwoc két qua mo
phéng hé théng didu khién ndi lwdi cho tuabin gié két hop véi ngudn pin mat troi va pin nhién liéu st dung
phwong phap gidi thuat hé bam didm céng suét cwc dai (Maximum Point Power Tracking — MPPT) nham duy tri
cong suét phat t6i da ctia hé thdng bat chap tai néi véi hé thdng.

Tir khéa: Nang lwong tai tao; tuabin gid; pin mat troi; pin nhién liéu; hé bam diém céng suét cuc dai

ABSTRACT

The research aims at effectively using and exploiting wind energy, solar energy and fuel cell sources to
generate electricity. This is meaningful to the reduction of climate change and dependence on fossil energy
sources which are at the risk of both being exhausted and causing environmental pollution. The rotor system must
function and be self-adjusted to the change of wind speed and direction so that the wind turbine operates
optimally at a certain wind velocity. Modern technology has been using solar cells and the system must operate
around the maximum power point (MPP) to ensure that solar cells are always at the maximum capacity. The
combination of wind turbines, solar cells and fuel cells enables the system to gain active fuel input. The paper
presents the result of modulating the grid-connected control system for wind turbines combined with the solar and
fuel cells power model using the algorithm of Maximum Power Point Tracking (MPPT) in order to maintain the
maximum capacity of the systems regardless of connected power loads.
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1. Dit vin d@ mit troi hang nim cung cip cho trai dit mot
) ning luong khong 16, gap 10 1an trir lugng cac
ngudn nhién liéu co trén trai dat. Cong nghé pin
nhién liéu str dung dé phat dién co thé dat hiéu
sudt khoang 47% so voi viée ding cac ngudn
nhién liéu hoa thach, hiéu suét dat khoang 35%.
Tuy nhién, dé khai thac, st dung ngudn ning
lwong gid ciing nhu ngudn ning lwong mat troi
va pin nhién liéu sao cho hiéu qua nhim thay thé
dan cac ngudn ning luong hoa thach ngay cang
can kiét, gdy 6 nhiém moi truong dang 1a muc
tiéu nghién ctru cua nhiéu qubc gia. Hé thong
diéu khién ndi ludi cho tuabin gié két hop véi
ngudn pin mit troi va pin nhién liéu nham hudéng

Ngay nay, cung véi sy phat manh mé cua
thé gi6i, nhu cau st dung ning luong cua con
ngudi ngdy cang ting. Ngudn ning luong tai tao
néi chung, ngudn ning luong gid, ngudn ning
lwong mit trdi va ngudn pin nhién liéu néi riéng
la dang ngudn ning luong sach, khéng gay 0
nhiém méi trudng, dong thoi tiém ning vé trix
lwong cac loai ning lugng ndy & nudc ta rat 16n.
Theo s6 lidu ciia Ngan hang thé gisi, tiém niang
gi6 clia Viét Nam (& do cao 65m) rat kha quan,
wdce dat 513. 360MW, 16n hon 200 1an cong suit
nha méy thiy dién Son La. Ngudn ning lugng
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dén phét trién ludi dién thong minh va diéu
khién linh hoat cdc ngudn phan tan.
2. Hé thong diéu khién ndi luéi cho tuabin gi6
két hop véi ngudn pin mit tréi va pin nhién
liéu

Hé thong diéu khién ndi ludi cho tuabin
gi6 két hop véi ngudn pin mit troi (PV) va pin
nhién liéu bao gém cac thanh phﬁn co ban, nhu
hinh 1.

Tuabin gi6 May phét dién

—5 8—| —»D
d6 gid

mat trol (PV)

AC/DC

Hé théng tuabin gi6 qua may phat dién
cho ra dién ap (AC), qua bd chinh luu (AC/DC)
dién 4p ra mot chiéu (DC). Dién ap dau ra cia
pin mat troi va pin nhién li€u 1a dién ap mot
chiéu (DC) cac dién 4p mot chiéu nay qua bd
nghich luu (DC/AC) dua ra dién 4p xoay chiéu
(AC) ndi ludi.

