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ABSTRACT

This paper presents the configuration of a single-phase buck-boost inverter
(1P-BBI), which combines a three-level boost converter (TLB) with a
conventional single-phase H-bridge buck inverter. Unlike conventional
two-stage topologies, the proposed structure does not require a constant
DC-link voltage. The 1P-BBI operates in two modes. In the buck mode,
when the input DC voltage is higher than the desired output voltage, only
the inverter-stage switches are active to generate the AC output. In contrast,
in the boost mode, when the input DC voltage is lower than the output
voltage, the switches in the three-level boost converter regulate the DC-
link voltage to match the required output level. This paper also presents a
small-signal analysis of the 1P-BBI system to establish the transfer
function that relates the post-filter output voltage to the input DC voltage.
Based on the derived transfer function, the parameters of a Proportional—
Integral (PI) controller are selected to regulate the output voltage across the
load. Additionally, the paper provides detailed analysis of operating states,
circuit calculations, and component selection. Simulation results and
experimental verification with a purely resistive load are conducted to
validate the proposed control strategy. The experimental results confirm
that the inverter is suitable for single-phase applications in the low-to-
medium power range.
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TOM TAT

Bai béo trinh bay c4u hinh mach nghich luu 1 pha tang giam ap (1P-BBI)
1a sy két hop bd chuyén déi DC-DC ting ap ba bac (Three level boost —
TLB) va bd nghich luu giam ap 1 pha cau H truyén thong. Khac vdi cac
céu hinh hai ching thong thuong, dién ap DC-link khong yéu ciu 1a hiang
s0. Cau hinh 1P-BBI hoat dong & hai ché d6. Ché d6 giam ap, dién 4p DC
dau vao 16n hon dién ap dau ra, khi nay chi cac khoa & phia nghich luu hoat
dong tao dién ap dau ra. Va nguoc lai, & ché d6 tang ap, dién ap DC dau
vao thap hon dién 4p dau ra, cac khoa ban dan ciia by chuyén doi DC-DC
tang ap diéu khién dién ap DC-link bang véi dién ap dau ra. Trong bai bao
nay, phan tich tin hiéu nhé cho 1P-BBI duoc trinh bay nhim xac dinh médi
quan hé giita dién 4p diu ra sau bd loc va dién 4p DC dau vao dé xay dung
ham truyén cho hé thdng. Tir d6, cac théng sé cho b diéu khién ty 1 - tich
phan (PI) duoc lya chon dé diéu khién dién 4p déu ra trén tai. Trong bai
bao, cac phan tich vé trang ghéi hoat dong, qua trinh tinh toan va lya chon
linh kién dugc trinh bay. D€ kiém ching tinh dung dan cua giai thuat,
cac két qua md phong cung thuce nghiém véi tai thuin tré da duogc
sir dung lam co s& kiém chimg. Tir kiém ching thyc nghiém cho thiy
bd nghich luu phu hop véi ing dung mét pha cé cong suét trung binh, nho.
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1. Giéi thidu

Ngay nay, cac bo bién doi dién tir cong sudt duge st dung rong rai trong nhiéu thiét bi va ngay cang
thay thé cac hé thong cii nho nhimg dic tinh wu viét ciia chiing. Cac bo bién ddi dién tir cong suat dong
vai tro déc biét quan trong trong qua trinh chuyén d6i nang lugng. Viée tap trung nghién ctru cac bd bién
601 nay vé do tin cdy, kich thudc va trong luong la chu dé duoc nhidu nghién clru quan tam. Sy phat
trién nhanh chong ctia nén kinh té toan cau da kéo theo nhiing hé luy nghiém trong vé - khung hoang néng
luong va suy thoai méi trudng, tir d6 thiic ddy su quan tim manh mé dén cac hé thong phat dién ning
lwong méi, tidu biéu 1a pin nhién liéu va ning lwong mat troi (PV) [1]-[4].

Pau ra cta pin nhién lidu va pin mit troi 1a dién mot chiéu (DC), do d6 thiét bi dién tir cong suat
dugc st dung trong hé théng 1a cac bo nghich luu. Cac bd nghich luu ¢é vai trd chuyén d6i ning luong
dién mot chiéu thanh nang lugng dién xoay chiéu nham cép dién cho tai hodc hoa ludi. Co hai loai
nghich Iuu chinh 1a nghich ngudn ap (Voltage Source Inverter -VSI) va nghich lru ngudn dong (Current
Source Inverter - CSI) [5], [6]. Thong thuong trong cac img dung h¢ thdng pin nhién liéu/PV, VSI dugce
sir dung phé bién hon CSI do VSI ¢6 ciu trac don gian, dé diéu khién va mang lai hi¢u suét cao [7]- [9].
D01 v6i CSI viée diéu khién kha 1a phirc tap hon so CSI'bén canh do dau vao yéu ciu cudn cam l6n dé
6n dinh dong DC dau vao. Tuy nhién, trong mot s6 tng dung cong sudt 16n hodc yéu cau diéu khién
dong chinh xac, CSI dugc xem la lya chon phu hop [10].

