CONG NGHE

NGHIEN CU'U HE THONG NANG LUQGNG

SU' DUNG PIN NHIEN LIEU

FUEL CELL POWER SYSTEMS RESEARCH

TOM TAT

Cdng nghé pin nhién liéu la mgt cong nghé nang lugng tai tao mdi ddy trién
vong trong tuong lai. Nghién cu va phét trién cic hé thong dua trén cong nghé
pin nhién liéu cting véi cac yéu cau nhu ¢d chat lugng cao hay ¢d kich thudc nhé
gon cho cac thiét bi dién la hét stic can thiét va nhiéu tiém nang. Trong nghién
clfu nay, thuc hién xay dung, phan tich, thiét ké bo diéu khién dién ti cong suét
cho hé thdng pin nhién lidu, st dung phuong phap md hinh hda, phueng phép
diéu khién bang nquyén Iy diéu khién dién ap. Thu duoc thiét k& hé théng pin
nhién liéu nhu trén hoat dong tot chiing minh dugc gii phap da dé xuat.

Tir khéa: Diéu khién, pin nhién liéu, b bién ddi DC/DC.

ABSTRACT

Fuel cell technology is a promising new renewable energy technology in the
future. Research and development of systems based on fuel cell technology, with
requirements such as high quality or compact size for electrical equipment, is
extremely necessary. In this paper, the analysis of power electronics for fuel cell
systems is given, using modeling methods and the principle of voltage control.
The experimental results has proved the correctness of the method.

Keywords: Control, Fuel cell, DC/DC converter.
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CHU VIET TAT

FCV Fuel Cell Vehicle

PWM Pulse-width modulation
1. GIGI THIEU

Céng nghé pin nhién liéu la mot cdng nghé ndng lugng
tai tao mdi day trién vong trong tucng lai véi nhimng uu
diém néi bat nhu: chi cdn mat 5 phut sac lai dién cho pin,
cho ra nang lugng dién 1én gap chuc lan pin truyén thong,
nang lugng sach - khéng phat thai. Nhung bai toan can giai
quyét cia pin nhién liéu nhu c6 dau ra dién ap thap va cac
dac tinh cda dién ap rat nhay vai phuong sai tai. Viéc
nghién cliu va phét trién cac hé théng dua trén cdng nghé
pin nhién liéu cung vd&i yéu cau cé chat lugng cao hay cé
kich thudc nho gon la rat can thiét.
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St dung phuong phap moé hinh héa qua doé chon lya va
thiét ké diéu khién bo bién déi boost dé€ giai quyét bai toan
cUa pin nhién liéu: c6 dau ra dién ap thap va dac tinh cla
pin nhién liéu rat nhay véi phuong sai tai.

Nguyeén ly diéu ché va cau tric cta bo bién déi boost
DC/DC c6 kich thudc nhd gon, hiéu suat cao, thanh phan
trong mach khéng tiéu thu nang lugng nao, dé diéu khién
va tich hgp, don gian héa mach vong diéu chinh dién ap,
tang cudng dac tinh dong hoc toan hé théng.

2. CONG NGHE PIN NHIEN LIEU
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Hinh 1. Cau tao va hoat ddng clia pin nhién liéu

Hinh 1 la cdu tao va hoat déng cta pin nhién liéu, H,
dugc dua vao cuc am, di xuyén qua chat xuc tac nhg suc ép,
& day H, nhudng 2 electron dé phan ra thanh 2 ion H*, do
dung mo6i khong dan electron ma chi cho ion di qua vi thé
electron sé duoc dan qua day dan tao ra dong dién va tré
thanh cuc am, con ion H* sé di chuyén qua vao mang dién
phan (qua trinh kha):

H, —» 2H" +2e

Trong khi d6, phan ti O, (c6 sén trong khéng khi néng
dd 21%) di vao cuc duang bang stc ép tao ra hai nguyén ti
Oxi, m6i nguyén tlr Oxi nhan 2 ion H+ & trong tir mang dién
phan vao va 2 electron dé tao ra phan ti nudc dugc day ra
ngoai (qua trinh Oxi hoéa):

~0,+2H" +2e —» ~H,0
Qua trinh phan lng nhu vay té bao pin nhién liéu sinh
ra 0,7V. Hon hét né con mang lai nhirg uu diém néi bat

nhu: sdn phdm duy nhat la nudc rat sach than thién véi moi
trudng, khéng gay tiéng 6n, viéc ti€p thém nhién liéu cho
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pin nhién liéu chi cdn mat 5 phat dé cé thé di chuyén tiép
thay vi mat hang gio dé sac lai dién cho pin dién truyén
thong, cho ra nang lugng dién 40000Wh/kg, trong khi dé
pin Lithium ion cho ra chi 278Wh/kg nhé hon 143 lan so vai
pin nhién liéu, hiéu qua cao, co hiéu suat ti 50% lén dén
85% khi tan dung ca nhiét va dién, hiéu suat gap 2, 3 lan
doéng co dét trong.

