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NGHIEN (U PIEU KHIEN BO PFC 3 MUCHINH T
TRONG UNG DUNG VEHICLE TO GRID

RESEARCH ON CONTROL OF 3-LEVEL T-TYPE PFCIN VEHICLE TO GRID APPLICATION
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TOMTAT

Vehicle to Grid (V2G) 1 cdng nghé st dung pin xe dién dé luu trit dién nang
“du thira” va cp trd lai ludi khi can. DE thuc hién chiic ndng nay can ¢ cac bd
diéu chinh hé s cong suat (PFC). PFC trong V2G thung la cac bd nghich luu da
miic véi mt s6 lgi thé nhu yéu cau it bg loc, tang hiéu suat, giam nhiéu, gidm
THD; tuy nhién lam ting muic d phuic tap bo diéu khién. Trong bai bao nay, mot
bo nghich luu hinh T ba pha ba mdc néi ludi dugc gidi thiéu. Cau tric cla bo
nghich luu nay c6 nhiéu uu diém véi s6 lugng van ban dan it hon dan dén giam
dd phiic tap cia mach. Bo diéu khién tich phan-ty 18 (PI) dugc dé xuat dé diéu
khién nghich luu hinh T ba pha ba mdic ¢ dap ting dong hoc nhanh va kha néng
theo doi tham chiéu tot. Tinh kha thi va hoat dong chinh xac clia hé thdng durgc
dé xudt dugc xac thuc thong qua md phdng Matlaby/Simulimk.

Tirkhoa: Diéu ché dg rdng xung vector khdng gian, diéu ché do réng xung
sin, nghich luu hinh T,

ABSTRACT

Vehicle-to-Grid (V2G) is a technology that uses electric vehicle batteries
to store “excess” electricity and feed it back to the grid when needed. To
perform this function, power factor correction (PFC) is required. PFCin V2G is
usually multi-level inverters with several advantages, such as less filtering
required, increased efficiency, noise reduction, and reduced THD; however, it
increases the complexity of the controller. In this paper, a grid-connected
three-phase three-level T-type inverter is introduced. The inverter structure
has many advantages, with fewer transistors leading to reduced circuit
complexity. A proportional-integral (PI) controller is proposed to control a
three-phase three-level T-type inverter providing fast dynamic response and
good reference tracking capability. The feasibility and correct operation of the
proposed system are verified through Matlab/Simulink simulation.

Keywords: Space vector pulse width modulation, sinusoidal pulse width
modulation, T-type inverter.
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1. GIGI THIEU

PFC (Power Factor Correction) la thiét bi hiéu chinh
coéng suat, dung dé cai thién hé s6 cong suat va diéu
chinh dang séng dién ap va dong dién trong bd sac.
Trong cong nghé V2G, PFC la b6 bién tan da cap (MLIs),
thuong dugc st dung trong cac hoat déng clia bién tan
ndi lusi cung cap chat lugng dang séng tét vai téng dé
méo séng hai (THD) nhé. Mét s6 MLI da dugc gidi thiéu,
bao gobm Tu bay (Flying Capacitor - FC) [1, 2], Trung tinh
kep (Neutral Point Clamp - NPC) [3] va Cau H (Cascaded
H-bridge - CHB) [4-6]. Mac du cac MLI trén tang dang
ké muc cong sudt nhung van tén tai mot sé han ché.
CHB yéu cau nhiéu nguén DC doc lap, FC yéu cau tu
dién 16n, NPC gap van dé mat can bang dién ap va tén
that dan dién I6n. Do d6, moét cau tric cai tién cua
nghich luu NPC, dugc goi la nghich luu hinh T dugc dé
xudt. Bén canh uu diém cta nghich luu NPC: khéng yéu
cau nhiéu nguén DC doc lap nhu CHB, hay tu dién I6n
nhu FC; nghich luu hinh T khong can diot kep va cé it
van ban dan hon nghich luu NPC dan dén tén that dan
dién va THD thap hon. Méc du van gap van dé mat can
bdng dién ap nhung van van dé nay c6 thé dugc giai
quyét bang thuat toan diéu ché hoac phuong phap
diéu khién.

