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Ngay nhan bai: 08/09/2023  Bai bao nay trinh bay két qua nghién ctru vé qthié’tﬂ ké bo on-boarq battery
charger (OBC) cho 6 t6 dién. Pay la b chuyén doi dién xoay chicu trong
dan dung thanh dong dién mot chiéu nap cho bé pin cao ap trén 6 t6 dién.
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}?iéu ché do rong xung; phén dién tir hoat dong hi¢u qua duéi di¢n 4p cao. M6 hinh OBC cung cap
O t6 dién; dong dién nap lién tuc dén bo pin dung thir nghiém ddng co 6 t6 dién.
Ché do dan gian doan.
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1. Giéi thigu

O t6 dién hién nay 1a ndi dung nghién ctru dugc quan tim khéng chi & Viét Nam va ca trén Thé gioi.
Hau hét chinh phu ciia cac nude phat trién déu khuyén khich sir dung 6 t6 dién nhdm giam su tip trung
khoi thai [1]. Cac thanh phd 16n trén Thé gi6i da dit ra cac 16 trinh dan thay thé phuong tién dong co
dbt trong truyén théng thanh dong co dan dong bang dién nham giam phat thai 6 nhiém khong khi.

Bo nguén 12 mot thiét bj can thiét cho cac mach dién noéi chung va cho 6 t6 dién ndi riéng. N6 cd
chire nang chuyén d6i ngudn dién nhu thay déi dong dién, dién ap dau ra. Trén 6 td dién, bd ngudn cd
mit & nhiéu hé thong. Trong do6, hai mach ngudn quan trong 1a mach nap dién (on-board battery charger
- OBC) va mach chuyén doi dién ap thap. OBC trén xe dién co chirc ning chuyén doi ngudn dién xoay
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chiéu (AC) trong dan dung sang nguén mot chiéu (DC) dé nap cho bo pin. OBC gin tryc tiép 1én 6 t6
dién khac véi bd nap dién ngoai xe 1a cac tram sac nhanh DC gin ¢ cac dia diém cong cong. Vi ning
lugng cho bo pin 6 td dién chi dugc nap mot phan & cac tram nap cong cong nén OBC giup cho nguoi
l4i xe c6 thé cam truc tiép vao ngudn dién & nha, cung cap phan ning luong can thiét con lai cho 6 to
dién [2].

OBC 1a m6t thiét bi can thiét cho 6 to dién va dugc quan tim nghién ciru cai tién. M6i quan tim 16n
nhit 14 ning cao cong suit cia OBC tir muc truyén thong 3.3kW 1én muc cao dén 7.4kW nhu xu hudng
gan day [3]. Trén cac 6 to dién hién nay, hau hét OBC 1a mot mach dién doc 1ap, tiép nhan dong dién
AC, chuyén doi dang dong dién DC, nap bd pin cao p véi cudng dd phut hop. Mot s6 nghién ctru con
tich hop OBC véi bo dan dong 6 to nhu cac cudn diy trong dong co dién [4].

Ngoai ra, OBC gin trén 6 t6 dién khi chay trén duong nén yéu cau dit ra I khéi lugng nhe, hiéu suat
cao, chiu dugc diéu kién khic nghiét cia méi truong va dam bao an toan trong qué trinh nap [5]. Noi
dung bai bao nay trinh bay vé thiét ké bo nap pin cho 6 t6 dién. M6 hinh bd chuyén d6i DC/DC ding
nguyén tic Flyback Converter voi wu diém 1a c¢6 d6 an toan cao. Mach dién phan ctng sir dung vi diéu
khién dé tinh toan xung diéu khién PWM (Pulse Width Modulation) cho bién ap.