Trong cdc ing dung PV, caC mach nghich luu da bac thuong duoc sir dung phé bién nhu nghich luu
ghép tang cau H (CHB) [11] gdm nhiéu module cau H nbi tiép tao nhleu mirc dién 4p dau ra, nghich luu
hinh T [12] 1a mot nghich luu ba bac, sir dung thém khoa hai chiéu ndi diém trung tinh va nghich luu
hinh F [13] 14 cai tién ciia nghich luu hinh T, chia d6i ngudn dién 4p dau vao DC bdi hai tu dién nbi tiép
¢6 diém trung tinh. Cac céu hinh nghich luu da bac c6 uu diém tao dién ap dau ra gan nhu hinh sin Iy
tuong, voi d6 méo hai téng thap ma khong can sir dung b loc ngoai l1on. Bén canh do6, nho kha nang
chia nho dién 4p dau ra thanh nhiéu murc, cac cu tric nay giam dién ap dat trén moi khoa ban dan. Mic
du nghich luu da bac mang lai nhidu vu diém nhung lai ton tai nhuoc diém dang ké vé do phuc tap trong
ciu hinh ciing nhu giai thuét didu khién. Trong khi do, nghich luu cau H truyén thong v6i cdu trac don
gian hon, chi str dung’ bdn khoa ban dan, giam chi phi hé thong va viéc diéu khién d& dang hon, phu hop
v6i giai thuat didu ché do rong xung sine (SPWM) truyén thong.

VSI 12 bd chuyén doi giam ap véi dién ap DC dau vao tir cac hé thdng pin nhién liéu/PV co dién ap
thip va bién do dao dong cao anh hudng dén dién ap dau ra ctia bd nghich luu. Do do, trong cac ciu tric
thong thuong hién tai 1a cac cAu hinh nghich Iuu hai chang, mot bo tang &p DC-DC duogc sur dung & phia
trudc, sau do 1a mot bd nghich luu nguon dién ap (VSI) ¢ chang thu hai. Trong tai li¢u [14], da thuc
hién phan tich so sanh giita bd chuyén dbi ting ap ba béc (three-level boost — TLB) va bd chuyén doi
DC-DC tang 4p truyén thong. Két qua ching minh rang b chuyén ddi TLB c6 kich thudc cudn cam
nho hon dong thoi mang lai sy cai thién hiéu suat dang ké. Vi nhiing uu diém nay, TLB dugc xem xét
tich hop voi nghich luu cau H. Viéc tach biét hai giai doan chuyén doi ning luong nay va diéu khién
riéng tirng bo bién ddi s& lam giam hiéu suét tong thé va ting do phirc tap cua hé thong Vi vay, viée két
hop hoat dong cua hai giai doan tang ap cua phia DC-DC va giam ép DC-AC nham giam tén hao, cling
nhu nang cao mat d cong suat hé théng. Viéc dam bao hé thong, tic On dién 4p dau ra ciing 14 van dé
quan trong. Thong thuong, cac bo nghich luu str dung bo diéu khién ty 1& —tich phan (PI) [15]. Bo diéu
khién PI c6 thiét ké don gian nhung c6 thé loai bo sai s6 xac 1ap va giam nhiéu tan sé cao, dam bao hé
thong dat dugc trang thai 6n dinh va chinh xéc.