Trong bai bao nay, cau tric diéu khién bo PFC hinh T
[8,10,12,18, 20, 22, 23, 26] trong ché do no6i ludi dugc gidGi
thiéu. C4u truc diéu khién clia hé théng néi lugi phai dam
bao trao d6i cong suat hai chiéu. Nhiém vu cla bo diéu
khién nai ludi 1a 18y nang lugng tir lugi dé cung cdp cho
mach mot chiéu & ché do chinh luu tich cuc hodc hoan tra
nang lugng ti phia mét chiéu lén lusi & ché dé nghich
Iuu. Dién ap trén tu dién mét chiéu trung gian (phai dugc
gilr 6n dinh), cong sudt tac dung, cdng suat phan khang
la nhiing dai lugng can phai diéu khién (thong qua dong
dién chay qua cudn cdm culia cac pha). Xét va mat diéu
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khién, cdu truc hai mach vong gém cac mach vong trong
la mach vong dong dién, mach vong ngoai la mach vong
coéng sudt hoac dién ap c6 nhiing uu diém ndi bat. Mach
vong dong dién sé giup hé théng kiém soat dugc dong
dién, dap ung tét hon khi cé nhiéu tai, dap dugc dao déng
cdng hudng va bao vé su c6 qua dong. BSi véi mach vong
ngoai thi muc tiéu la 6n dinh, trong khi mach vong trong
thi yéu cau dat ra la kha nang dap ing dong hoc nhanh.
Cautruclién két bién tan va sc d6 diéu khién dugc dé xuat
dé xac nhan théng qua cac nghién ciu mé phéng dugc
thuc hién trong Matlab/Simulink.
1.1. Nghich luu ba pha hinh T

Nghich luu hinh T loai b6 cac yéu cau vé nguén déc
lap, tu dién 16n va diode kep khién ching trd thanh moét
giai phap thay thé hitu hiéu cho cac nghich luu ba pha ba
muc phuc tap trudc day. Mét cau trdc nghich luu ba pha
ba muc hinh T s& dung van RB-IGBT [11] gitp giam sé
lugng van dugc mo ta trong hinh 1. Hai tu dién chia dién
ap dau vao thanh hai dién ap thanh phan. Cac van Sx1,
Sx2 phai chiu toan bo dién ap DC, trong khi cac van Sx3,
Sx4 chi phai chiu mot nira.

——

Hinh 1. Cau triic nghich luu hinh T ba pha

Bang cach phoi hgp déng, tét cac van ban dan, dién
ap mot pha dau ra c6 thé dat 3 muc:

Vdc

T(P)'O (0), _VTdc (N) (& hinh 2).

5 >
-Vde/2 oo _
R R

Hinh 2. Dang dién dp d4u ra cta nghich luu hinh Tba pha

Muc dién ap P, O, N mong muén thu dugc & dau ra
bang cach phéi hop déng va cat déng thai hai van ban
dan. Bang 1 mé ta cac van ban dan dugc st dung dé thu
dugc dién ap dau ra mong mudn cho pha A.
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Bang 1. Trang thai dong cdt van dé tao mic dién ap pha A

Status Vout Smi Sn Sas Saa
Vi
P 7 ON OFF ON OFF
0 0 OFF OFF ON ON
VD(
N —T OFF ON OFF ON

1.2. M6 hinh toan hoc ctia nghich luu 3 pha hinh T

Pé thuan tién cho qua trinh tinh toan, sd d6 mach
nghich luu hinh T néi lugi trong ché do chinh luu tich cuc
dugc mo td nhu trong hinh 3.

b, ply
e, L ﬁfhé Smjg} Scug} V_FE§A3 Ci+
a T
e ol
. b L iy ﬁss 0 5
b Sg3 B
Ce L iy '_Fl%SC3 )
R
2 C2::

“ s
SA@S} SB‘EK& SC%K& C.

Hinh 3. Cau tric nghich luu ba pha hinh T ché d6 ndi ludi

Phuong trinh mé ta hoat déng ctia bo nghich luu ba
pha hinh T phia AC:

N

a =_Ldla +Van
dt
di
e =—L—2+v (1)
b dt bn
e =—Ldlc +v,,
dt

Trong do: e,, v, ec lan lugt la thanh phan a, b, tuong
Ung cla dién ap IUGi; Van, Von, Ven 10 luot 1a thanh phan
tuong Ung clia dién ap pha dau ra bd bién déi; i,, in, ic lan
lugt la thanh phan a, b, ¢ tuong ting ctia dong dién pha.

