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Abstract

Current-Fed Dual Active Bridge (CFDAB) is an isolated DC/DC converter with bidirectional power flow, which has been
widely used in the energy storage systems recently. The two main losses of the converter are switching losses of the power
switches and transformers losses. This paper proposes a method to improve the efficiency of the CFDAB converter by employ-
ing new SiC MOSFET technology instead of the traditional Si MOSFET, in combination with zero voltage switching technique.
In addition, Litz wire is also adopted to reduce the losses on the high frequency isolation transformer. The feasibility and
effectiveness of the proposed solution is verified by both numerical simulations and experiments with a prototype 2.5kW con-

verter.
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Symbols

Symbols Units Description

JE ° Goc truyén nang luong

D/ ° Goéc hiéu chinh

Ipias A Dong ZVS cho van phia

thtr cap

Abbreviations

CFDAB Current- fed Dual active bridge

VFDAB Voltage- fed Dual active bridge

ZVS Zero voltage switching

PPS PWM plus phase shifted

DPDPS Dual PWM plus double phase shifted
Toém tit

Bo bién d6i DC/DC cach ly cau tric Current-Fed Dual Active
Bridge (CF-DAB) 1a b bién ddi c6 kha nang trao ddi ning
luong theo ca hai chiu, duoc sir dung phd bién trong cac hé
théng luu trit nang lugng. Tén that chinh cta bo bién ddi khi
hoat dong ¢ tan s6 cao bao gdm ton thét dong cit trén van va
t6n that trén bién ap xung. Bai bao dé xuat phuong an cai thién
hiéu suit bo bién ddi dya trén co s& chuyen mach mém két
hop véi viée sir dung cong nghé van ban dan SiC thay cho van
Si thong thuong. Bén canh do, cong nghé day Litz dugc ap
dung dé giam ton that trén bién 4p. M6 hinh mo phong va hé

thong thyc nghiém cong suét dén 2.5kW cho bo CFDAB duoc
thuc hién dé klem ching phuong phap dé xuat, kha ning
chuyén mach mém ciing nhu céc vu diém van SiC.

1. Introduction

Ngay nay, van dé dy trit va trao ddi nang lugng dang ngay
cang dugc quan tam nham nang cao hi¢u qua st dung cua cac
hé thong nang luong tai tao. Trong cac hé thong du trir nang
luong, dé két ndi 4c- quy & mirc dién ap thap véi duong bus
DC & muc dién ap cao, cac bd bién déi DC/DC duoc st dung
v6i yéu clu vé hé s6 khuéch dai dién 4p cao va kha ning trao
d6i nang luong hai chidu. Cac bo bién d6i DC/DC duoc chia
thanh hai loai: c6 cach ly va khong cach ly. Trong d6, by DC/
DC céch ly dugc uu tién su dung bdi do tin cay cao nho kha
ning giam dugc dong dién ro trong hé thong, do dong ro 1a
nguyén nhan giy ra nhimg hién twong bat loi nhu nhiu dién
tr (EMI), t6n that phu va mat an toan khi 12“th dat va van hanh
[1]. Bén canh d6, dai khuéch dai dién ap ctia bo bién ddi dugc
mé rong khi sir dung bién ap cach ly.

Trong nhitng ndm gan day, Dual active bridge (DAB) 1a bo
bién d6i DC DC cach ly duge st dung phd bién nho cac uu
diém ndi bat nhu kha nang cach ly khi hoat dong & tan sb cao,
dic tinh chuyén mach mém va dan nang lugng hai chiéu [2]-
[5]. Céu tric mach lyc bd DAB c6 thé thay dbi linh hoat dé
tich hop cac ngudn ning luong [6], [7]. BO bién déi DAB
dugc chia thanh hai loai la nguén 4p (VFDAB) va nguon dong
(CFDAB) Dbi vai cac bd VFDAB, ngudn ap duge cap truc
tiép cho mach Iyc, do d6 dap mach dong dién vao 16n, dan dén
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kich thuge linh kién l6n, chi phi cao, giam tu01 tho cua hé
thong [8]. Ngoai ra, bd VFDAB cén str dung tu ndi tiép véi so
cép bién ap nham tranh hién tugng bio hoa tir thong trén bién
ip [9]. o .