Bus DC

Mat troi
HT_Pin L
flow - .
' . . > Nhien ——=/=—— ] Lot
L Tai AC
Tich trir |<hiN2 DC/DC
Dién - H
o
:\?ng/\, o <Oj4_ ==
udc
Qua trinh dién phan
Hinh 1. Hé thong diéu khién néi ludi cho tuabin gié két hop véi nguon pin mdt troi va pin nhién liéu
2.1. Mb hinh tuabin gié (WT 116 =
ingio(Wwny C,(%, ) = 05176(*>~0.45 ~5)e * +0.00681 (2)
Theo [1] cong suat cia tuabin gi6 dugc A
tinh theo biéu thic: 1 1 0.035
voi — = - ®3)

P, = cp(z,ﬁ)%’*w (1)

Trong do: Pm Céng suat dau ra cua tuabin
(W); Cp(}\. B): Hé s6 bién doi ning lugng (4 ty s6
giira toc do dau canh A va gdc canh B); A: Tiét
dién vong quay cua canh quat (m?); p: Méat do
ctia khong khi, p = 1. 255 (kg/md). Tir biéu thirc
(1) ta thdy van tdc gi6 1a yéu t6 quan trong nhét
clia cong sudt; cong sudt ddu ra ting theo liiy
thira 3 van tdc.

Hé sb bién d6i nang luong Cp(h, B) cua
biéu thirc (1) theo [2] duge tinh nhu sau:

A A+0.088 1+p°
Nhu ta di biét ty sb téc do dau canh
o ; R .
tuabin gi6 va toc do la: A = no trong d6 o toc
\

d6 quay cua tuabin, R ban kinh cta tuabin, v van
toc cua gi6. Theo [2] mOmen cua tuabin gio
duoc tinh nhu sau:

P 1 w*
T B _ 1 Rrsc 4
" w 277 PE )

2.2. M6 hinh mdy phdt di¢n (PMSG)
Mb6 hinh may phat dién dong bd nam

dién
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cham vinh ctru (PMSG) c6 hai loai hé truc toa do
dugc st dung: hé toa d6 of gin cb dinh voi
stator va hé toa d6 dq con goi la hé toa do twa
hudng tr thong rotor. Theo [3], phuong trinh
dong dién va dién 4p cia PMSG biéu dién trén
hé toa do dq nhu sau:

dI_Sd:i| +

§ _Sa
dt Tsd ; ) Lsd . Lsd
di, L, . .
L= -, i, —ilsq +iuSq —a)sﬁ (6)
dt qu qu qu qu

Trong d6: Lsg di€én cam Stator do & vi tri
dinh cuc; Lsq dién cam Stator do & vi tri ngang
cuc; v, tir thong cuc (vinh ctru); Tsg, Tsq 12 héng
s6 thoi gian Stator tai vi tri dinh cyc. Phuong
trinh mémen tinh nhu sau:

3 . -
my, = E Pc[l//plsq + Isdlsq(Lsd - qu)] (7)

2.3. M6 hinh pin mat troi (PV)
* Dong dién dau ra cua pin theo [4, 5]
duoc tinh nhu sau:

B q(\/+IRSJ ] (V+IRSJ
=1, 1 |exp| = [—1]-| 22T |(g)
P { ( KT.A R,,

Trong d6: q: dién tich electron = 1. 6 x10
19C, k: hang s6 Boltzmann’s = 1. 38 x102J/K,
Is: 1a dong dién bao hoa cua pin, lph: 1a dong
quang dién, T¢: nhiét do lam viéc cua pin, Ren:
dién tro shunt, Rs dién tré cia pin, A: hé s6 1y
tuong. Theo biéu thic (8) dong quang dién phu
thudc vao nang lugng mat trdi va nhi¢t do lam
viéc cua pin do do:

IPthISC+KI(Tc _Tref)JH (9)

Voi: Is: 1a dong ngén mach & nhiét do
25°C, K;: hé sé nhiét do cua dong dién ngin
mach, Ter: nhiét do ciia bé mit pin (nhiét do
tham chiéu), H: birc xa ctia mat troi kW/m2

O day gia tri dong dién bio hoa cua pin
véi nhiét do cua pin dugc tinh nhu sau:

T qEG (Tc - Tref
I, =1 °)e 10
) e (Tref ) Xpl: Tref Tc kA ( )

Trong d6: Irs: 1a dong bio hoa nguoc & bé

mat nhiét d6 va buc xa ctia madt troi, Eg: ndng
luwgng viung cép ctia chét ban dan, phu thudc vao
hé s6 1y truong va cong nghé lam pin. Mt khac
mot pin mét troi c6 dién ap khoang 0, 6V, do do
mudn co dién ap lam viéc cao thi ta mac nbi tiép
cac pin, mubn co dong dién 16n thi mic song
song, nhu hinh 2.