2. Thiét ké b Onboard Battery Charger
2.1. M6 hinh bg chuyén doi DC/ DC

B6 chuyén d6i DC/DC c6 chirc niang chuyén dbi dién ap DC sau khi chinh luu thanh DC nap cho bd
pin. Yéu cau cua bd chuyén doi nay 1a phai thay d6i duoc dong dién va dién ap phu hop véi chu trinh
nap théng dung cua pin la nap vdi dong khong d6i va nap voi dién ap khong doi. Trong thiét ké nay,
nguyén tic chuyen d6i DC/DC dang Flyback Converter dugc lya chon. Uu diém cua cau trac Flyback
Converter 13 diéu khién don gian, cach ly duoc ngudn cip vao va du ra. Day ciing 13 yéu cau quan trong
trén xe dién dé dam bao an toan.

So db bd chuyén d6i DC/DC dang Flyback Converter dugc mé ta nhu Hinh 1. Trong d6, Ry 13 dién
tré cudn day so cép. Rc 1a dién tré ky sinh trén tu dién. R 1a dién trd tai dién bén ngoai. Vp 1a dién ap
roi trén diode chinh luu. Ty s6 vong ddy quéan cudn thir cip va cudn so cap 1a n = Ng/N,. Bién ap c6 do
tw cam L, tu loc & dau ra cudn thir cép c6 dién dung 1a C.

é l (t)
L,* t)

t
LT "l
_ _{ .

Hinh 1. So'do bé bién doi DC — DC dang Flyback Converter

i (t) v (t)

1L

Bién 4p xung hoat dong & ché do gian doan (DCM - Discontinuous Conduction Mode). C6 3 giai
doan hoat dong cua mg}ch dién trong tong thé 1 chu ky cia nc'):’ Giai doan MOSFET dan - diode ngat,
giai doan MOSFET ngat - diode dan va giai doan MOSFET ngat — diode ngat [6-8].

O giai doan 1, khoang thoi gian 1a di. MOSFET dan, dong dién chay qua cufn so cAp ctia bién ap va
nang lugng dugc tich trit trén cudn so cap. Luc nay, diode ngat, tu dién s€ xa dién qua tai dién R.

Dién ap trén cudn so cép, dong qua tu dién, dién ap dau ra va dong dién ngué)n duogc mo ta nhu sau.

di
mlcli—t(f) =vp(t) — RQil(t) 1)
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L ® __ @ 2
dt R, +R,

po(t) = ;’;(j)fj 3
(D) = iy (£) ()

Trong d6, Ro 13 dién tré ki sinh ctia khoa MOSFET. Sip xép lai phuong trinh (1) — (4), ta duoc
phuong trinh khong gian trang thai nhu sau.

di;l(t) I[_L_RQ 0 ]Il(t) Ly ®)
t |_|Lm 2 v,
dve@®| | | 1 |[U1C(t)]+ fm 0][ Va ] (5)
ac 1| "R,C+R.C
10
) 1(6) n(®
[Lo<t>]=[o ol Lo ol ®

0 giai doan 2, khodng thoi gian 1a d2. MOSFET ngit, diode dan. Dong dién duoc tao ra trong cudn
thir cap nap cho tu.

dil (t) _ il (t)ancRL Ve (t)nRL

= - 7
mT R,—R, R, —R, 4" )
dv(®) _ 5(OnR,  ve(t) @
dt R, —R. R;,—R,
L (OnRR,  v.()R,
t) = 9
o in(t) =0 (10)
Sap xép lai phuong trinh (7) — (9), ta dugc phuong trinh khong gian trang thai nhu sau.
di; ()1 [ n*RcR, nRL 1
dt | _|RiLm—RcLm RiLm— |[11(t) —— [vn(t) (1)
dvc(8)| | nR, 1 e (t)
at | | R C-R.C RLC—RCCJ
. 0 0 .
0] - [ ek, R_|[2O], (0 g [vno:) 12
Vo (t) RL _ RC RL —R Ve (t)
O giai doan 3, khoang thoi gian 1a ds. MOSFET ngit, diode ngat. Phuong trinh mé ta nhur sau.
dll ®)
=0 14
g (14)
dv(t t
Ldv® e )
dt R; + R,
v (DR,
t)=—— 16
in(t) =0 (17)
Sép xép lai phuong trinh (14) — (17), ta dugc phuong trinh khong gian trang thai nhu sau.
diy (t)
dt [11 () 01 [vn (t)] (18)
dv(;(t)\ [ R C+R.C v.(t) [0 0] Vy
t
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ln (t)] 11 (t)] ] [Un(t) (19)