bé khac phyc cac van dé trén, nhom tac gia d¢ xuat mot loat
cac giai phap cong ngh¢ nham ti wu hidu suit bo bién doi st
dung trong hé thong luu trir va trao d6i ning luong img dung
trong céc hé thong nang luong tai tao. Thu nhét, bo bién d6i
DC/DC cach ly véi cau trac CFDAB [10] dugc sir dung, trong
d6 mach interleaved boost phia so cép gitp giam d6 dép mach
dong dién, mang lai kha nang chuyén mach mem ZVS gop
phan giam t6n that chuyen mach, dic biétla & tan s6 cao [11].
Thur hai, cong nghé van SiC mosfet va day quan Litz duoc lua
chon dé giam ton that trén van ban dan va bién 4p trong moi
dai tin s6 lam viéc. Dy quan Litz gan ddy da tro thanh mot
vt lidu tiém nang trong linh vyuc dién tir cong suét, cho phép
cudn cam va bién ap hoat dong & dong cao véi dién try thip
[12], ton that rit nho roi trén cudn day co thé dat duoc & tan
s0 hoat dong tir hang chuc dén hang tram kHz [13]. Day litz

cling gitip giam thiéu hiéu tng bé mit va ti thiéu ton that gay
. £

11 6B

Interleave boost

ra boi dong dién xody [14], gidm nhiét d6 hoat dong cua hé
thong, tir 46 don gian hoa trong viéc thiét ké tan nhiét. Cong
nghé van SiC c6 nhitng wu diém ndi bat so voi van Si thong
thuong: hoat ddng & muc di¢n ap cao hon vdi kha nang chiu
nhiét 16n hon, dién trd van dan nho hon, dién tich mé céng
nho hon dan dén thoi gian dong md van nho hon, tir d6 giam
t6n hao do dong cat van va c6 kha nang lam viéc 6 tan sb cao
hon [15]-[17]. Nhu vy, ton thit tong thé ctia van SiC duoc
giam déng ké so véi van Si thuong.

Dé kiém chimg tinh hiéu qua cua giai phap dé xuét, hé thong
thuc nghiém véi cong sult 2.5kW duogc xay dung. Cac Két qua
dat dugc cho thiy hé théng da van hanh dung véi phan tich ly
thuyét, tit ca cac van déu co kha ning chuyén mach ZVS va
hi¢u suét bo bién dbi 1én dén 96.4%.

2. Nguyén ly hoat dong

2.1. CAu tric mach lye

R ﬁ'ﬁ
i ZREPY
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Dual active brigde
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Current- fed Dual active brigde

H.1

CAu trac mach lyc bd CF-DAB duoc bidu dién ¢ hinh H.1,
bao gém 2 phn 13 phin interleaved boost va phan dual active
bridge. O phan interleaved boost, ning lwrong déu vao qua hai
cuon cam DC 1a L; va L, duogc coi nhu hai nguén dong. Cudn
cam L; két hop véi cap van Qi, Qia tao thanh mach boost thir
nhét, cudn cam L, két hop véi cap van Q», Q2a tao thanh mach
boost thir hai, hai mach boost dugc chuyén mach léch pha 180
do6 va dién ap boost V. duge gilr boi tu kep Ce.

Phan Dual active bridge gdm 2 module cau H ¢ 2 phia so cap
va thu cap ctia bién ap xung cach ly. Nang luong c6 thé truyén
theo 2 chiéu va duoc tinh toan tir cac goc dich pha. Quy wéc
dién ap trén tu kep 1a Low-Voltage Side (LVS), con dién ap
phia dau ra duoc goi 1a High- Voltage Side (HVS). Ti s6 bién
ap duogc chon béng 1:n.

2.2. Piéu kién chuyén mach mém ZVS

Cac bo DC/ DC thuong hoat dong tan sb dong cét 16n, do do
t6n hao khi dong cit cac van can dugce xem xét. Bo bién (1‘01
CFDAB phai dugc thiét ké sao cho cac van & ca 2 phia so cip
va thuo cép dat duoc chuyén mach mém ZVS. Cu thé, & mdi
thoi diém mé van, can ¢6 1 dong izvs dii 16m x4 tu ki sinh cua
van trong thoi gian deadtime lya chon.

Chon chiéu duong dong iz cting chiéu ize;. Bang B.1 dua ra
diéu kién chuyén mach ZVS ddi véi mdi van ciia bo bién doi.

Céu triic mach e bé bién doi CFDAB

Céc diéu kién nay s& dugc phan tich theo tirng nhom van & 2
phia bién ap.