Ns

NsRs/Rsh
Ny

+

§ NsRs/Rsh V

NplphCD P i
wlyry ¥

Hinh 2. Dong dién 1 modul tam pin

Vay dong dién mdt modul tAm pin s€ la:
VIR, NV

— — 4R,
S p _1 _ s

kT.A R,

4

F=N,1, = NI exp

11)

* Phuong phép diéu khién bam diém cong
suit cuc dai (Maximum Point Power Tracking —
MPPT): hién nay c6 nhiéu k§ thuat dé diéu khién
pin mit troi bam diém cong suit cyc dai. Nhimg
ky thuat ndy c6 thé phan thanh 2 nhom chinh
sau: k¥ thuat tim kiém va k¥ thuat tim kiém dwa
trén md hinh. O k¥ thuat tim kiém d& thuc hién
nhung doi hoi moét s6 budce 16n méi hoi tu dugce
diém cuc dai MPP trong khi d6 s& hoi tu rét
nhanh diém MPP véi k¥ thuat tim kiém dya trén
mo hinh. K§ thuat nay ddi hoi phai biét chinh
xac thong sb clia pin mat troi va cac sd do ca
nhiét d0 va blrc xa mat troi.

2.4. M6 hinh pin nhién li¢u (FC)

Dua vao mbi quan hé giita dién ap dau ra
va ap suit riéng phan ciia hydro, oxy va nuéc
theo [6] mo hinh pin nhién liéu mang trao doi
proton — PEMFC (Proton Exchange Membrane
Fuel Cell) dugc tinh nhu sau:

d,, K

==K,

sz \/ M H, (12)
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Ov,o Ko K

0. M =Ruo
va M0 VRO (13)
Trong do: On . dong chay dau vao cia

hydro (kmol/s); Ph, . &4p suat riéng phan cua
hydro (atm); Ka: hing s& van andt

L/kmol.kg /(atm.s)J; M. . khéi luong phan ti

hydro (kg/kmol): K, . hing s6 phan tir van
hydro [kmol/(atm. s)]. Béi v6i dong chay hydro
phan tir, ¢ ba yéu t6 quan trong: dong chay dau
vao hydro, dong chay dau ra hydro va dong chay
hydro trong phan tmg. Mbi quan hé giira cac yéu
t6 nay c6 thé duoc biéu dién nhu sau:

d RT [ ;
o P my(oh —ai -l

t an (14)
Trong d6 T: nhiét do tuyét ddi (K); Van:

in
thé tich andt (md); Gn . dong chay dau vao

out

hydro (kmol/s); G . dong chay dau ra hydro
(kmol/s); Oh. . dong chay hydro trong phan ung

r
(kmol/s). Bidu thirc (14) I dugc tinh nhu sau:

N,N.I

Ch:2 :%ZZKJFC (15)

Véi: No: s6 Iwong ciia pin nhién liéu trong
ngan xép; Ns: sb ngan xép duoc sir dung trong
nha may dién; Iec: dong dién pin nhién liéu (A);
K:: hang s6 mo hinh [kmol/(s. A)]; F: hang s6
Faraday (C/kmol). Tur biéu thuc (12), (15) ta
bién d6i Laplace, ap suét hydro dugc viét lai nhu
sau.

1
KH in
Pu, Zﬁ(%z _2KrIFC)
i (16)
Véic He héang sb thoi gian cua hydro (s)
Van
T, =
Ky, RT

va (17)

Dién 4p cua hé thong pin nhién lidu duoc
tinh nhu sau: Vcell=E+zyact+nohmic (18) ¢ day:

4

Na =—BIN(Cl ) (19)

int
Va Monmie =R 7 e (20) Trong d6: R™:
ndi trd ctia pin nhién liéu (Q); B, C: hang sé dé
mo phong qua dién ap kich hoat trong hé thdng
PEMFC (AY) va (V); E: dién ap tuc thoi (V);
Nact: qué dién ap kich hoat (V); Nohmic: qua ap ndi
trd (V); Veen: dién ap dau ra cua hé thdng pin
nhién licu (V)

Theo [7] dién 4p tirc thoi duge xac dinh

nhu sau:
P
E=N,|E, + L log Pre Vo,
2F P

(21)

H,0

Trong d6: Eo: dién ap chuan khi khong tai
(V); Poz: 4p suit riéng phan cua oxy (atm);

Przo: 4p suét riéng phan cta nudc (atm).
Heé thdng pin nhién liéu tiéu thu lugng khi hydro
theo nhu cdu cua phu tai dién. Theo [8] luong
khi hydro c6 san tir thung chira hydro duoc tinh

nhu sau: = NoNslee OZI\ILSL; FC

re
Trong do: Qi - s6 lwong khi hydro can
thiét dé dap ung sy thay déi tai (kmol/s); U: hé
s6 sir dung, tiy thudc vao cdu hinh hé thong pin
nhién liéu, dong chay cta khi hydro va oxy.