170 ) R, + R, vc ®)

Ap dung phuong phap trung binh khong gian trang thai (State-Space Averaging) trong ché d6 hoat
dong dan gian doan, phuong trinh trang thai mo ta hé thong 1a 1a sy két hop giita phuong trinh (5) — (6),
(11) — (12) va (18) — (19):

dll(t) [_Rle n R RLd2 nRLdz
at | _| Tm " Rilm—Relm RiLm — ReLm [ll(t)
dv.(t) | _ nRd, dy +ds B d, | vc(t)
dt | R.C —R,C "R,C+R.C R,C—R.Cl (20)
d nd
+ L—l —L—Z [Un(t)]
m m Vd
0 0
. 0 0 .
[ln(t) = |nR:R d; R (dy +d3) + R d; [ll(t) ][ Un(t) ] (21)
v |\ R R, TR +R. TR -R,|Y (t)

Trong d6, cac ma tran cta hé théng nay thu duge nhd cong 3 ma tran trong 3 trang thai trude tuong
ung voi khoang thoi gian di, d va ds.

Céc thong s6 tham khao cho md hinh trén dugc cho nhu Bang 1. Mot sé thong s trong Bang 1 ¢o
duoc 1a gia tri do dugc trén thuc té mo hinh thuc nghiém, mot s6 thong s6 dugc tham khao trong céc tai
liéu cong bo trong cac nghién ctru trude day [6, 9-11]

Bang 1. Théng sé b bién doi DC - DC

Théong sb Gia tri

Do ty cam tir hoa bién ap, Ly (MH) 27

Tan s bién ap xung, f (Hz) 100,000

bién ap diode, Vg (V) 1.25

Tu dién loc dau ra, C (uF) 22
Dién trd ky sinh trén tu, Rc (Q) 0.09
Dién tro tai dién, R (Q) 700
Dién trd ky sinh trén MOSFET, Rq (Q) 0.04

Ty sé vong day quén, n 1
Dién ap ngudn sau chinh luu, v, (V) 310
Ty 1¢ thoi gian dan giai doan 1, ds 0.3
Ty 1& thoi gian dan giai doan 2, d 04
Ty 1& thoi gian dan giai doan 3, ds 0.3

Thuc hién md phong hé thong mo ta trong phuong trinh (20) — (21) v6i théng s6 nhu Bang 1, két qua
thu duoc nhu Hinh 2. Dong dién ngudn cip cho cudn so cip bién 4p co dang nhu Hinh 2(a). Sau giai
doan chuyén tiép ban dau, d(‘)ng dién 6n dinh & mic khoang 0.5A.

bién ap trén cudn thu cap thu duogc nhu Hinh 2(b). Gia tri dién ap dau ra dao dong trong thoi gian
ngin va on dinh & mac 310V. Gia tri dién 4p nay thu dugce 1a do cac ty 18 thoi gian dan cua bién 4 ap xung
d; di dugc chon nhu Bang 1. Pay chinh 1a d6 rong xung PWM, gié tri ndy thay d6i s& lam thay doi dién
ap ra trén cudn thtr cap. Viée diéu khién thay d6i dién ap va dong dién cta bo nap lién quan dén viéc
thay ddi d6 rong xung nay.
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Hinh 2. (a) Dong dién trong cugn so cap va (D) Pién dp ra trén cudn thir cdp