Chuyén hé phuong trinh trén sang hé toa dé d-q,
duogc:

di
Ld—i[d =—wli, +Vv,—ey

(2)

sq .
L It =-wliy +v, —e,

VGi eq, €q lan lugt la thanh phan d-g tuong tng cla
dién ap ludi (eq = 0); Vsq, Vsq la thanh phan d-q tuong tng
cla dién ap pha dau ra; isq, isq la thanh phan d-q tuang tng
cla dong dién pha; w 1a tan s6 géc co ban.
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Ap dung dinh luat Kichhoff 1, c6 phuong trinh hoat
doéng mo ta phia DC:

G % =lo =k
dt 3)
c, dv,, —C, dv, l
dt dt
= |, =G dVe, -C, dVe, =Cdi (4)
dt dt dt

Véi: I, 1a dong dién qua diém trung tinh, Ve = Ve, - Vo
la sai léch gia tri dién ap gilra hai tu dién DC
2. CAU TRUC PIEU KHIEN SU DUNG BO PIEU KHIEN PI
2.1. Cau tric diéu khién

C4u trac diéu khién bod nghich luu hinh T ba pha su
dung bé diéu khién Pl ché d6 néi lusi dugc thé hién trong
hinh 4.

€, L i
(9 ——t N A
i
ey L |
n O e
€. L i
Cabe Tabe
P b ~
pLL @ | e qu
| eqseq i
> lq

R R IR N T ¥
— [ I“;Z*I PL o t—c
| P o]
Ispk el IBpK PII

Hinh 4. Cau trdc diéu khién nghich luu hinh T ba pha ché do ndi lugi s
dung b diéu khién Pl

B6 nghich luu hinh T ¢6 thé dugc diéu khién theo cau
trdc ndi tang, vong trong diéu khién dong dién, vong
ngoai diéu khién dién ap hiéu dung dau ra hoic dién ap
phia mot chiéu. Gia tri dau ra cia bo diéu chinh dong dién
sé di qua khau diéu ché vector khéng gian SVM [8] d€ tao
cac xung diéu khién cho hé théng van IGBT. Muc tiéu diéu
khién:

- Bién 4p moét chiéu dau ra DC 6n dinh tai mot gia tri
dat trudc.

- Bién ap pha dau ra mach nghich luu phai dong bo
véi dién ap ludi.

- Hé théng 6n dinh hoac it xay ra sai léch trong trudng
hop dién ap lugi khong ly tudng.

- Can bang dién ap trén hai tu dién mot chiéu.
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2.2. Thiét ké bo diéu khién dong dién

Tu phuong trinh (2), nhan thay cac thanh phan w.isq va
W.isa €6 thé khit bang cach bu; cac thanh phan e, eq la
nhiéu. Khi d6, ham truyén gilta dong dién va tin hiéu diéu
khién tuong tng cé thé dugc biéu dién:

S
Gy(5) = \';“( AR (5)
o(S) (510 Ls
Gvi (S) = ISd(S) = l
V,(s) ey(6)-0 Ls

Thay déi tugng diéu khién 1a khau tich phan nén cé
thé st dung b diéu khién P1 [26]. C4u tric bo diéu khién
dugc thé hién trong hinh 5.

i*sd t :
i PI
: oL
i —
= oL
i N

PI

Hinh 5. C&u trdc diéu khién mach vong dong dién khi st dung bd diéu
khién PI

Ham truyén hé kin mach vong dong dién sé la:

K 1+i !
P -I-iS LS

6s) - G (s)G,(s) _

T 14G,(s)G,,
G ()G, (s) 1+Kp[1+15]|_1
S )Ls

KT +K
ST ©)
Trs"+K, T +K,

So sanh vai khau dao dong chuan bac hai:

2 +w’
G(8) =T (7)
2w tw?

buoc:
K, =2{w,L
2C (8)

T==
w

n
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Trong d6, {la hé s6 dao dong tat dan; wy la tan s6 goc
dao dong riéng cta hé théng.

2.3. Thiét ké bo diéu khién dién ap

Trong bai béo nay, bo diéu khién PI 13y gia tri sai léch
(Upe —Upc ) 1am gid tri déu vao va cho ra gié tri dt clia
dong dién.

Cau truc cla bod diéu khién dién ap DC dugc thé hién
trong hinh 6.

U—“%@ﬂ R(s) [+ Gis)

Hinh 6. Cdu triic bd diéu khién dién ap

Idc

Udc

1
Cs

Ham truyén cla b6 diéu khién Pl c6 dang:

L
S

R,(s)=k

u up

9)

Trong d6, kyp va ki 1a hé s ty Ié va tich phan tuong
ung.