Trong bai bao nay, trinh bay phan tich tin hi¢u nho c4u hinh nghich luu ting giam ap (1P-BBI). Cau
hinh 1P-BBlI 1a sy két hop giira cau hinh DC- DC tang ap ba béc (TLB) va mach nghich luu cau H truyen
thong nhu thé hién ¢ Hinh 1(a). Khac vé6i cdu hinh 2 chang thong thuong, dién ap DC-link dugc didu
khién 1a hang s6. Ciu hinh 1P-BBI s& hoat dong trong 2 ché do ting va giam ap. Ché d6 giam ap, dién
ap DC dau vao 16n hon dién 4p dau ra, khi nay chi cic khoa & phia nghich luu hoat dong tao dién 4 ap dau
ra. Va nguoc lai, 0 ché do tang ap, dién ap DC dau vao thap hon dién ap dau ra, cac khoa ban dan cua
bd chuyén d6i DC-DC ting ap diéu khién dién 4p DC-link bang véi dién ap dau ra. Dya vao mé hinh
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tin hiéu nho, ham truyén cta hé théng dugc thanh 1ap. Tir d6, thong s6 cta cac bd didu khién PI tuong
ung dugc lya chon nham diéu khién dién ap dau ra trén tai caa b nghich luu. Két qua mo phéng va mo
hinh thyc nghiém véi tai thuan tré duoc sir dung dé kiém ching tinh dung dén cia giai thuat. Tir kiém
chung thue nghiém cho théy b nghich luu phu hop v6i ing dung mét pha c6 cong suat trung binh, nho.
Phén con lai ctia bai bio gdm 7 phan. Phan 2 va 3 cua bai bao trinh bay nguyén ly hoat dong, giai thuat
diéu khién va lya chon linh kién cho cau hinh. Phan tich tin hiéu nho va Iya chon thong s6 bo diéu khién
dugc dé cap phan 4 va phan 5. CAc két qua mo phong va thuc nghiém duoc trinh bay trong phan 6 va 7.
Phan 8 trinh bay két luan cua bai bao.

2. Nguyén ly hoat dong va giai thuit diéu khién cau hinh mach nghich luu ting giam ap.

ZO)

[V]A
2MVge
LN\ N
L, D 1 3 5 Vas(t)
e 5P v / J ot
CnfR. Sy i C i

(@)

NAVZAA AR

- Osma(t). dsesfBl T

\ 5 Ot
Cip. S, [ & CA
[ 5 ot
oot | g ot
L2 D2 ”

(b)

Hinh 1. a) Cdu hinh nghich luu tang giam dp, b) Gidi thudt diéu khién.

Trong Hinh 1(a), cau hinh mach gém c6 bg chuyén d6i TLB DC-DC két hop véi mach nghich luu 1
pha cu H. Hai ty Cin1, Cinz phia sau nguén DC du vao c6 nhiém vu chia d6i ngudn dién ap cip cho bo
chuyén d6i DC-DC. B chuyén d6i DC-DC gdm céac khoa ban dan Sy, Sy duoc st dung 1a SiC MOSFET,
diode D, D2, cufn day Li, L2 va tu dién Cy, C2. Mach nghich luu 1 pha cdu H gém 4 khoa dugc phan
thanh hai nhanh, mdi nhanh gém hai khoa ban dan Sx1, Sxz (X1a A, B) lacac IGBT. Nguyén ly hoat dong
clia phia mach nghich luu 1 pha ciu H dya trén sy dong ngét ctia cac khoa ban dan Sxi, Sxz (X 13 A, B).
Céu hinh tao dién ap diu ra Vag ¢6 ba bac dién 4 ap 1a +Vpn va 0-V. Bén canh do, diu ra cta mach nghich
lwu duge 1ap dat mot bo loc thong thap (Lrva Cr) nham suy giam bién d¢ cac thanh phan séng hai ¢6 tan

s6 cao trén dién ap tai.
D: p =5 P
) Tt
C1 C1Y
S TSR
Ciq= | Va C = = JQ ;

2.1. Nguyén Iy hoat dpng

»>.
»:

Cinl

Vm:(:) : > . # Cv Ion Vdc@> c ’ - >L Cv) [
+ = v+ +[V le¥] 4
Cin2—|-:_ 7“32 Itl C2-|: Ve Cinz_r_ ;CSAEJ% CZ:.|__ Veo
Nt K vyt K
L 5. o, N L5, o, N
(a) (b)

Hinh 2. Nguyén Iy hoat déng ciia b chuyén dsi DC-DC tang dp, (a) trang thdi 1, (b) trang thai 2.
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Nguyén Iy hoat dong ctia bd chuyén ddi TLB DC-DC c6 hai trang thai hoat dong dwoc thé hién trong
Hinh 2. Tai day, ca hai khoa ban dan Si, S, trong bd chuyén d6i DC-DC duoc diéu khién véi ciing mot
tin hiéu kich. Trong trang thai 1, khod ban dan S; (j = 1, 2) duoc kich dan, dugc mb ta trong Hinh 2(a).
Khi nay, diode D; phan cuc ngugc. Cudn déy Ljduoc nap niang lugng tir ngudén DC. O trang thai 2 nhu
trong Hinh 2(b), khoa ban din Sj dugc kich ngit. Cac diode Dj phan cuc thuan, cudn diy L giai phong
nang luong va két hop véi nang lugng tir ngudn DC dé nap cho cac tu dién C;