Ngoai ra cong nghé pin nhién liéu dugc dp dung vao
cac hé thong xe, hé théng dién st dung nang lugng tai
tao... VGi yéu cau giadi quyét cac bai toan cho pin nhiéu liéu:
c6 dau ra dién ap thap va dac tinh cda pin nhién liéu rat
nhay vGi phuong sai tai theo dac tuyén duéi day
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Hinh 2. Dac tuyén Volt-Ampe bd pin nhién liéu PEFC - 6kW - 45VDC

Dé giadi quyét van dé trén ta st dung bo bién déi boost
dé tang dién ap dau ra, 6n dinh dién ap dau ra véi phuang
sai tai. BO bién d6i nay c6 uu diém ndi bat nhu kich thuéc
nho gon, hiéu sudt cao, thanh phan trong mach khéng tiéu
thu ndng luong nao, dé diéu khién va tich hop, don gian
héa mach vong diéu chinh dién ap, tang cudng dac tinh
dong hoc toan hé théng.
3. PHUONG PHAP TRUNG BINH MO HINH HOA BO BIEN
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Hinh 3. Mach bién dgi DC/DC boost don gian

Xét so d6 mach bién d&i nhu hinh 2, cac théng s6 cla
hé gém: L - D6 tu cdm clia cudn cam; C - Dién dung cua tu

dién; i, - Dong dién qua cudn cdm - dong dién dau vao; V,, -

Dién ap dau vao; V., - Pién ap dau vao; 5- D6 gon séng.

Trong khodng thdi gian van déng D.T ta cé phuong
trinh:

Ly,
dt in
CdvC _ Ve
dt R

@iL(t):%jMn.dt

% ! V, dt =i(DT)—i(0)

DT
_'\]in ave — A|1
L -
Ai, <18
e ?'\]iniave < IL8 = Iin6
1> YDl
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DE céc bién trang thai x, =i, (I,,), X, = V¢ (Vo). chiing ta
c6 thé viét lai cac phuong trinh trang thai trong khéng gian
trang thai:

X 0 0 X 1
{1}: 1 { ‘}- L |V, véi x=Ax+Bu

Trong khodng thgi gian van mé& (1-D).T ta cé phuong
trinh:

de Ve
dt " R
g
Li + VOLIt = Vin
dt
. 1
st = Ej(vin -V,,)dt
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St dung phuong phap trung binh khéng gian trang thai:

;
f,,(x) =%jf(r,x,0)dr =Dxf,(1,x,0) +(1-D) xf, (1,x,0)
0

Taif,,(t,x,¢) la phuong trinh dac trung cua hai ché do

khac nhau, D la chu ky déng cét trong mot chu ky T cla
mach xung.

f_—1-D) 1

X, +—.V
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X, =—X, +—X
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R = 10000, cac hé s6: K, = 0,0005, K, = 1,thsi gian ldy mau

)
T, =5.10%, gia tri dat 400.

. L
X =
a-p -
C RC :
< x=Ax+Bu '
4. PHUONG PHAP TiN HIEU NHO VA BO

DIEU KHIEN NGUYEN LY DIEN AP P s
Trang théi xac lap co: :.—’J 1
A ) F
15D e (\; ) L ~ g
Qua do, cac bién c6 duoc viét theo: et LT T T Ot T

D(t) =D+D(t) DO D [ T | o “
x(t) =X+ %(t) VO ¢ X[ % 10 I - 3 g |
u(t) =U+G(t) Ut a —

=[A,(D+D) +A,(1-D-D)I(X+X)

d(X+X)
dt
+[B,(D+D)+B,(1-D-D)J(U+0) rl A L —
»‘( —_

o j—’t‘ =[AD+A,(1-D)]x+[B,D+B,(1-D)]i

+[(A, —A,)X +(B,—B,)UID Hinh 5. M6 phong Matlab hé théng pin nhién liéu

B Voltage MeasurementZ:1

Bién d6i Laplace ta cé:

& sX(s) = A_X(s)+B_0(s) +[(A, —A,)X + (B, —B,)UID(s)

A, =AD+A,(1-D)

B, =B,D+B,(1-D) &

400

Véi (trang thai xac Iép):{

Vay ta thu dugc ham truyén dat gifta dau ra va chu ky -
ddng cat, vai tin hiéu vao ((s) =0:
G(9) = ﬂ =(sl— ASS)’I[(A1 —-A,)X+(B,-B,)U]
D(s)
_G,(s) _ RI(1-D)U.—Ls]

Hay: G (s)== = 100
Y Guls) D(s) R(D-1 +Ls+RLCs?

Bo diéu khién nguyén ly dién ap cé s6 d6 nhu hinh 4,

ll; Voltage d fpighy DC/DC U, 0 0.05 0.10 0.15 020 025 0.30 035 040 .45 0.50
8¢ 1"l PWM > >

Controll o - G
- ontrofer Converter Hinh 6. Dién dp ra clia hé thong

Két qua dau ra hé théng dugc khuéch dai lén miuc
400VDC 6n dinh ding nhu muc dich cla ta dat ra, khong
phu thudc vao tai, gidm su phu thudc vao su bién déi cda
dau vao, thai gian qua dé nho.

Hinh 4. S¢ d6 hé théng diéu khién nguyén Iy diéu khién dién ap
B6 diéu khién PI c6 dang nhu sau:

6. KET LUAN
G.(s) = Gco_(1 +&J Bai bdo da trinh bay vé nghién ctiu cong nghé pin nhién
S lieu, xay dung bo diéu khién cho hé théng pin nhién liéu,
5. KET QUA THUC NGHIEM cac phuang phap mé hinh héa, phuong phap diéu khién

bang nguyén ly diéu khién dién &p dugc dua ra phan tich
va thiét ké. Trong d6 bd dién tir cong suat déng vai tro cuc
ky quan trong trong hé théng.

Céc tham s6 ctia mé hinh L =9,375.10*H, C = 3,343.10°F.
Xung rang cua f = 50kHz, chu ky T = 2.10"s, dién &p [0; 400V],
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Két qua mo phdng cho thay thiét ké hé théng pin nhién
liéu nhu trén hoat déng tét va két qua dua ra ding nhu yéu
cau, ching minh dugc gidi phap da dé xuat, c6 kha nang
Uing dung vao thuc té.
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