TAP CHi KHOA HQC & CONG NGHE CAC TRUONG PAI HQOC KY THUAT & SO 74 - 2009

THIET KE BQ PIEU KHIEN KIEU DEAD-BEAT DPE NANG CAO
TINH PONG HQC CHO HE THONG LUU TRU TRONG MANG BIEN CUC BQ
DYNAMIC IMPROVEMENT OF BESS USING DEAD-BEAT TYPE CONTROLLER

Ngé Pirc Minh Nguyén Vin Lién
Truong Dai hoc KTCN- Pai hoc Thai Nguyén Trueong Dai hoc Bach khoa Ha Ngi

TOM TAT

Hé théng lwu triv dién acquy (BESS) ngay cang duoc (rng dung rdng réi trong céc mang dién
cuc bé. Bé néng cao tinh dong hoc cho BESS, va thuén loi cho viéc trién khai thuét toan bang céc vi
diéu khién hay DSP, tac gid da xay dung b diéu chinh dong kiéu Dead-Beat. N6i dung cda phuwong
phép 1a: Dwa trén nén téng cua phuong phép diéu khién tua theo vecto dién &p i trong hé toa do
quay dq, cé khéi phat xung theo phuong phép diéu ché vecto khdng gian SVM. Hé phuong trinh mé
t& hé théng duoc viét trong khéng gian trang thai va gién doan héa véi chu ky trich mau nhé (5kHz) dé
lam co s& cho b6 diéu chinh dong dién sao cho gié tri ciia dong dién thuc dubi kip gia tri dat trong
khodng thoi gian céan thiét. Vi du, chon la 2 chu ky trich méu. Két qua mé phéng bang Matlab/Simulink
cho thay céu truc diéu khién nay théa man céc yéu céu dét ra véi hé BESS, cho dap tng dong hoc
cta hé théng nhanh.

ABSTRACT

Battery Energy Storage Systems (BESS) are widely used in local power networks. In order to
improve dynamic response of the BESS and to take advantage of implementation algorithms based on
microprocessors or Digital Signal Processing (DSP) systems, the authors of the paper proposed a
deadbeat current controller design for the BESS. The main idea of the method is relied on the grid
voltage oriented vector control approach on the well-known dq rotational frame and the space vector
SVM pulse width modulation technique. The system is described by state-space equations that are
then transformed into the discrete-time domain with a high sampling frequency (5kHz). The designed
controller guarantees that the actual values of the plant currents follow their set values after a desired
time (in 2 sampling periods). Result, simulated by Matlab/Simulink, shows that this control structure
satisfies established demands toward BESS system and has fast dynamic response.

I. PAT VAN DE doi hoi bo didu khidn phai ¢6 tinh dong hoc cao,
BESS 1a thiét bi tich trir nang luong chét lugng diéu khién dam bao dién &p phat ta

ngudn acquy, ngay cang dugc tmg dung rong cua BESS phai thoa mén céc chi ti€u chat luong

rdi trong cic mang dién cuc bd. Pidu khién dié? né’ng, ta 1'1:ng dur}g phEIO’l’lg phap VOC Vf‘l
thiét ké bd diéu khién kiéu Dead-Beat, khoi

BESS di c6 nhiéu phuong phap dugc dua ra, ¢ ¢
phat xung theo phuong phap dicu ché vector

mdi phuwong phap déu c6 nhirng wu, nhuoc diém
riéng. Vi du nhu: Phuong phap VOC véi bd khong gian SVM.

diéu khién dong theo kiéu PI sd ¢ chat luong II. KET QUA NGHIEN CUU
diéu khién cao, nhung tinh déng hoc con thap 2.1Mang dién cuc b cong suét nhé

hang trim ms),[1]; Phuong phap diéu khién ] ) R
(hang V] & PP Xét mot mang dién cuc bé nhu Hinh 1.

