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THIET KE HE DIEU KHIEN BO TANG AP DC DA MU'C

THE DESIGN OF THE DC-DC MULTILEVEL BOOST CONVERTER
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TOM TAT

Bai bdo gidi thiéu van dé thiét ké mot bo ngudn tang ap DC/DC 3 mic ting
dung trong cac hé ndng lugng mat troi. Bo nguon dugc thiét ké st dung mach téng
ap khong cach ly mdt chiéu diéu khién béi gidi thugt phan héi trang thai ¢o b
sung thanh phan tich phan. Cdu tric nay dam bao tinh 6n dinh cda hé va sai s6 xdc
ap & trang thai trung binh tiém can 0 khi tai thay d6i rong. Két qua mé phong da
minh chiing kha ning diéu khién clia giai thuat.

Tir khéa: Mach ting dp mét chiéu da miic, PWM, diéu khién phdn héi trang thdi.

ABSTRACT

This paper presents an approach of the designing of the DC-DC multilevel
boost converter (there level) which is used for solar energy systems. The converter
is designed based on non-insolate boost converter structure and state-feedback
controller with integral action. This structure ensures the steady state error of the
system is asymptotically stable to zero when the load changes in large-scale.
Simulation results demonstrate the effectiveness of the proposed method.

Keywords: DC-DC multilevel boost converter, PWM, state feedback control.
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GIAI THiCH
Ky hiéu Donvi Y nghia
d D6 réng cta xung diéu ché IGBT
Vin Vv bién ap vao
Vout \'% Piénapra
CHU VIET TAT
DC/DC Chuyén déi nguén mét chiéu
IGBT Van ban dan céng suat IGBT
1. GIGI THIEU

Mach téng dp mét chiéu (DC/DC boost converter) dugc
st dung nhiéu trong thuc tién. Dac biét trong cac hé théng
nang lugng mat trdi, bd DC/DC boost déng vai trd vira 6n
dinh dién 4p mot chiéu, vira thuc hién diéu khién t8i uu cong
suat phat dién cta tdm pin. Véi cu tric tang ap mét muc
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truyén thong, khi cdng suat, dién ap ctia tam pin & muc thap
thi hé s6 tdng ap ciia mach phai rat |6n. Diéu d6 sé dan dén
hai tinh huéng bat lgi: 1) hiéu suat bién d6i cia mach thap;
2) van ban dan trong mach DC/DC boost lam viéc vé6i dé
réng xung diéu ché kha I16n gady mat an toan va tin cay. D&
khac phuc van dé nay, cé thé stt dung ciu tric mach ting ap
da muc. Mach tang ap da muc la d6i tugng phi tuyén tinh,
tham s& mé hinh phu thudc vao gia tri tai. Trong pham vi tai
nho, dap Ung dién ap tai dau ra cta mach dé bién dong
manh va tién téi mdc dién ap cao gay nguy hiém cho ngudi
va thiét bi. Théng thudng ching ta c6 thé st dung cau tric
diéu khién PID truyén théng &p dung dé diéu khién déi
tugng mach DC/DC boost. Mac du vé mat ly thuyét sai sé
tinh cia hé théng st dung bd PID véi tham sé ¢6 dinh van
sé tiém can 0 khi thai gian da I6n. Tuy nhién, chat lugng
déng clia hé trong giai doan bién ddng vé tai kho co thé
ki€ém soat va duy tri tét [2, 3]. D& khac phuc van dé trén da c6
kha nhiéu gidi phap st dung nguyén ly diéu khién hién dai,
thong minh nhu: diéu khién md/neural, diéu khién bén
viing, diéu khién thich nghi... dé diéu khién mach tang ap
mot chiéu da muc. Trong bai bao nay, ching t6i dé xuat mot
gidi phap diéu khién phan hoéi trang thai két hgp véi khau
tich phan hudng t&i hai muc tiéu chinh:

- Piéu khién mach tang ap mét chiéu da muic lam viéc 8n
dinh khi dau vao & dai dién ap thap (mach c6 hé sé khuéch
dai cao).

