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TOM TAT

(6ng nghé sac nhanh cho xe dién (EV) da trd thanh mot giai phap hiéu qua nhdm khac phuc han ché vé thai gian sac kéo dai clia cac hé thong sac truyén
thdng. Tuy nhién, viéc tich hop cac tram sac nhanh xe dién (EVFCS) vao ludi dién lai ddt ra nhiéu thach thic nhu dao ddng dién ap, gia tang ap luc én ludi phan
phdi va suy giam chat lugng dién ndng. Bai bao nay trinh bay phuang phép diéu khién tién tién la diéu khién trugt (SMC) cho tram sac nhanh xe dién hoat dong
trong méi trudng ludi dién mét chiéu siéu nhd (DC Microgrid - DCMG) ¢d tich hop cac ngudn phat dién phén tan tir ndng lugng tai tao. Cic mo phdng duoc thuc
hién trong moi trudng MATLAB/Simulink dé danh gia hiéu qua ctia céc bo diéu khién dudi nhiéu diéu kién van hanh khdc nhau. Két qua cho thdy, phuong phap
nay cdi thién dang k€ hiéu sudt cta hé thong, SMC cho kha ndng dap (ing nhanh, thdi gian qua do ngan hon va do bén viing cao.

Tirkhéa: Tram sac nhanh xe dién, diéu khién truot, diéu khién ma; ludi dién mét chiéu siéu nhé.

ABSTRACT

Fast-charging technology for electric vehicles (EV) has emerged as an effective solution to overcome the limitation of long charging times in conventional
charging systems. However, integrating electric vehicle fast charging stations (EVFCS) into the power grid poses several challenges, such as voltage fluctuations,
increased stress on the distribution network, and degradation of power quality. This paper presents an advanced control method -Sliding Mode Control (SMC) -
applied to an EV fast charging station operating within a DC microgrid environment integrated with renewable distributed generation sources. Simulations are
carried out in the MATLAB/Simulink environment to evaluate the controller's performance under various operating conditions. The results demonstrate that the
proposed method significantly improves the overall system performance, providing faster dynamic response, shorter transient time, and higher robustness
compared to conventional approaches.

Keywords: Electric vehicle fast charging station, sliding mode control, fuzzy logic control, DC microgrid.
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1.DAT VAN PE

Trong nhiing nam gan day, s6 lugng xe dién trén toan

I6n dung lugng pin chi trong khodng 30 phut, mang lai
tinh tién dung cao hon cho ngugi dung. DU vay, cong suat

cau tang nhanh nha céc cai tién vé hiéu suat nang luong
va pham vi hoat dong. Tuy nhién, thai gian sac lau van la
mot trong nhiing rao can 16n han ché sy phé bién rong
rai cta xe dién [1]. Cac bd sac cham cap do 1 va cap dé 2
thudng mat tir 4 dén 16 gid dé sac day pin [2], trong khi
b sac nhanh cap d6 3 (DC fast charger) cé thé sac phan
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I6n cta cac bé sac nhanh (50 + 240kW) c6 thé gay ra dao
déng dién ap, tén that dién nang va tai tac ddng dét ngot
cho lugi phan phdi, dac biét trong cac khu vuc dan cu.
Mot hudng ti€p can hiéu qua la tich hop cac tram
EVFCS vao lugi dién mot chiéu siéu nhd DCMG c6 sirdung
nguén nang lugng tadi tao phan tan (Distributed
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Generation Systems-DGS) nhu hé théng quang dién (PV)
[3]. Cau truc DCMG gitip tang hiéu suat, don gian héa diéu
khién va cai thién kha nang phéi hgp gilra cac nguén
nang lugng. Nhiéu c6ng trinh nghién ctu da dé xuat cac
chién lugc diéu khién va quan ly nang lugng trong EVFCS
nham duy tri trang thai sac (state-of-charge - SOC), t6i uu
chi phi van hanh, va tan dung co6ng nghé xe dién néi lugi
(Vehicle-to-Grid - V2G) dé hé trg 6n dinh dién 4p va can
badng tai [4].