Dién ap trén cudn day L;j va dong dién qua tu dién Cjtrong ca 2 trang thai dugc trinh bay nhu sau:

o=t B0 Ye g ROV g

! dt 2 ) gt j
. dvg (1) . & d ( ) (1
ICj (t) = Cj d—lt =—lpy (t) q Lj (t) PN (t)

Trong d6: Ve, Vij VA icj 1an luot 13 dién ap dau vao, dién ép cudn cam L va dong dién qua tu dién C;.

Vi d(t) 1a he s6 cong tac cua cac khoa S;, S, trong mot chu ky chuyén mach Ts =1/fs. Tuong tu bo
chuyén doi tang ap DC-DC truyeén thong [16], dién ap trén tu dién C; va dién ap DC-link dugc xac dinh
nhu sau:
Vv
VCj (t) _de

21-d(t)] 2)

Ven (1) = Ve, (1) + Ve, (1)

2.2. Gidi thugt diéu khién dé xudt
Giai thuat d& xuat diéu khién cho cdu hinh c6 thé giam s 1an chuyén mach trén céc khoa ban dan.
Song hai bac 1 cua dién ap dau ra vag1 dugce xac dinh nhu sau:
VAB,l(t) = 2MVdc Sin(a)t) (3)

Trong d6, M la chi s6 diéu ché (M > 0) va w = 2zf 13 tan s goc, vai f 1a tan sb cia dién ap dau ra.

Nham lam giam ton hao chuyén mach cua cac khoé ban dan, dién ap DC-link cip cho bo nghich luu
khdng con Ia hang s6 ma dugc dieu khién nhu biéu dien & Hinh 1(b). Dién ap dau ra cua bo chuyén doi
DC-DC tang ap xac dinh nhu sau:

Ven (t) = max [Vdc J |VAB,1(t)|] 4)

Dua vao (2) (3) va (4), hé sb cong tac kich cho khod Ss, S, va cac khoé phia nghich luu dugc tinh toan
nhu sau:

\Y/
d(t)=1- de
© Max [V, [Vag 1 (1) ]
_ VAB,l(t)
G =125 5)
_ _VAB,l(t)
dSBl(t) = —VPN ('[)

Nhu thé hién trong Hinh 1(b), khi dién 4p DC dau vao caa cau hinh mach c6 gia tri nho hon gia tri
dién &p dau ra (Ve < [Vaga(t)]), cac khoa ban dan bo chuyén déi DC-DC ting ap duoc didu khién véi hé
s6 cong tac duoc xac dinh tai (5). Khi ndy, cac khoa ban dan cia mach nghich luu khong c6 su chuyén
mach (khoa Sai, Se2 dugc kich dong tao dién ap dau ra +Ven hodc khoa Sey, Saz dugc Kich dong dién ap
dau ra -Vpy). Khi dién 4 ap d4u vao co gia tri 16n hon hoic bang gid tri dién ap dau ra (Ve > | vasa(t)]), cac
khoa cua b chuyén dol DC-DC duoc kich ngit, cac khoé & phia mach nghich luu duoc diédu khién véi
hé s6 cong tac la ti s6 ctia Vag,1(t) va ven(t).
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3. Lwa chon linh kién
3.1. Lwa chon cudn cim va tu dién

Tu (1), (3) va (5), gia tri do gon dong dién Aiijrs va dong dién trung binh cua cuon day L; dat gia tri
cuc dai tai wt = 7/2 trong nita chu ky dau. Do do, gia tri cuc dai cia d6 gon dong dién qua cuon cam
Alyjmax Va dong cuc trung binh cuc dai qua cugn day duoc tinh toan nhu sau:

Al _Vdcd(t)maxTS _VdcTS (1_i)
oL 2L, U 2m
=2MI_

(©)
|

Lj,Ts,max
Trong d6, In1a gia tri dong dién dau ra lon nhit.
Gia tri cuon day Lo duoc chon sao cho Alyjmax < kL% |
t6i da cho phép ctia cudn day.

V6i kL% la phan trim d6 gon dong dién

Lj,Ts,max ?