Muc tiéu dé ra cho BESS phai c6 tinh dong hoc
cao dé phan tng nhanh trong khi thuc hién mot
s6 chirc nang sau:

tryc tiép cong sudt DPC c¢6 tinh dong hoc cao,
nhung c6 nhugc diém 1a tin s dong cat 16n
(40kHz) va khong cb dinh, giy dao dong cong

suét,...
- Giam Ung suat cho nguon khi dong/cat tai

Nhu viy, tuy theo ting ddi twong ap ning.

dung, nguoi ta Iya chon thuat diéu khién cho

thich hop. Truong hop yéu clu dap tng nhanh, - On dinh dién ap khi ¢6 bicn dong tai
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Hinh 1. So' d6 BESS va ludi dién cuc bé
2.2 Phan tich cAu tric diéu khién
Hinh 2 M5 ta cu trac mach luc cua BESS, [2].
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Hinh 2. Céu triic mach luc ciia BESS

- Tuso dd mach Iuc cua BESS (Hinh 2), ta
viét dugc phuong trinh m6 hinh dong dién cua
bd bieén doi trong hé toa do quay dq:
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Phuong trinh (1) 1a xuét phét dé ta c6 thé
xdy dung bd diéu khién tya theo dién ap ludi
v6i khau phat xung theo phuong phép diéu ché
vector khong gian. Mot bo diéu khién don gian
thuong dugc thiét ké voi bo diéu chinh dong
theo ki€u PI thong thuong [2]. Nhung, néu theo

u,(k+1)

l

tiéu chi by diéu khién phai c6 tinh dong hoc cao
ta thiét ké bd dieu khién dong theo kiéu Deat-
Beat.

Tir (1), viét lai du6i dang mé hinh trang
thai [3],[4] , ta co:

dclj;d :'-I:-L g +og ,+ If- (uSd 'ul_d)

L (2
di,, . |
dtq __O‘)led_T_qu_'_E(uSq _qu)
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Tur phuong trinh trang thai ta thu dugc
mo hinh dong gian doan:

i (k+1) =D i (k)+HLls (k)‘HEL (k) 3)

Trong do:
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T: La chu ky trich miu b diéu chinh dong
dién.

Tir day ta xdy dung duoc cdu trac mach
vong dong dién phia ludi, Hinh 3. D6 chinh la
xuat phat diém deé thieét ké khau diéu chinh
dong.
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Hinh 3. Céu triic mach vong dong dién phia ludi
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Gia thiét y(k) 1a bién dau ra cua khau
diéu chinh vector R;, trong d6 da bu anh hudng
dién ap ludi va tré thoi gian thuc hién bd diéu
chinh

gs(k+1):ﬂ’1[)_/ (k)+H HL(k"'l):' 4

Phuong trinh (4) thé hién 5 trong qua
trinh thiét ké bo diéu chinh dong da xét ca hién
tuong lam tré mot nhip tinh trong ham dit cua
khau diéu chinh dong. Biéu thuc thir hai,
Hu, (k+ 1) ¢6 nhiém vu bu tinh nhiéu dién ap

ludi.
Phuong trinh dau ra bo diéu chinh dong:
YO=R, it (R, (0 ]=Rx,, (k)

y@)=R,|i @i @] ¥

Bugre 1: Tinh vector, y(k) theo (8)
T

Yo (K)=X,q (k) (11_—] Xy (k-1)-0Tx,,, (k-1)+y,4 (k-2)

L

Yq (k):XWq (k) +oTx 4 (k—l)—[l- T

Budc 2: Tinh vector dién ap U (K) theo (4)

D

Ugy (k+1) :$|iyd (k) +E u.gq (k"'l)]

ey (k+1) ==y, (k) + L

Muc tiéu dit ra khi thiét ké b diéu chinh
dong c6 dong hoc cao sao cho gia tri thyc duoi
kip gi4 tri dat trong 2 chu ky trich mau.

i 2=2%i (2) (6)

Thay (6) vao (5) ta thu dugc cau triic bd
diéu khién dong nhu sau:

_l-z’0

> (7
1-z

Tu phuong trinh (7) ta viét phuong trinh
sai phan bd dieu chinh dong:

y(K)= x,,()-Ox,, (k-D+y(-2) (8)

Nhu vay dé thuép loi gho qua trinh tin}l
toan phuong trinh b diéu khién dong dugc viét
qua 2 budc:

T_J Xwq (k—l) Y, (k—2)

(10)

u., (k+1):|

Dén day, ta xay dung duoc ciu trac bd diéu khién dong dién kiéu Dead-Beat nhu Hinh 4.