- Nang cao chat lugng dong, chat lugng tinh khi tai cua
hé théng khéng 8n dinh.

Két qua diéu khién dugc kiém ching qua mé hinh mé
phdng vat ly trén phan mém Matlab&Simulink da thé hién
dugc uu diém cla gidi thuat khi diéu khién mach tang ap
mot chiéu da muc véi tai bién déng.

Bai bao dugc bé cuc nhu sau: phan 2 thiét 1ap mo hinh
hé théng, phan 3 thiét ké giai thuat diéu khién, phan 4 mo
phong hé théng va cudi cling két luan sé dugc dua ra trong
phan 5.

2. MO HINH HE THONG MACH TANG AP MOT CHIEU PA
mMUC
2.1. Mach tang ap mét chiéu da miic

Mb hinh hé théng bao gém mach tang ap moét chiéu thé

hién trén hinh 1. Déi v6i mach tang ap N muc (hinh 1b) céc
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tu dién trong mach déu bang nhau. Mach c6 2N-1 diode va
2N-1tu C.

|
1

0 b,

C.

HCNT

Hinh 1. M hinh mach tang 4p DC/DC mdt muic va da mic

Nguyén tac hoat ddng clla mach dugc nghién ciu trong
[6, 7] va da dugc chi ra trong [9]. Day la mach dugc st dung
dé cap ngudn cho bo chuyén ddi da muc c6 diode kep cung
cdp c6 kha nang tu can bang dién 4p mot chiéu lién két.
Trong bai bdo nay ching t6i khao sat déi tugng mach tang
ap da muc dudi mo hinh khéng gian trang thai véi dau vao
la tin hiéu diéu ché d6 rong xung d va dau ra la dién ap Vou.
M6 hinh mach dugc coi la ly tudng (bé qua dién trg trén
cudn cam va tu dién, dién ap roi trén cac van ban dan bang
0, tan s6 diéu ché dugc xem la du lan).
2.2. Mé hinh toan hoc cia ddi tugng diéu khién

M6 hinh clia mach tang 4p DC N muic trong ché d6 xac
lap tuong tu nhu mo hinh clia mach tang ap DC mét muc
truyén thong. Gia tri dién 4p trung binh ctia dau ra dugc tinh
bai (1).

N
V. =—V 1
out 1—d n ( )
Trong d6: Vin, Vour, N va d lan lugt |a dién ap dau vao, dién
ap dau ra, s6 muc tang ap ctia mach va d6 réng diéu ché van
ban dan IGBT.
Dong dién trung binh dau ra tinh theo (2).

1-d
Iout :Tlin (2)
Mé hinh déng hoc trung binh clia mach tang ap da muic
vGi cac bién trang thai la dong dién trén cuén cam (Ii,) va
dién ap tai dau ra (Vo) viét dudi dang (3) hoac (4).

L (1-a)v,, NV,

dt a)

av N

C—=(1-d)l_-—V

dt ( )ln R out

dy ] [y 1 v 1 N

dt | _ L b ™ L)d @
M l _ﬁ VOUt _l' -0 Vin

dt C RC c"

Tu (4) c6 thé nhan thay day la d6i tuong phi tuyén tinh.
Thuc hién tuyén tinh héa hé théng quanh diém lam viéc

xac 1ap, khi dé tin hiéu diéu khién tinh theo (5). Trong dé d
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va d 1an luct la gia tri diéu ché xac lap va gia tri diéu ché
dao déng quanh diém xac 1ap (hay con goi la tin hiéu nhd).

d=d+d (5)
Mb hinh xac 1ap tai diém tuyén tinh héa dugc tinh bdi (6).
a — vout__ N\_/ln
VOLIt (6)
T-N71
n _I_a ut
T (3), (4), (5) va (6) thu dugc mo hinh tin hiéu nho (7).
d,i\in 0 _ 1 — a n \_/out E R
i d
Ejt _ 3 L Alm + L_ L A )
dvout 1-d _l Vout _’_n 0 Vin
dt C RC @