V,T. 1
L >—tes 1=
j 4kL%Im[ 2Mj M

Tu (1), (2), (3) va (4) gia tri cuc dai ctia do gon dién ap AVcjmax Va gid tri cuc dai cua dién ap Vejmax
cua tu dién AVCj,max duoc xac dlnh

AV, _|_iPN (t)maxd(t)maxTS | — ImTS (1_i)

Cj,max — -

] C; ¢ U 2w 8)
VCj,max = M ><Vdc

Tu dién Cjduoc chon sao cho AV max < k% Vcjmax, VGi K% phan trim d6 gon séng dién &p tdi da cho
phép cua tu dién.

I,T 1
C>_—ms |q__—
j kC%MVdC( 2Mj ©)

3.2. Lwa chon cdc khod bdn din

Dién ap dat trén khoa ban dan Sj va diode D; la gia tri di¢n ap cyc dai trén tu di¢n Cj duoc tinh ¢ (8).
Dong dién cuc dai qua khoa ban dan S; va diode D;, dong dién I6n nhat qua cuon day Lj duoc xac dinh &
(6).

Vs |

Sj,rating =

V,

Dj,rating

= Mvdc & I Dj, rating = ILj,max :ZMIm (10)

Dién 4p dt trén cac khoa cong suat & phia nghich luu (Sx: Va Sxo) twong tng véi dién ap dau ra cia
mach. Dong dién cuc dai qua cac khod dugc xac dinh bang dong dién cuc dai cua tai lioadmax.

Sj,rating —

Vssirating = 2MVye & g rating = lioad,max = I (11)
Trongddéj=1+2vaX=A, B.
4. Phan tich tin hiéu nhé
s L¢
y DC-AC ‘ N C'q )i
o M. Vas -|- Vol

Hinh 3. M6 hinh hod cdu hinh nghich luu va mach loc LC.
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Bang 1. Thong s6 mé phong va thuc nghiém.

; Gia tri
Thong so — —
Giai thujt deé xuat
Dién ap dau vao Ve 100 V
Dién ép déu ra VAB,RMS 110-VRrms
Tan sé dau ra f 50 Hz
Tan s6 chuyén mach fs 10 kHz
Mach loc Crva Ly, ris 10 yF va 3 mH, 0.15Q
Tai tré R 100 Q
C3M0040120D
MOSFET S1, Sz
1200V — 40mQ
. UJ3D1250K2
Diode Dy, D2
1200V - 1.5V
Cudn day Ly, L2 0.5mH, r. =40mQ
Tu dlén C, C 10[.,[':, resr = 7.64mQ
IGBT Sat Sar St S FGL40N120AND
Al, OA2, 9OB1, 9B2 1200V B 26V

) Céu hinh nghich luu 1 pha tang giam ap hoat dong nhu mot mach nghich luu mot pha thong thuong.
Cau hinh nghich luu dugc dé hién thanh so do khoi don gian va mach loc LC nhu trong Hiph 3. bién ap
déu ra cua mach nghich luu tang giam ap duoc xac dinh & (4), cho ma = 2Msin(wt) va lay trung binh
phuong trinh (4) c6 thé viet lai nhu sau:

VAB = rT]a ><\7dc (12)
Gia str ring moi tin hiéu déu bao gdm tin hidu DC X va tin hiéu nhoé AC X.Véi X = X +X,
trong do X << X. Phuong trinh (12) duoc viét lai nhu sau:
Vig + Vg = (M, +1M,)x (Ve +7) (13)
<:}VAB +\7AB = Mavdc +Vcha +Vdcma +\7dcma

Céc thanh phan AC nhan véi nhau rat nhé nén c6 thé luot bo. Phuong trinh AC tir (13) x4c dinh
nhu sau:

VAB :Vdcma +\7dcma (14)
_ Dya vao Hinh 3, phan mach loc LC x4c dinh dugc phuong trinh trung binh dong va ap cua phia
dau ra tai.
Ve =V, +i I +V,
{,_AB.,_L,_LL (0] (15)
L=k+h
Thay X = X + X vao (15), phuong trinh AC thu dugc trinh bay nhu sau:
Vg +V,s =V +V + (I +1)r +V,+7 [V, =Lsi +ir +V,
- - - =1 . 16
I+ =1+l + 1+ I, =CsV; +1, (16)
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Dua vao (15) va (16), ham truyén Gi(s) va Gz(s) dugc xac dinh nhu sau:

L TR W O /%) R
ma AB ly, = a |y, =0 Lfs+rL
_% 1
I, CiS

5. Piéu khién vong kin cho mach nghich hru

(7

Thong sO hoat dong cta mach nghich luu I pha tang giam ap dwa theo Bang 1. Str dung bo diéu khién
PI dé diéu khién dién ap dau ra ciia mach nghich luu nhu thé hién trong Hinh 4. Ham truyén cta b diéu

khién PI;(s) dugc biéu dién nhur

sau (j =1, 2):