Tuy nhién, cac nghién ctu trudc day hiém khi xem xét
viéc str dung truc ti€p pin xe dién nhu mét nguon dién DC
cho D-STATCOM nham cai thién chat lugng dién ap trong
ché& d6 V2G. D& khac phuc khoang tréng nay, bai bao dé
xudt mot mo hinh DCMG tich hgp hé théng nang lugng
tai tao, tram sac nhanh cap d6 3 va bd chuyén déi hai
chiéu dugc diéu khién bang cac thuat toan théng minh
SMC. Muc tiéu la gidam hién tugng qua diéu chinh dién ap,
tang kha nang 6n dinh va nang cao tinh bén viing trudc
cac dong hoc phi tuyén cla hé théng [5, 6].
2.MO TAHE THONG

Xét mét hé théng ludi dién DCMG n6i ludi, bao gom
tram sac EVFCS va mét hé théng pin mat trai PV ¢ cong
suat dinh 120 kW, hoat déng & ché dé bam diém céng
suat cuc dai (MPPT - Maximum Power Point Tracking),
nhu dugc thé hién trong hinh 1.
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Hinh 1. M6 hinh tram sac nhanh

Do kha nang cai thién hiéu suat van hanh cta ludi dién
va giam céng suat cuyc dai clia tai, cdu hinh DCMG dugc
lua chon thay vi hé thdng xoay chiéu truyén théng. Trong
do, nguodn PV dugc st dung nhu ngudn phét dién phan
tan, nhg dac tinh linh hoat va kha nang tuong thich cao
vGi tram sac EVFCS, vugt troi hon so véi cac ngudn nang
lugng co tinh ngau nhién nhu dién gio.
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2.1. Hé théng pin mat trdi (PV) va thuat toan diéu khién
Mé hinh PV dugc xdy dung dua trén bd diéu khién

nguon dong, thé hién trong hinh 2.
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Hinh 2. Mang pin mét troi PV va diéu khién MPPT

M&i quan hé gitta dong dién va dién &p cla cell PV
dugc xac dinh theo cong thuc:
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Trong d6: Is la dong bao hoa clia di-6t; lpy la dong
quang dién phu thudc nhiét d6.

Ly =lovo (1+K; (T—300)) (2)
v
|, =K, Te KT 3)

Vi Ky, K> 1a hang s6 dac trung ctia mé hinh PV; T la
nhiét d6 hoat dong cuda cell PV; q la dién tich electron; n
la hé s6 chat lugng di-6t; L 1a hang s6 Boltzmann.

Hé théng PV dugc néi véi DC bus thong qua bd chuyén
d6i DC/DC ki€u boost. Muc tiéu ctia b bién déi nay la duy
tri hoat dong clia hé théng tai diém céng suat cuc dai,
théng qua thuat toan MPPT két hgp b diéu khién PI.

2.2. Thiét ké tram sac nhanh xe dién (EVFCS)

So dé tuong duong clia tram sac nhanh EV dugc thé
hién trong hinh 3. Nghién ctfu st dung pin lithium-ion, do
loai pin nay cé chu ky sac xa dai, mat d6 nang lugng va
cbng suat cao, phu hgp véi cac ting dung sac nhanh.

EV
Battery

'é!ll

Hinh 3. M6 hinh pin xe dién va bd sac

Mé hinh pin dugc xay dung dua trén mé hinh chuan
cla SimPowerSystems, gébm nguon dién ap bién thién
Epate MAac néi ti€p vai dién trg trong Ro. Gia tri SOC dugc
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theo d6i dé tranh xa pin sau hodc sac qua muec. Dién ap
dau ra ctia pin va SOC dugc tinh nhu sau:

Voatt =Epatt ~lpattRo (4)
SOC(t) = SOC(0) —% j lyore (D)t (5)

Trong d6: Q la dung lugng cuc dai clia pin.