2.2. Thiét ké mach di¢n cho OBC

So db khdi cia OBC duoc cho nhu Hinh 3. Trong d6, bo chuyén d6i DC/DC duogc dung dé thay doi
dién ap va dong dién & dau ra c6 dic tinh nhu d3 trinh bay ¢ phan trén. Viéc thay d6i dién 4p va dong
dién 1 can thiét trén cac mach nap. Theo dic tinh cua pin Lithium-ion, dé nap cho pin ddy 100%, qua
trinh nap phai trai qua 2 giai doan. Giai doan 1 14 nap v6i dong khong d6i va giai doan 2 1a nap véi dién
ap khong do6i. Trong giai doan nap véi dong khong ddi, dong dién nap dwoc duy tri 6n dinh bang cach
thay d6i dién ap dau ra cua bd chuyén d6i DC/DC. Cu thé, khi dung lwong pin dang con it, dong nap
ban dau c6 xu hudng tang cao, dé han ché dong nap, dién ap diu ra cia bd chuyén d6i DC/DC duoc ha
thap xudng. Khi pin dan duoc nap ddy, dién 4p déu ra ctia bd chuyén doi DC/DC dugc ting 1én dé duy
tri dong nap, gitip nhanh chéng nap dy bo pin. Dong nap cuc dai phu thudc vao dic tinh cua b pin,
kha nang st dung cac phuong an tan nhiét cho bg pin dang nap.

DC/DC Converter

Vges(t) +

Vo(t)

Controller

Voltage Feedback

Hinh 3. So d6 khéi ciia OBC

Qua4 trinh nap v&i dién ap khong ddi s& duoc thuc hién sau d6. Muyc dich 1a dé nap day 100% bo pin
ma khong gay ra qua ap ddi véi bo pin. Thong thuong, mot b pin s€ c6 mot gia tri dién ap cuc dai. Qua
trinh nap voi dong khong d6i nham dat duoc dién ap cuc dai nay. Bo diéu khién s& xuét tin hiéu PWM
v6i d6 rong xung thay d6i dé thay doi dong nap va thay d6i dién 4 ap. Pé thyc hién dugc viéc nay, bo didu
khién s& thu nhén tin hiéu tir bo phan hoi dién p va so sanh véi dién d4p mong mudn. Bo diéu khién
duoc lap trinh dé thuc hién chic nang nhu so dd khéi trong Hinh 3.

Pé thuc hién dugce cac chuc nang mo ta ¢ trén, mot so dd mach dién nguyén ly cia OBC dugc trinh
bay nhu Hinh 4. Cau triic ciia mach OBC thiét ké gdm 3 phan chinh: Vi diéu khién, mach dan dong va
mach cong suat. Vi diéu khién co chirc ning giam sat va diéu khién chung, cam nhan dién ap hoi tiép &
cudn thir cip va didu khién mach dan dong. Mach dan dong bao gbm IC 14i, va cac mach cach 1i dién 4 ap
thap va dién 40 cao. Mach cong suat bao gobm MOSFET, bién 4p va mach chinh luu dién ap xoay chiéu
thanh 1 chiéu.
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Trong mach nguyén 1y nay, vi diéu khién STM32 duoc dung dé diéu khién xuat tin hiéu PWM cho
bién 4p xung. Tan s6 PWM la 100kHz. Dién ap dau vao sau chinh luu 1a 310VDC. Dién ap dau ra sau
bién 4p xung 1a 310VDC. Dién ap nay dugc cho qua mach héi tiép dén vi didu khién nham diéu chinh
d6 rong xung, két qua 1a duy tri dién ap 310VDC & mach thir cAp bién ap xung. Ty s6 vong day quan
cudn so ca?ip va cudn thir cép lal.

220v L1

LYY\
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c9 Cc10
100nF 100nF

T A T ~

YYYN\

4] # BAT”
DIODE .
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— O N
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BRIDGE
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Hinh 4. So @6 mach dién nguyén 1y ciia OBC

Nham cach ly phan dién 4o cao v6i dién ap thap, 2 opto dugc sir dung. Opto HPL2631 nhim cach ly
tin hiéu PWM tir vi diéu khién dén mach cao ap. Opto PC817 nham cach ly tin hiéu hdi tiép dién ap cao
ctia dau ra bo chuyén d6i DC/DC vé vi diéu khién.