K,
PIJ.(s,):KF,j+TJ (18)
: Lt ref m ILs Vo |
EVo_ref Pll P|2 a, G]_ > G2 > E
: Vo iLf
. d
l— = > My —[3
A —] = w_> -
M\
ma — (Mo 1 Ma —>>
1 —— MA
Hinh 4. So' d6 diéu khién cho cdu hinh.
Bode 1 Bode 2

G4(s): Gm = Inf, Pm =90.1 deg (at 5.31 kHz)
G1(S)*Ply(s): Grp = Inf, Pm =90.9 deg (at 477 Hz)

Ga(s): Gm = Inf, Pm =90 deg (at 15.9 kHz)

Gy(s)*Pl4(s): Gm = Inf, Pm =50.6 deg (at 608 Hz)

Ga(s)*Ply(s)

Gz(S)
A

60
60 F
% 40 g 40
3 4 2 )
2 2 Gy(s)*Pl2(s) g
& B of
] ]
3 3
= o =
20
=20 -40
0 90
g &
) )
S 3,
w 45 o =135
2 2
4 «®
- -
S -
90 C . -180
107 107 10° 10! 10 10° 10 10! 10%
Frequency (Hz)

a)

10°

Frequency (Hz)
b)

Hinh 5. Biéu do Bode. a) G1(s) va G1(s)*Pl(s), b) Ga(s) va Ga(S)*Pli(s).
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Biéu dd bode ctia ham truyén Gi(s) va Gz(s) véi thong sb dién ap dau vao Ve 1a 100V, cudn day va
tu loc co gia tri 10uF va 3mH, ndi trd ctia cudn déy loc 0.15Q duoc biéu dién trong Hinh 5. C6 thé thay
rang, trong truong hop chua dp dung bo diéu khién PI, biéu d6 bode ctia ham Ga(S) ¢6 d6 du trit bién va
d0 dir try pha 1a +oo va 90.1° véi tan sd cit 5.31kHz dugc thé hién Hinh 5(a), va ham Ga(s) c¢6 do dir trit
bién va do dir try pha la +oo va 90° voi tan s6 cat 15.9kHz dugc trinh bai trong Hinh 5(b). Hé théng 6n
dinh theo tiéu chuan bode vi do du trir bién va do du trir pha ctia hai ham truyen deu duong. Tuy nhién,
tan s6 cat kha 1on so véi tan sd chuyén mach 10kHz nén h¢ thong ¢6 thé nhiéu ¢ tan sd cao do cac thanh
phan hai bac cao do chuyén mach. Vi vdy can giam tan s6 cit khoang 1/10 hodc 1/5 cua tan s6 chuyén
mach hodc bé hon nham triét tiéu cac dao dong o tan sb cao khi chuyén mach. Bén canh do, tan s ct
ciing khong dugc bé hon tan sé ngd ra nhu vy s& lam bién dang ngb ra.

He s6 Kp va K cho bd diéu khién Pl; dugc lya chon 1a 0.02955 va 92.75. Déi véi b diéu khién Pl
hé s6 Kp va K dugc Iya chon 1a 0.09 va 0.09. Khi nay, tan sb cit ciia hé thong Gi(S)*Pla(S) 1a 477Hz,
c6 d6 du trit bién va pha 13 +oo va 90.1°. Hé théng G2(s)*P11(S) c6 tan sb cit 13 608Hz, c6 do du trix bién
va pha 14 +o0 va 50.6°. Sau khi str dung bo diéu khién PI thém vao, hé thong van 6n dinh theo tiéu chuan
bode bén canh do6 da gidm duoc tan s cit.