Pin xe dién dugc néi vai DC bus théng qua bd sac hai
chiéu ngoai xe, st dung hai transistor IGBT hoat déng b6
sung lan nhau. B6 sac cho phép dong dién hai chiéu:

- Khi & ché d6 sac (Grid-to-Vehicle, G2V), b6 sac hoat
dong nhu mach buck: céng suat tir PV va ludi cap vao pin.

- Khi & ché d6 xa (Vehicle-to-Grid, V2G), b6 sac hoat
dong nhu mach boost: nang lugng tu pin dugc dua ngugc
tré lai ludi.

Méi quan hé gilta dién &p va chu ky xung diéu khién
dugc mo ta béi:

2.3. Bd nghich luu néi luéi (Inverter)

M6t bo nghich luu nguodn ap hai chiéu dugce st dung
dé két n6i DCMG vai luéi dién xoay chiéu, thdng qua may
bién &p ha ap ba pha va bé loc LCL nhu Hinh 4. B6 nghich
luu chuyén déi dién ap DC bus thanh dién ap AC, cho
phép trao d6i cong suat gitia DCMG va ludi dién chinh. Bd
loc LCL dé loai bd séng hai va dam bao dong dién dau ra
¢6 dang hinh sin min. Viéc lua chon théng sé bo loc dugc
xac dinh dua trén cac yéu t6 nhu dién ap DC, tan s6 dong
cat, hé s6 diéu ché va miic méo hai cho phép. Hé thong
diéu khién bd nghich luu bao gém vong diéu khién dién
ap ngoai va vong diéu khién dong dién trong, st dung bo
diéu khién PI. Bén canh d6, mach khoa pha (PLL) dugc
dung dé déng bd pha gitia dién ap ludi va bd nghich luu,
dam béo trao d6i cong suat hiéu qua va én dinh.

3. HE THONG PIEU KHIEN BUGC DE XUAT

Cac hé théng diéu khién cho DCMG c6 tich hgp tram
sac EVFCS dé xuat gém ba bo diéu khién doc 1ap: Bo diéu
khién cho hé théng PV - duy tri hoat déng tai diém cong
suat cuc dai (MPPT); B6 diéu khién cho bé nghich luu
(Inverter Controller) - ddm béao 6n dinh dién ap DC bus va
diéu khién trao d6i cong suat véi ludi dién; Bo diéu khién
cho bo sac hai chiéu cta xe dién (EV Charger Controller) -
diéu chinh dong sac/xa ctia pin nham gidam dao dong
dién ap va dong khéi déng. Muc tiéu chung ctia hé thong
diéu khién la duy tri can bang céng suat trong microgrid
va 6n dinh dién ap bus DC & muc dinh danh 900V.

3.1. Diéu khién bd nghich luu (Inverter Control)

B& nghich luu (VSI - Voltage Source Inverter) chiu trach
nhiém gir 8n dinh dién ap DC bus & muc 900V, ngay ca
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khi cong sudt phat va tai thay déi. Chién lugc diéu khién
dugc xay dung theo phuong phap diéu khién vector dq,
gém:

- M6t vong dién ap ngoai (Outer Voltage Loop): diéu
chinh dién ap DC bus;

- Hai vong dong dién trong (Inner Current Loops): diéu
khién dong dién tac dung (l4) va phan khang (l,).

Hé théng diéu khién sit dung ba bo diéu khién Pl véi
théng s6 da dugc hiéu chinh (K, = 4,5; K; = 200). D€ déng
b6 pha gilra dién ap lugi va b nghich luu si dung mach
khoéa pha PLL.

3.2. Piéu khién bé sac hai chiéu (EV Charger Control)

B6 sac hai chiéu cla xe dién si dung bo bién déi
DC/DC kiéu buck-boost, c6 tinh phi tuyén manh do su
thay déi clia tai va dién ap dau vao. D€ nang cao hiéu qua
diéu khién, bai bao dé xuat st dung bo diéu khién truct,
muc tiéu chinh ctia bé diéu khién la: Gidam hién tuong qua
dién ap va dong khai dong I6n, duy tri dong sac nhanh én
dinh, ndng cao kha nang dap ting dong va dé 6n dinh cta
hé théng.