Trong trudng hgp nguodn cép la ly tudng (v,, =0) hoac
xem su bién dong ctia nguén vao la nhiéu, khi @ mé hinh
tin hiéu nho clia mach tang ap da muc c6 dang (8) va (9).

x(t) A B
din 0 — 1 _a '_X/(L &
N T N 8)
dvout 1-d N Vout ln
dt C RC
x(t)
C i ’_I?H N
y(t) =V, (t)=[0 1]{0'“ } [0]d 9)
out

3. THIET KE GIAI THUAT DIEU KHIEN PHAN HOI TRANG
THAI

Dé triét tiéu sai s6 tinh trong md hinh tin hiéu nhé su
dung c4u tric phan héi trang thai c6 thanh phan tich phan.
Khi &6 m6 hinh tin hiéu nho cé dang (10) va (11).

F G

_ S
ol ool (el

. = + d(t) + r(t)

X )| |-C Ofx, )] |0 1

. x(t)

y(t) =V, (1) =[C O]LN('EJ
Gia tri diéu khién thanh phan tin hiéu nho.
N x(t)
d(t) =—Kx(t) -Kx, () =—[K K, ]LN(U}
T (10) va (12), rat ra phuong trinh (13).

G

«t)] (A 5K BK 7 o]

X — . X

[)’(N(t)}:{ c OI}LN(t)}FL}(t) "
Vector phan hoi xac dinh theo
K =[0 0 1]Q.A(F)

Trong do6

Q! la ma tran diéu khién dugc clia hé (1).
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Q. =[G FG FG]|
Pa thic A«(F)
AF)=F +aF +aF+al

Vi a; la hé s6 clia da thic dac trung mong mudn, cac hé
s6 trén phu thudc vao chat lugng dong yéu cau. Cau tric
diéu khién phan héi trang thai cla mach tang ap da muc thé
hién trén hinh 2. Chd y rang gia tri dat cta thanh phan tin
hiéu nhé bang 0 nham muc dich diéu khién thanh phan tin
hiéu nhé vé 0.

VG!H _Nlei J d(t) PWM J-U-L
ot in —»
v module
V(0
Gm“f (t)
A,B,C,D > >
- ~ 0,0

| out

Hinh 2. So d6 cdu triic hé thong
4. MO PHONG HE THONG

Hé thong dugc mo phong dudi dang mé hinh vat ly véi
cau truc diéu khién s6, qua dé phuc vu t8t cong tac thiét ké
va hiéu chinh hé théng thuc. M6 hinh mé phéng thé hién
trén hinh 3 va 4. Tham sé cia hé théng nhu sau:

- C4u trdc mach tang ap DC 3 murc (N = 3).

- Mach dong luc: nguén dién vao Vi, = 50V; dién cam
L =5mH; tu dién C = 100yF; gia tri dién tra tai R = 50Q.

- Mach diéu khién: thai gian 1dy mau T = 0,0001s; thai
gian xac lap dugc thiét ké t, = 0,2s; lugng qua diéu chinh
POT = 10%; tan s6 bam xung fowm = 32kHz.

- Tham s8 hé théng xac 1ap khi diéu khién & dién ap dau
ra Vout = 300V véi tai R = 50

i vout\_/— NV, _ 300;03;>< 50 _ 05

Nout 3 300 1)
J=—=l,=———x——=36A

1-d 1-0,5 50

Cac ma tran mo ta hé théng tuyén tinh quanh diém lam

viéc c6 gid tri:
0 -100 60000
A= ;B= ;€=[0
5000 -600 -360000

4.1. S0 d6 hé théng va tham sé bo diéu khién

Tu yéu cau chat lugng t;=0,2s va POT = 10% c6 dugc cap
nghiém tréi la s;, = -15 £ i20,46. Lua chon nghiém thu ba
s; = -60, khi d6 da thic dac tinh mong muén cé dang (17):

M(s) =’ +90s” +2443,65 +38616 (17)