So dd téng thé mach nap pin véi cac bo phan dién tir dugc moé ta nhu Hinh 5. Trong do, b pin cao
ap dugc st dung gdm 60 cells Lithium-ion ndm bén phai. Bén trai 1a mach diéu khién va b chuyén dbi
DC/DC c¢6 nguyén ly nhu mé ta & trén. Ngoai ra trong hinh nay, mot sb thiét bj do kiém dugc dung dé
phuc vu qua trinh thir nghiém nhu cac dong hd do dién ap, dong dién, cong suat.

Hinh 5. So d6 b6 tri thir nghiém ciia OBC ¢6 gin b pin dién dp cao
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3. Két qua hoat dgng ciia md hinh OBC

Khi cip dién cho vi diéu khién va cac mach lién quan, mot tin hiéu PWM s& dugc cdp dén MOSFET
loai 20N60 & chan G. Trudc hét, dién ap chinh luu 310VDC tir ludi dién chua duoc cip vao cudn so
cap. PWM co d6 rong xung khoang 20% va tan s6 1a 100kHz. Tin hiéu nay do duoc trén chan G cua
MOSFET nhu Hinh 6(a).

Tek PreVu
¥ UsB drive Inserted.

1

A

“’F

Lt Lpormmam e W,,r SR | OO R

g byt

W 111141 X 10.0ps 12.5MS/s R / -625mV 111213

=7-2.40000us 2000 points  <10Hz 15Aug 2023

(b)

15 Aug 2023

Hinh 6. Xung PWM & chdn G ciia MOSFET

Sau d6, dién chinh luu duoc cép Vao cudn so cép. bién ap cam tng dugc tao ra trén cudn thir cép.
Dién ap nay duoc diode chinh luu thanh dong dién 1 chiéu. Khi tai dién chua dugc ndi vao dau ra cudn
thir cdp, dién ap trong cudn thir cap bién ap xung ting cao. Nhd mach hdi tiép, vi diéu khién bo xung
kich cho MOSFET, lam giam va duy tri dién ap. Tin hi¢u xung do dugc ¢ chén G cua MOSFET ¢6 dang
nhu Hinh 6(b). Gia tri dién ap dau ra cudn thir cap bién ap xung phu thudc vao gia tri dién trd cdu phan

ap Rs va Rs. Bién ap danh thiing diode Zener dugc chon trude. Trong mach dién nay, diode Zener la loai
10V.

Tiép tuc, tai dién duoc gén ¢ dau ra clia bién ap xung sau chinh lru. Trong truong hop nay, téi 1a bd
pin 60 cells loai Lithium-ion 18650. Theo ly thuyét, bd pin nay c6 dién ap t6i da 1a 252V. Dién 4p trén
cudn thir cap dugc kéo xuong do dién ap trong bd pin thap. Vi dicu khién khong ngat xung nhu Hinh
7(b).

10.0ps

500V 12.5MS/s /-625mV 11:24:03
2000 points ~ <10Hz 15Aug 2023

(b)

=+, 40000

Hinh 7. (a) Xung PWM & chdn G ciia MOSFET bién dp xung hoat déng co tdi.
(b) Dién ap do ¢ chan K cua diode Zenner

Trong truong hop khong tai, dién ap do & chan K cua diode Zener, cau dudi ciia cau phan ap 200kQ
va 10kQ, c6 dang nhu Hinh 7(b). Dién 4p tang Ién trén 10V sau d6 giam xubng gan 0V. Su dao dong
nay duoc tao ra do bo diéu khién ngat xung ¢ chén G cia MOSFET, su két hop gitra tu C13, dién tré
cau phén ap va cac tai nho trén cac dong ho do. Dao dong nay s& bi triét tiéu khi gan tai 1a bo pin cao ap
Vao.

Trong truong hop khong tai, dién 4p do & chan G cia MOSFET hi tiép Q2 c6 dang nhu Hinh 8(a).
Dién ap tang lén trén 2V sau d6 giam xudng OV.
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(@) (b)
Hinh 8. Pién dp do ¢ chan G ciia MOSFET hoi tiép va & chan Aq ciia vi diéu khién

Thong qua opto cach ly, dién 4p do & chan Ay, hoi tiép cho vi diu khién khi khong tai co dang nhu
Hjnh 8(b) Dang dién ap dén vi dicu khién c6 dang twong ty nhu tin hiéu kich vao chan G cia MOSFET
hoi tiép.