Ham truyén vong kin mach vong dién ap:

kui
U () K r+$
S U U
U"Z( = c Tk k (10)
de 5 s+ ”"s+?“i

So sanh phuong trinh trén véi phuong trinh ham
truyén cda khau dao déng bac hai chuén, ta chon cac
thong s6 diéu chinh dién dp nhu sau:

k,, =2(Cw,
K —Cw? (1
ui wn

C C ,
Véi Czjz?z la gia tri tuong Ung cla tu dién C; noi
tié’p C,.
3. KET QUA MO PHONG

Cau trdc mach diéu khién nghich luu hinh T ba pha ba
muc vGi bd diéu khién Pl dugc mé phdng bang
Matlab/Simulink. Bang 2 cho thdy cac thong s6 dugc su
dung trong nghién ciru mé phdng. Hiéu suat cda bod
nghich luu dugc kiém tra trong cac diéu kién khac nhau.
Cac nghién ctru mo6 phong cho thay bo nghich luu ba pha
ba muc hinh T stt dung van RB-IGBT c6 thé thuc hién chtic
nang tuong tu mac du cé cau tric don gian hon so véi cac
b6 nghich luu théng thudng khac. Bién dé dong dién luéi
tham chiéu tang ti 32A 1én 64A tai t = 0,215s va giam tu
64A vé 32A tai t = 0,395s.
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Dong dién luéi va dién ap lugi cho cac thir nghiém
hoat déng nay dugc mé ta trong hinh 7 va 8. Tu cac két
qua nay cho thdy nghich luu hinh T ba pha ba muic dé
xuat c6 tac dong nhanh va loai bé 16i trang thai én dinh
trong dong dién. Dong dién lugi cling déng pha vai dién
ap luéi va thu dugc hé s6 cong suat théng nhat. Hinh 9
cho thay téng dé méo séng hai (THD) clia dong dién ludi
cho nghién cttu mé phong nay. Theo két qua mé phong,
muc THD dugc tinh la 3,04%, dap Ung cac gidi han quy
dinh trong cac tiéu chuan quéc té€ nhu IEC61727 va

IEEE1547.

Bang 2. Cac thong s6 hé théng md phong

Pai lugng Mé ta Gia tri
Vi Dién ap DC-link 700V
( Tu dau vao DC-link 950uF
L Cudn cam loc 1,3mH
G Cudn khéng loc 21uF
Rioad Dién tré tai 9,70
f; Tan s6 chuyén mach 5kHz
T Thoi gian trich mau 0,2ms
Kp-u Hé s t7 1& dién ap 0,532
Kp-i Hé s6 ti & dong dién 1,617
Kio H& s6 tich phan dién ap 119,275
K. Hé s6 tich phan dong dién 5081,07
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Hinh 7. Dong dién ludi tham chiéu tang
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Hinh 8. Dong dién ludi tham chiéu giam

Fundamental (50Hz) = 31.44 , THD= 3.04%

16F 7

141

-
N
T

-
T

(=
o
T

Mag (% of Fundamental)
o
[o2]

o
~
T

S
(M)
T

0 20 40 60 80 100
Harmonic order

Hinh 9. Tdng dd méo song hai (THD) dong dién ludi
4, KET LUAN

Trong nghién ctu nay, bo nghich luu néi luéi hinh T
ba pha ba muc dugc dé xuat véi s6 luong van ban dan
giam da lam don gian cau tric mach nhung van duy tri
dugc tinh uu viét cla nghich luu hinh T néi riéng va
nghich luu ba muic néi chung.

Dong thai trong bai bao nay, mét mach vong diéu
khién cho nghich luu hinh T ciing dugc dé xuat véi hai
vong diéu khién; vong trong diéu khién dong dién, vong

Vol. 61-No. 9 (Sep 2025)

ngoai diéu khién dién ap. Day la moét hé thong diéu khién
hiéu qua, tac ddng nhanh va loai bo 16i trang thai mat 6n
dinh ctia dong dién lugi. Hé th6ng dé xuat dugc xac nhan
thong qua cdc nghién cdu mo6é phéng trén
Matlab/Simulink. TU két qud moé phdng cé thé thay
nghich luu dugc dé xuat tao ra dién ap ludi ba pha can
bang va c6 dang hinh sin. THD cla dong dién lusi dap
Ung cac gi6i han quy dinh cuda tiéu chuan IEC61727 va
IEEE1547.
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