6. Két qua mé phéng

Céu hinh va giai thuat dugc mé phong bang phan mém PSIM véi cac thong sé nhu da liét ké & Bang
1. Trong md phong, gia tri dién ap Ve cip cho bd nghich Iuvu 100V va tai dwoc st dung 13 dién tré R ¢o
gia tri 1a 100 Q. Trong Hinh 6 1 két qua m6 phong ciia ciu hinh véi cac thong sb PI duoc trinh bay &
phan 4. Trong Hinh 6(a), dién 4p diu ra tham chiéu c6 dang hinh sine c6 gia tri hiéu dung 110Vgws.
Dién ap Vr dau ra trén tai sau bo loc LC diéu khién c6 dang séng ddng dang voi dién ap tham chiéu va
c6 gia tri hiéu dung dat dugc 115Vrms va THD do dugce 1.82%. Va gia tri hi€u dung dong dién qua tai
tro 1.15Arms. Dong dién qua cudn day L ¢ gia tri hi€u dung 1.22Arwms, dién ap dau ra Vag c6 3 bac dién
&p + Ven, 0 VA - V. Dién ap Vey o gid tri hiéu dung do duogc 14 127Verus tuan hoan bang ¥4 chu ky
dién ap dau ra, dién ap Ve, Ve bé“lng nhau dugc thé hién trong Hinh 6(b). O ph:fm mach DC-DC tang
&p, dong dién qua cudn ddy L; bang dong qua cudn L ¢6 gia tri trung binh do dugc 1.34A va dong cuc
dai limax dat gid tri 4.98A. Tuwong tu dién ap trén khoa S; bang S, va c6 gia tri dién ap dit cuc dai 85.9V,
dién ap trén diode D, bé“lng D, va dién ap phan cuc ngugc cuc dai 85.9V. Dang soéng dién ap trén cac
kho4 cong suét ciia nghich luu cau H duogce thé hién Hinh 6(c) va dién ap dat cuc dai trén cac khoa bang
gia tri cuc dai dién ap dau ra bang 172V. Tir dang dién 4p cta cac khoa ban dan, c6 thé thay rang khi
gia tri dién 4p dau ra 16n hon dién 4p du vao chi co su chuyén mach ¢ tan sb cao cua cac khoa phia
DC-DC. Ngugc lai, khi gia tri di€u ap dau ra thip hon dién ap dau vao cac khoa phia nghich luu hoat
dong & tAng s cao. Tir d6, giam dugce t6n hao chuyén mach cho cau hinh.

Vo_ref VRIV] vea[v] vde[V] VeN[V] vsa1[v]

200

EAVAVAVE T ETETET &

-200

=
I
8

IR(A) 1L1[a] vsA2[v]

AVAVAVE YYYYY EIRINI R

LA Vs1[V] VsB1[V]

AVAVAVEI S 111 ERTATAT

vas[a] el vsz[v]

SavavavE 1L LI LERINTNY

s N & @

-200 -180
0.94 0.96 0.98 1 .

Time (s) Time (5) Time (s)

a) b) 9
Hinh 6. Két qua mé phong ciia 1P-BBI sir dung b diéu khién PI.
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(@) (b) (©
Hinh 7. Két qud mé phong cia 1P-BBI khi thay doi dién dp dau vao va thay doi tdi.

Bén canh d6, truong hop dién ap dau vao 80V, dién ap Vpn ¢0 gia tri hi€u dung 123V va dién ap dau
ra dat 116Vrwms c6 gia tri THD 2.51% thé hién Hinh 7(a). Truong hop dién ap dau vao 120V, dién ap
Ven 135V va dién ap dau ra dat 114Vews c6 gia tri THD 1.5% trong Hinh 7(b). Trong Hinh 7(c) cho thay
Kkét qua mo phong cia cAu hinh véi tai R-L 100Q va 100mH, véi dién ap dau vao 100V, dién ap dau ra
van dap mg theo dang hinh sin dat 115Vrwvs, dong dién qua tai 1.1Arms. C6 thé thay rang dong dién
qua tai va dién ap dau ra c6 su léch pha do tinh cam khang cua tai. Cac thong s6 cia cau hinh dugc xay
dung vdi dién ap dau vao 100V. Vi vay, qua hai truong hop dién ap dau vao 16n hon va nho hon 100V,
c6 thé thdy rang khi dién ap dau vao thay doi trong khoang 20% thi dién ap dau ra van d4p ung dugc
khoang 110Vrms + 5%. Bén cach do, diéu khién dién ap dau ra khong phu thudc vao dic tinh ciia tai.

7. Két qua thyc nghiém

ACS712

1
1
1
1
1
1
1
1
1
L ¢

Hinh 8. Cdu hinh 1P-BBI thuc nghiém.

M0 hinh thyc nghiém dugc trinh bay nhu Hinh 8 v6i cac thong s6 thanh phan duoc trinh bay trong
Bang 1. Cac khoa cong suat dugc diéu khién thong qua IC cach ly quang TLP250 va MORNSUN nguén
cach ly DC-DC. DSPTMS320-F28335 duoc str dung dé tao ra xung kich cho khoa ban dan S va thuec thi
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bd diéu khién PI. Cam bién dién ap LV-20P, cam bién dong dién ACS712-20A dugc sir dung dé hoi
tiép dong dién ngd ra vé mach diéu khién. Tai thuan trd 100 Q duoc sir dung dé kiém ching giai thuat.