Dién 4p do ¢ dau ra khi chua gan tai co dang nhu Hinh 9(a). Tuy chua gin tai 1a bo pin cao ap nhung
nang luong tao ra ¢ cudn thir cap dugc tiéu thu boi cac thiét bi dong hd do va cau phan ap nén co gia tri
nhap nho. Tu dién c6 gia tri chua du l6n dé loc duoc céac xung co tan sd cao do dién 4 ap gian doan trén
cudn thir cap.

100V 10.0ps 12.5MS/s / 0.00v 11:32:57
=71.92000ps  2000points  <10Hz 15Aug 2023

100V 10.0ps 125MS/s / 000V 11:32:36
=7 1.920000s 2000 points  <10Hz 15 Aug 2023

@ (b)

Hinh 9. Pién dp do o dau ra cudn thir cdp da duwoc chinh luu

Khi gin bo pin cao ap vao cudn thir cép, dién ap do dugce c6 dang nhu Hinh 9(b). B pin c6 tic dung
giong nhu tu dién da hap thu va lam phang dién ap dau ra cudn thir cap. Thir nghiém cho thay, dong
dién nap khoang 1.2A. B¢ pin dugc nap lién tuc thong qua OBC.

4. Két luan

Mach dién thiét ké dwa trén m6 hinh trung binh khong gian trang thai da thé hién dwoc su thdng nhat
gitta m6 hinh ly thuyét va mé hinh thyc nghiém. Str dung phuong phap trung binh khong gian trang thai
da giup cho viéc m6 hinh hoa by OBC dugc de dang. M6 hinh bd bién doi DC-DC ¢ trén dugc két noi
thanh cong trong so do dicu khién kin c6 hoi tiep dién ap.

Két qua thir nghiém trén mach nap thuc té da cho thiy bo OBC thiét ké co thé nap dugc cho bd pin
cao ap trén xe dién. Dién ap tao ra bd OBC dugc duy tri ¢ gia tri 310V & ché d6 khong tai. O ché d6 co
tai, dong dién nap dugc duy tri lién tuc.

Loi cdm on

Nhom téc gia guri 161 cam on dén Truong Dai hoc Su pham K§ thuat TP. HCM da hd tro kinh phi dé
thuc hién de tai c6 ma so T2023-159. N6i dung bai bao nay 1a mot phan cua dé tai nghién ctru trén.

Xung dot lgi ich

Céc tac gia tuyén bd khong c6 xung dot loi ich trong bai bao nay.

JTE, Volume 20, Issue 02(V), 05/2025 96


mailto:jte@hcmute.edu.vn

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Dai hoc Su pham K thuat Thanh phd H6 Chi Minh

HCMUTE Website: https:/jte.edu.vn
ISSN: 1859-1272 Email: jte@hcmute.edu.vn

[1]
[2]
[3]
[4]
[5]
[6]
[71

(8]

(9]
[10]

[11]

TAI LIEU THAM KHAO

J. A. Sanguesa, V. T. Sanz , P. Garrido, F. J. Martinez, and J. M. M. Barja, “A Review on Electric Vehicles: Technologies and
Challenges,” J. Smart Cities, vol. 4, no. 1, p. 372-404, 2021, doi: 10.3390/smartcities4010022.

B. Lee, J. Kim, S. Kim, and J. Lee, “A PWM SRT DC/DC Converter for 6.6-kW EV Onboard Charger,” IEEE Trans. Ind. Electron.,
vol. 63, no. 2, p. 894 — 902, 2016, doi: 10.1109/TIE.2015.2480384.

A. Khaligh and M. D'Antonio, “Global Trends in High-Power On-Board Chargers for Electric Vehicles,” IEEE Trans. Veh. Technol.,
vol. 68, no. 4, pp. 3306-3324, 2019, doi: 10.1109/TVT.2019.2897050.