(22)

3. Céc b bién doi
3.1. By bién dbi 2 trang thdi DC/DC

Muc dich cia bd bién dbi 2 trang thai
DC/DC la tao ra dién ap mot chiéu (DC) duoc
diéu chinh dé cung cap cho cac tai thay doi, do
dién ap ¢ dau ra cia cac ngudn pin mit troi, pin
nhién liéu khong du 16n. Do d6 ta ding bd bién
d6i DC/DC dé nang dién ap dau ra dat yéu cau
va cép tryc tiép cho dau vao ciia bd nghich luu
(DC/AC). Theo [9], bd bién d6i 2 trang thai
DC/DC (Buck — Boots Converter) nhu Hinh 3.

Khéa (K) =
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Hinh 3. So d6 b¢ bién d6i DC/DC
3.1.1. Khi khéa (K) ¢ trang thai dong
Ta xét trong khoang thoi gian t = 0 dén
t = DT, dién ap trén cudn day L la Ui. Khi do
cong suat trén cudn day L dugc tinh nhu sau:

1

1 DT DT
P =2 !UiILdtz?Ui _([ILdt(ZB)

Véi diéu kién dong qua cudn diy L la
hang s, cong suat qua cudn day L dugc viét lai
nhu sau:

DT
L [dt=U;1 D@4
0

3.1.2. Khi khéa (K) o trang thdi ngat

Ta thay ning luong trén cudn diy L bat
dAu x4 ra, Diode bat dau din dién ap trén cudn
day L cung cap cho tai Up. Khi d6 ta c6 cong
suét trén tai:

Z—IUL L IUolLdt (25)

Véi diéu kién 1y tuong thi Up va I, 1a hing
s6 luc do cong suét dau ra duoc viét lai nhu sau:
1
Pout = fuolL(T -DT)=U,l (1-D)(26)
Tir phuong trinh (24) va (26) ta viét lai
nhu sau:

U, (D
u, (1—Dj @

bién 4p sau khi qua bd DC/DC s€ tang
I&n, nho bo didu khién xung kich, ta c6 thé diéu
chinh dién 4p ra mong mudn bing viéc diéu
chinh D.
3.2. By chinh lwu va bé nghich luu

3.2.1. M6 hinh toan hoc cho bé chinh lwu

——

— VO ——ag ,
e, L R _la A |va
m_(: —
e, L Jid
_NY'L:

—H& : -k

Hinh 4. So' dé dong dién va dién ap cia b chinh

So d6 bd chinh luu diéu ché theo phuong
phap d¢ rong xung (PWM), nhu Hinh 4. Theo
[10], dé dat dugc muc tiéu 1a diéu khién céc
thanh phan cong suit phat vao ludi tir cac ngudn
dién gid, pin mat tro1i, pin nhién li¢u, thi hién nay
¢6 nhiéu phuong phap dé diéu khién cho bd
chinh luu PWM nhu phuong phap: VOC, DPC,
VFVOC, VFDPC. Dya vao so d6 Hinh 4, ta xay
dung biéu thirc dién 4p cta bd chinh lvu PWM
nhu sau:

di
d? :ea_(saudc+uNO)
di,
LE+ Ri, =e, — (S uy. +Uy,)
di (28)
L dtc + Ri, =e, —(S.uy. +Uyo)
du,,

Biéu thirc (28) chuyén sang hé toa d6 dq
duoc viét lai nhu sau:

C;IE' =€, — Riy —S,u,, + ol
di, .
< LE_E q —Squdc—a)le (29)
3S
C—d(l;E‘C = 32" iy +quq —i,
\

Phuong trinh dién 4p 3 pha ndi ludi duoc
viét nhu sau:
di R. . 1
—c=——i + (U -U
dt L L,

S

«) (30)

Trong do6: R, Ls 1a cac dién tro va dién
cam cua duong day, k: thir tu pha a, b, ¢. Phuong
trinh (30) chuyén sang hé toa d6 dq dwoc viét lai
nhu sau:
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o di : :
di, _ :
< Lazeq —Rig =S Uy —aliy (3
3S
C dstd - 32(’ o+ =0, -l
N

Véi: Uge: 1a dién ap 1 chiéu tir bd bién dbi
DC/DC; Us: 1a dién 4p déu cudi cua tai; 8: 1a goc
pha cua dién 4p; os: tan sd goc (bang 6s = ws. 1);
m: chi s6 diéu ché cua bo nghich luu, Usy Usp,
Use.