Két qua thyc nghiém vai gia trj dién ap dau vao Vac 100V va dién ap ddu ra trén tai duoc diéu khién
& gia tri hiéu dung 110Vkrws v6i cac thong s6 Kp va K trong phan 4 duoc trinh bay trong Hinh 9. Pién
4p ngd ra trén tai duoc biéu thi nhu Hinh 9(a) dat gi4 tri hiéu dung 104 Vrus va c6 dang song hinh sine
gia tri dién ap cuc dai Vrmax 152V, gia tri THD do dugc 1.08% trong Hinh 9(b). Bén canh do, trong Hinh
9(a) ciing thé hién dién ap Ven c6 dang tudn hoan bang % chu ky dién 4p tai c6 gid tri hiéu dung 117V
va dang song dong dién qua cudn loc Lt hinh sine c6 gia tri hiéu dung 1.14Arwms. Trong Hinh 9(c), dién
ap trén 2 ty dién Ve, Vez cin bang nhau va tong dién ap trén hai tu chinh bang Ven. Dién 4p dau ra trudc
b0 loc Vag ¢6 3 bac dién ap +Ven, 0 va -Ven. Dién ap dat trén khoa Si, Sy ¢6 gia tri cuc dai 89V va dong
dién qua cudn day Iy, l2 c6 gia tri dong cuc dai limax 4.3A duoc biéu dién trong Hinh 9(d). Hinh 9(e)
thé hién dién ap trén cac khoa cta phia mach nghich luu va cac khoa co gia trj dién 4p dit cuc dai bang
148V.

Tek i @ stop I Pos: 0.000s Tek n & stop M Pos 17.80ms  Tek @ top M Pos; —10.40ms
YWy [50V/div] V01[50V/dIV]
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- W
VR[100V/div] Freq  50.0Hz %Fund 100,0% El Veo[50V/div]
a I hRMS 104.0% [} 0,00
Vas[100V/div]
IR[2.5A/div] o
P
4+
CH2 200y 1 5.00ms CH2 100y i 10.0ms 1 5.00ms CHY .~ -
CHE=100% CHY 2504 G-Apr-25 15:26 CH3 50.0% CHA 1004 -bpr-25 0922 CH3+50,0%  CHA 00y G-Apr-25 1533 62807k
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Tek Prevu | {%g—] Tek i @ Stop I Pos; —13.00ms
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EE;%{}%{M‘WON AL Chl S 440V CH2 100y 1 5.00ms CHA 4. 50 100 150 200 250 300 350 400
i+~ [-80.0000us ZHa 0oy CHA 00y S-hpr-25 1535 221336k Cong suat ngd ra (W)
d) e) f)

Hinh 9. Két qua thire nghiém ciia 1P-BBI.

Bén canh d6 ciu hinh nghich Iuu con duge do dac higu suat thong qua may phan tich cong suat
WT3000E. Hinh 9(f) trinh bay hiéu suét thuc nghiém cua chu hinh nghich luu trong khoang cong suét
dﬁu ra tr [00W — 380W. Vi khoang cong suét nay cac thong s6 duoc PI duoc giit nguyén. Tai cong

suat dau ra 380W hiéu suat mach dat dugc 90.5%. Hi¢u suét thuc nghiém dat dugc cho thiy cau hinh
nghich Iuu phi hop véi cac ing dung mot pha cong suét trung binh, nho.

8. Két luan

Bai bao nay da trinh bay cac phan tich tin hiéu nhé va thanh 1ap ham truyén cho cau hinh nghich luu
tang giam ap 1 pha. Dya trén cdc ham truyén da phan tich, cac thong sé cua bo diéu khién PI da duoc
Iwra chon nham dép tng yéu cau diéu khién vong kin. Két qua mé phong cho thiy dién ap dau ra trén tai
duoc diéu khién bam theo dién ap tham chiéu. CAu hinh dugc xay dung thuc té dé kiém ching thuc
nghiém, trong d6 tin hi¢u dién 4p va dong dién dau ra tir cam bién dugc hoi tiép vé vi didu khién dé thyc
hién diéu khién vong kin. Nhitng két qua dat duoc cho thy tinh kha thi va hidu qua cta ciu hinh trong
cac ung dung mot pha cong suét trung binh nhé nhw hé thong PV, pin nhién liéu.
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