Diéu khién trugt la phuong phap diéu khién phi tuyén
c6 kha nang déi pho tot vai nhiéu va bién thién tai, dac
biét thich hgp cho cac bé bién déi cong suat clia tram sac
nhanh. Trong bo diéu khién SMC, dong dién pin dugc
chon lam bién trang thai diéu khién chinh.

Bé& mat trugt s dugc dinh nghia nhu sau:

S =0X; +0,X, (©6)
V6 Xy =g ~ipats Xa = [ leg i)t

Trong do6, as, a, la cac hé s6 trugt dugc xac dinh thuc
nghiém dé dam bao téc d6 hoi tu va én dinh.
Luat diéu khién ctia SMC dugc chon:

u :%(Hsign(s)) (7)

Phuong phap nay ddm bao dong dién bam sat gia tri
dat véi sai s6 nhd, dong thai c6 khd nang phan ting nhanh
vGi cac thay doi dét ngot clia tai hoac dién ap dau vao.

Trong mé hinh dugc dé xuat, pin xe dién dugc tich hop
vao D-STATCOM théng qua bé chuyén déi hai chiéu. Khi
van hanh & ché d6 V2G, pin cung cap céng suat phan
khang va cong suat tac dung can thiét dé duy tri dién ap
tai diém néi chung (PCC - Point of Common Coupling).
Dién 4p DC phia D-STATCOM dugc gilt 6n dinh, ddm bao
kha nang diéu khién nhanh va chinh xac khi dién ap lugi
thay d6i. Trong trudng hop xuat hién hién tugng sut ap,
pin EV sé x& nang lugng dé bu cong suat thiéu hut, gidp
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Imadiance

dua dién ap Iudi tré

vé gia tri danh dinh.

Bo diéu khién truct

i
iV,

SMC cling dugc ap
dung dé diéu khién
dong dién cia D-
STATCOM. SMC cé
uu diém vugt troi
trong viéc bam theo
dong tham chiéu
nhanh, chéng nhiéu
tét va ddm bao 6n
dinh ngay ca khi luéi
chiu bién dong tai
dot ngot. Khi xdy ra
su ¢6 sut ap, SMC sé nhanh chong diéu chinh dong phan
khang dé bu céng suat thiéu, gitup dua dién ap ludi tré lai
gid tri danh dinh chi trong vai chu ky.
4. KET QUA MO PHONG

Trong phan trén, bai bao da xay dung bo diéu khién
cho tram sac EVFCS. M6 hinh mé phéng dugc thuc hién
trén Matlab/Simulink. Ludi dién siéu nho dugc chia thanh
bén phan quan trong: Mot may phat dién diesel, dong vai
trd la may phat dién co s&; Mot trang trai quang dién dé
san xuat nang lugng tai tao; mot hé théng V2G duoc lap
dat bén canh tai cta lugi dién. Quy mo cuda luéi dién siéu
nho tuong duong véi khodng mot nghin ho gia dinh, cé
100 xe dién trong md hinh ca s&, nghia la ty 1é gilra xe hai
va ho gia dinh 1a 1:10. K&t qua clia bo diéu khién TC cho
dong co cdm Uing tuyén tinh dugc so sanh véi bo diéu
khién diéu khién trugt thong thudng. Tham s6 mé phong
nhu thé hién trong bang 1.