3.2.2. M6 hinh todan hoc cho b nghich luu

L R - S

bo : _'E'rw :
e e

bién T~ A b

@i | = - _F H.IT

DC

v UilJilJie UerlJelJen

Hinh 5. So d6 nghich heu DC/AC va néi

Theo [11], dé dong bo ndi ludi thong qua
I/ni:' Eﬁ

o

=

Hinh 6. So d6 diéu khién cho 2 mach vong dong dién

4. Mo phéng mé hinh trén matlab/simulink
4.1. Xay dung mé hinh

Mo hinh dugc xay dung dwa trén so dd

bd nghich luu (DC/AC) nhu so do hinh 5. O day
cac gia tri ia, Ip, ic V& Uia, Uib, Uic 1a dong dién va
dién ap ngod ra cua bo nghich luu.
3.2.3. Tong hop cdu triic hé thong diéu khién
Theo [12], gia tri dau ra cua dién ap qua
bd chinh luu va lb(f) nghich luu, chuyén sang hé
toa d6 dq duogc tong hop theo phuong phép dong
dién va céc biéu thuc xac dinh nhu sau;

A :—(de +%)(I; —i, )+ ey +ali, (32)

* qu 3 . -
Vq = qu +? (Iq —|q)+ eq —CDL|d (33)

=i

Hinh 7. Biéu khién mach vong trong ciia dong dién

ciu trac hé thong diéu khién ndi lu6i hinh I,
muc 2. Hé thong bao gom tuabin gid, pin mat
trdi va pin nhién liéu, so d6 mdé phong nhu hinh
8.
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Continuaws

TUABIN 310 VA MFD
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Hinh 8. Hé thong diéu khién néi ludi cho tuabin gié két hop véi nguon pin mdt tréi va pin nhién liéu

4.2. Két qui mé phong

14000

—~— = r r r r
10000 / \“—* 40 Pién 4

8000 \ ﬁ o ap

6000 / P t 30 ‘

4000 / ‘ ‘ e ‘ 20

2000 \ / K/ Dbng

% 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.z 10, . l l l
Hinh 9. Cong suat tuabin glO{ ”) % 0.02 004 006 008 01 012 014 016 018 0.2

350 N N A N\ gea 1 ) . - \.

00 Hinh 13. Dong dién va dién dp ciia pin mdt troi

250 P

200 // ,x10"

150 1.5 N
100 / 1 '}

* “N | A
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Hinh 10. Céng suat ciia pin mat troi(W) 4
-1»SJ \/ AAAA /
vV \"
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200 \
200 \
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Hinh 11. Céng suat cua pin nhién liéu (W)
* [ T
. /\\
20 I bién 4p xéc lap
\\ nn
30 1 | | |
q } } }
Moo T -
10 ~ | Dong dién xéac
K roan ( 1Aal AN
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Hinh 12. Dong dién va dién dp ciia pin nhién liéu

Hinh 14. Dién dp noi hedi Uane (V)

Nhan xét: Qua két qua mo phong ta thay,
& thoi diém t < 0.02s, hé thong lam viéc khong
tai, tai thoi diém t > 0.02s, hé théng diéu khién
nbi ludi bat dau phat cong suat va cong suat dat
gia tri 1on nhat tai thoi diém t = 0.08s, Iic nay
dong bo ludi va thuc hién ndi ludi.
5. Két luin

Hé théng diéu khién nbi ludi cho tuabin
gi6 két hop voi ngudn pin mat troi va pin nhién
lidu sir dung giai thuat diéu khién MPPT, da phat
huy d6i da cong suat phat ra cia hé théng bt
chdp tai ndi véi hé thong. Hé thdng ndi ludi
thong qua cac bd bién ddi AC/DC, DC/DC va
DC/AC véi wu diém nhu: bd bién d6i DC/DC tu
dong diéu chinh cong sudt cung cip cho bd
DC/AC, cac bd bién ddi c6 kha ning truyén
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ning luong theo ca 2 hudng, voi goc didu khién  dén viéc phat trién ludi dién thong minh va diéu
dugc thay doi duoc, dung lugng song hai thép... khién ndi Iuéi linh hoat cho cic ngudn ning
Diéu khién nbi ludi cho tuabin gié két hop voi  luong tai tao.

ngudn pin mit troi va pin nhién liéu nham hudng
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