Ma tran trang thai F va ma tran dau vao G
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0 _ﬂ 0
. L 0 -100 0
F=[29 N 5l |5000 600 0f;
C RC o Lo
0 1 0 B
L ] (18)
VOUt
ol 60000
G=|-h |- -360000
¢ 0
0

Tinh dugc vector phan hoi trang thai cé gid tri:
K=[K, K, K;]=[-0,0076 0,0002 -0,0001]
D to PWM

Discrete
5e-07s.
Q>+ )
Tl t o]
b N v+
° o
0O ﬂT~Vin R = E]
T
m m Current m Voltage Hq%s

DC/DC Boost

(19)

data.mat

Hinh 3. Hé théng diéu khién mach ting ap mdt chiéu véi bd phan hdi
trang théi

Hinh 4. Mach tang ap DCba miic
4.2. Mé phéng hé théng
a) Khéo sdt ché dé déng

Hinh 5 la két qua mo phong hé thong lam viéc khi dién
ap dat la 300V, tai dién tré R = 50Q. K&t qua mo phong cho
thay hé 8n dinh vdi lugng qué diéu chinh 15%, thai gian
qua dé 0,017s. Gia tri dién ap trung binh bang 300V. Gi4 tri
diéu khién d = 0,5. C6 thé thay, vdi cau tric ting ap da muc
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c6 thé nang cao hé s6 khuéch dai dién 4p dau ra, trong khi
do rong diéu ché nho. Diéu nay cho phép ting dung mach
trong cac hé nang lugng mat troi khi nguén ap cuia cac cell
xuéng muc thap.

Fig a. Dap ung dien ap
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Hinh 5. Dap ting cta hé thdng khi diéu khién tai dién dp 300V

Fig a. Dap ung dien a
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Hinh 6. Dap ting ctia hé thdng khi tai thay ddi dot ngot

b) Khdo sdt ché dé déng khi tai thay doi

Hinh 6 mé ta phan tng cha hé théng khi tai thay doi.
Tai thoi diém tai R chuyén d6t ngdt tir 50Q xudng 37,5Q thi:
1) tinh 6n dinh cda hé théng dugc bao toan; 2) gia tri trung
binh xac lap khéng ddi; 3) tuy nhién khi tai tang qua 16n thi
tin hiéu nho tai dau ra ciing tang manh. Nguyén nhan xuat
phat tir viec bo diéu khién phan héi trang thai chi dugc tinh
toan dua trén tuyén tinh hda quanh diém lam viéc. Chinh vi
vay khi tai thay déi dan dén thanh phan tin hiéu nhé bién
déng. D€ khdc phuc nhugc diém nay, can dung dén cac giai
thuat diéu khién thich nghi, fuzzy, neural... nhan dang tham
s6 hé théng dé cap nhat théng s6 bd diéu khién online dam
bao cho hé c6 chat lugng dong va chat lugng tinh tét hon.
5. KET LUAN VA HUGNG PHAT TRIEN

Bai bdo da dé xuat mét gidi thuat diéu khién phan héi
trang théi véi khau tich phan ap dung diéu khién mé hinh
mach tang ap DC da muic (3 muc). K&t qua mé phong trong
diéu kién tai thay déi hé 8n dinh, kha nang tang ap vai hé s6

44 | Tap chi KHOA HOC VA CONG NGHE @ Tap 59 - Sé 4 (8/2023)

khuéch dai cao.Tuy nhién hé méi lam viéc t6t & trang thai tai
6n dinh. Qua trinh thay ddi tai sé anh hudng dang ké dén
chat lugng déng, chat lugng tinh ctia mach. Buéc ti€p theo
clia nghién ctu nay la hudng téi phat trién mot hé théng
nhan dang online tham s6 tai, nguén vao, gia tri dat dé thiét
ké hé théng hé théng diéu khién thich nghi trén nén tang
cau tric diéu khién phan héi trang théi c6 khau tich phan
nham nang cao chat lugng déng va chat lugng tinh cla
mach tang dp da muc.
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