L. Solero, “Nonconventional on-board charger for electric vehicle propulsion batteries,” IEEE Trans. Veh. Technol, vol. 50, no. 1, pp.
144-149, Jan. 2001, doi: 10.1109/25.917904.

A. Tausif, H. Jung, and S. Choi, “Single-Stage Isolated Electrolytic Capacitor-Less,” CPSS Trans. Power Electron. Appl., vol. 4, no. 1,
pp. 30-39, 2019, doi: 10.24295/CPSSTPEA.2019.00004.

M. Sucu, “Parametric average value modeling of flyback converters in CCM and DCM including parasitics and snubbers,” Master thesis,
Dept. of Electrical and Computer Engineering, University of British Columbia, 2011.

J. Mahdavi, A. Emadi, and H.A. Toliyat, “Application of State Space Averaging Method to Sliding Mode Control of PWM DC-DC
Converters,” in Proc. IEEE Industry Applications Society Annual Meeting, New Orleans, Louisiana, October 5-9, 1997, doi:
10.1109/1AS.1997.628957.

A. Murthy and M. Badawy, “State Space Averaging Model of a Dual Stage Converter in Discontinuous Conduction Mode,” in Proc.
IEEE 18th Workshop on Control and Modeling for Power Electronics (COMPEL), Stanford, CA, USA, 2017, doi:
10.1109/COMPEL.2017.8013367.

T. H. Chen, W. L. Lin, and C. M. Liaw, “Dynamic modeling and controller design of flyback converter,” IEEE Trans. Aerosp. Electron.
Syst., vol. 35, no. 4, pp. 1230-1239, Oct. 1999, doi: 10.1109/7.805441.

A. S. Raj, A. M. Siddeshwar, K. P. Guruswamy, C. M. Maheshan, and S. C. Vijay, “Modelling of flyback converter using state space
averaging technique,” in Proc. 2015 IEEE International Conference on Electronics, Computing and Communication Technologies
(CONECCT), Bangalore, India, 2015, pp. 1-5, doi: 10.1109/CONECCT.2015.7383871.

C. Pesce, J. Riedemann, R. Pena, W. Jara, C. Maury, and R. Villalobos, “A Modified Step-Up DC-DC Flyback Converter with Active
Snubber for Improved Efficiency,” Energies, vol. 12, no. 1, p. 2066, 2019, doi:10.3390/en12112066

TOM TAT TIEU SU CUA CAC TAC GIA

Le Thanh Phuc received the B.E. degree in automotive engineering from Ho Chi Minh city University of Technology and
Education, Vietnam, in 2004 and the M.E. degree in automotive engineering from Ho Chi Minh city University of
Technology and Education, Vietnam, in 2007. He recieived PhD degree in mechanical engineering from Concordia
University in Montreal Canada in 2013. His research interest is on electric vehicles, vehicle dynamics, driver models and
engine control. His published paper is related to controlling of electric motorbikes, impaired driver model, PWM technique
applied on induction motor.

Email address: phuclt@hcmute.edu.vn. ORCID: "= https://orcid.org/0009-0004-0272-099X

Huynh Quoc Viet was born in Vietnam. He received the B.E. degree in automotive engineering in 2002 and the M.E.
degree in automotive engineering in 2005 from Ho Chi Minh city University of Technology and Education, Vietnam. He
is a teacher at faculty of vehicle and energy engineering at HCMUTE. His research interests include in engine technologies,
engine management systems, hybrid and electric vehicles. He has published ralated to controlling of hybrid electric vehicle,
extended electric vehicle and engine model simulation.

Email address: viethg@hcmute.edu.vn. ORCID: "= https://orcid.org/0009-0009-4958-4039

JTE, Volume 20, Issue 02(V), 05/2025 97


mailto:jte@hcmute.edu.vn
mailto:phuclt@hcmute.edu.vn
https://orcid.org/0009-0004-0272-099X
mailto:viethq@hcmute.edu.vn
https://orcid.org/0009-0009-4958-4039
https://orcid.org/0009-0004-0272-099X
https://orcid.org/0009-0009-4958-4039