b Lkl d
= 4 dlim - 1
T/Ld4 lim
1/sqr(3)
-

o aim -2

Vdc »a q
>

Phase correct
limitation

1-T/Td 1 ’—V

|
x
i

A 4

Unit Delay 4  Unit Delay 5 T/Ld5 ~
1
z

T/Ld2

Hinh 4. Cdu triic bé diéu khién dong dién kiéu Dead-Beat
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2.3 Két qua mé phéng Hinh 5, mb phong so
do tac dqng cﬁg BESS trong mang dién cuc bd
v6i bd dieu khién dong kiéu Deat-Beat:

- Khi déng/cit tai niang: BESS bu cong
suét tac dung P dé giam tmg suit cho may phat,
ddng thoi bu cong suat phan khang Q dé dam
bao 6n dinh gia tri dién ap ludi.

current control type

- Khi mat ngudn: BESS déng vai tro
ngudn thay thé vai thoi gian qua d6 nhanh nhat.

Pé thay dugc phuong phap Dead-Beat co
tinh dong hoc cao hon, ta néu két qua mo phong
dong thoi so sanh véi két qua tuong ung cia
BESS ¢6 bo diéu khién dong kiéu PL[2].
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Hinh 5. So d6 BESS va mang dién cuc b

Bo dieu chinh dong kieu P!

Bo dieu chinh dong kieu Dead-Beat
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Hinh 7. Két qud do cdc thanh phan cong sudt tic dung P
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x 10 Bo dieu chinh dong kieu P1 x10° Bo dieu chinh dong kieu Dead-Beat
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Hinh 10. Két qua do cong sudt tac dung S khi mdt nguon

2.4 Phan tich két qua md phong

~ So sanh gitra hai két qua thu duoc, ta
thay rd bo diéu chinh Dead-Beat c6 tinh dong
cao hon bo diéu chinh PI. Cu thé nhu sau:
1- Téc d6 bam cua dong thuc theo dong dat
nhanh hon, Hinh 6
2- Tai thoi diém 0,3s , cin huy dong tir BESS
tang cong suat tic dung P thém 10kW. BESS
véi bd di€u chinh dong ki€u Dead-Beat chi can
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thoi gian qua dg la 0,02s. Trong khi do, voi bo
diéu chinh dong dién kiéu PI can 0,25s, Hinh 7.

3- Do tdc d6 phuc hdi dién ap nhanh hon, nén
v6i b diéu chinh Deat-Beat, BESS phat bu mot
luong coéng suit phan khang Q nhé hon (19
kVAr). Trong khi d6, v6i b diéu khién PI thi
BESS phai phat bu mot lugng cong sudt phan
khang Q 16n hon (23,5 kVAr), Hinh 8.

4- Khi ting tai ¢ thoi diém 0,3s , dién 4p ludi
suy giam khoang 10%. Vi bo didu chinh dong
kiéu Deat-Beat thi BESS chi can 0,04s dé phuc
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hoi dién &p lugi vé gid tri ban dau. Trong khi
d6, v6i b didu chinh PI thi BESS phai can
0,2s, Hinh 9.

5- Trudng hop mat ngudn, BESS s& lam viéc
thay thé. Thoi gian qua d6 chi mat 0,015s ddi
v6i BESS ¢6 bo diéu chinh dong kiéu Dead-
Beat. Trong khi do, véi BESS c6 bd diéu chinh
dong kiéu Pl thi phai mit 0,6s (gip 40 lan),
Hinh 10.

III. KET LUAN
- Mo hinh BESS véi céi}l trac diéu khién c6 bgf)
diéu chinh dong dién kiéu Dead-Beat 1a mot ket

qua nghién ctru khoa hoc khoa hoc ¢6 tinh tan
tién.

- Két qua m6 phong bang Matlab cho thay céu
tric diéu khién nay thoa mén cac yéu cau dit ra

Vor} hé BESS, cho dap ung ‘d(,)ng hoc cua hé
thong nhanh, khéng c6 qua diéu chinh.

- Mo hjnh BESS ¢ tinh dong hoc cao s& mang
lai nhiéu_} hira hen cho viéc khac phuc mot so
nhuoc diém cua ngudn dién cuc bo.
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