Partial
Shading

powergui

Phasor
60 Hz

Clock

‘me (n)

- Diesel Geerator
15 MW

Bang 1. Tham sd md phang

Tham s hé théng Gia tri
S6 md-dun PV ndi tiép 10

Dién cdm bo chuyén doi PV, L 3.10%H
Dién dung bd chuyén ddi PV, Gy 1.10°F
Dién &p U6, Vg 25.10
Cudn cam b loc, Lyrig 50.10°H
Tu log, Goer 50.10°F

Dung lugng pin, G 100Ah
Dién cdm cla b sac hai chiéu, Lepar 10.10°H
Tu cta bo sac hai chiéu, Cepar 50.10°F

So d6 cau triic moé phéng hé théng dugc thé hién trén
hinh 4.
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Hinh 6. Dién dp sac
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Hinh 8. Trang thdi sac
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Hinh 9. Dién ap trén bus mot chiéu
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Hinh 10. Dong dién lugi

Trén hinh 6, 7, I, bam ~130A én dinh, dién ap V, 6n
dinh, khéng c6 qua diéu chinh. Cho thay bo diéu khién
déu bam dong t6t trong diéu kién buc xa mat troi thay
déi cham. SOC gidm nhe tir ~60% xuéng ~59,92% trong
2s phu hgp véi ché d6 nap (dong tur bus vao pin). Hinh 9
cho thay khi PV gidm (= 0,4 + 0,5s), Vac ha tir ~900 + 905V
vé =895 + 900V réi én dinh, khéng rung 16n ching té
vong diéu khién gilt bus tot; phan thi€u céng suat da
dUC)'C |grid bu.

Truong hop 2: TU 0 + 1s, I, = +130A (sac); 1 + 2s,
Ib = -130A (x3); Vac van diéu khién bam 900V; ludi hap thu
(nhan cong suat).

Hinh 12 cho thay, V4. c6 qua diéu chinh ~1,08kV ngay
sau 1s r6i nhanh chéng vé 900V, day la qua d6 do dao
chiéu céng suat; vai SMC dugc tinh chinh tét, dinh va thoi
gian héi phuc ngan; lgiq d6i dau rd rang tai 1's (=+45A —
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~—80A), thé hién ddi chiéu trao déi cong suat vai lugi khi
pin tU nap sang phat. B6 SMC (dac trung béi mat trugt va
diéu khién theo dau sai léch) han ché dang ké thdi gian
qua dé clia Vg va gilt 6n dinh vong dong, trong khi van
dam bao lugi nhan va cap dung céng suat. Day chinh lay
nghia c6t 16i ctia diéu khién SMC: bén ving trudc bat dinh
va chuyén ché do.
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Hinh 12. Dién &p bus DC va dong ludi

Nhan xét:

TU cac két qua mé phdng thay rang bé diéu khién SMC
dé xuat c6 nhing uu diém sau:

- Bén viing va phan Ung nhanh: G chuyén ché do
G2V V2G, gidm ts clia Vg va gilr vong dong 6n dinh, han
ché& qua diéu chinh ngay ca khi cong suat déi dau.

- Phan bé cong suat 8n dinh gilta PV - Ludi - Pin: Khi PV
gidm, bus van én dinh ~900V, dong dién Ui lgiq tu bu,
cho thdy SMC hoat déng hai hoa véi vong gilt bus dé
“dém"” nang lugng qua pin. SMC dat do bam cao, dap ung
nhanh va 6n dinh, dac biét trong cac tinh hudng phi
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tuyén, nhiéu do hoac thay d6i ché d6 van hanh. Kha nang
diéu khién manh mé, bén viing vdi sai Iéch mé hinh giup
SMC dam bao an toan van hanh va cai thién chat lugng
dién nang trong DC microgrid.
5. KET LUAN

Bai bao da dé xuat va danh gia mot chién lugc diéu
khién trugt cho tram sac nhanh xe dién trong lugi DC
microgrid, nham nang cao kha ning 6n dinh dién ap DC-
link, @dm bao bam dong sac chinh xac va hé trg lugi dién
trong cac tinh huéng van hanh phtc tap. Phuong phéap
nay khéng chi ddm bao chat lugng sac ma con gop phan
nang cao dd tin cay va kha nang tuong tac ctia hé théng
EVFCS véi luéi dién théng minh hién dai.
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