B.1 Bang dicu kién chuyén mach ZVS
Van Piéu kién ZVS
Qla max irdel — ir > izvs
Q1 i — Min ipger > izvs
Q2a max ipde2 T iLr > izvs
Q2 max irge2 + inr < - izvs
Si iLr > izvs
S, ir < - izvs
S; ir < - izvs
S4 iLr > izvs
2.3. Dieu kién ZVS van phia so cap
b G g 9, 9,
54 S] 52 53
Vab : Ved
TR L I
—— i
2 P
i N
/l (/ ()

o, 0, 0, 0 0,

o

Dang dong dién phia so cdp ché @6 boost
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O thoi diém chuyén mach cua cac van phia so cip, dong qua
mot trong hai cudn cam DC s€ thay ddi ché d0 nap hodac xa,
tuong tng nhan gia tri nho nhét hoic 16n nhat.

V6i hai van nhanh trén so cip Q1. va Qaa, ZVS cb the dé dang
dat dugc, va hai van ndy lun chuyén mach mém néu hai van
duéi chuyén mach mém [11].

Tuy nhién diéu kién dat chuyén mach mém véi hai van dudi
phu thudc vao nhiéu yéu t5. D& dang nhan thiy néu dap mach
dong dién trén cam DC cang 16n thi hai van nay cang dé dat
ZVS nhu ¢ bang B.1.

Coi bién d 1a ti 1¢ dién ap phia LVS va phia HVS, bién m la ti
1€ gitra dién cam DC va di¢n cam do L, Theo hinh H.3, d va
m cang nho thi phia so cap cang dé dat ZVS. Tuy nhién, phia
thir cdp s& kho dat dwoc ZVS hon néu d < 1. Dong thoi, d =1
cling lam gidam dong di¢n dinh peak trén cam ro, tr 46 lam
giam ton that khi chuyén mach:

1 [d/ £t (1= d)D'p] )

Lr peak
,,

Trong do j , 1a goc truyén ning lugng giita 2 cdu, D 1a hé sb

diéu ché cho nhanh van duéi so cap, D' = min(D,1- D)

H.3

DPuong bién ZVS cho van Qiva Q:[11]

Nl}u Vély, dé dat duoc chuyén mach mém phia so cép, hé )
di€u ché D dugc lya chon 16n hon 0.5 va ti 1€ dién &p d chon

bang 1. Ti Ié dién cam m bang 5 dé do dap mach dong dién
trén cam DC du 16n.

2.4. Piéu kién ZVS van phia thir cip

Haivan S, va Sy dé dang chuyen mach ZVS v6i dang dong iy,
nhu hinh H. 2. O cac thoi diém chuyén mach céc van tht cip,
khi dién ap Vi, va V.4 bang 0, khong c6 trao d6i ning luong
giita hai phia cua bién ap. Dé c6 dugc dong iy xa tu ki sinh

cho van S; va S; trong truong hop nay, goc dich pha D/ can
hiéu chinh.

DOng ipigs can chon di 16n dé xa dién ap trén ty ki sinh vé 0
trong thoi gian deadtime, tuy nhién néu dong ipias qua lon s&
tang ton that Vl day la giai doan khong truyén ning lugng. Do
d6 goc D can duoc lua chon phu hop.

S. S1

+ V I* ;tpA'Z
p bias H

* §<- .=

i
i
:q_t it
i

f t 4

H.4  Dong iias khi chuyén mach van S1

Thoi gian deadtime chon can du 16n dé tranh hién twong tring
dan cling nhu du thoi gian dé dong ipias Xa hét dién ap trén ty
ki sinh giup van chuyen mach mém. Tuy nhién néu deadtime
qué 16n sé& ting ton hao truyén dan ciing nhu gay hién twong
nap nguogc cho tu ki sinh.

Theo [8], thoi gian deadtime va gdc hiéu chinh dugc lua chon
nhu sau:

[ i 2

DY (Lrlﬂ);_p

; Voo s

: . 2
. N,Li,,

:tr J tdz J tr t——

: 1" ¢

Trong do ¢, 1a thoi gian cdng huong gitra cam ro va tu ki sinh
cua van, iz, la dong qua cam tir hda bién ap.

2.5. Phwong phap phat xung
Tir cac phan tich 1y thuyét vé ZVS ¢ muc 3.1, phuong phap

phét xung duoc lya chon dé thuc hién cho bo CF- DAB
v,

Xung ring cwa ¥, T "!= Q’ﬂ
IV [P 2
| |Goc dich pha
| ¢ =180 V.,
I .I > Q]a
D | " 9
Goc dich pha ,
> Agp " S
I: P = Pe S s :
1
— Vv,
Goc dich pha i i S
0, =(2D-1)x180°~ Ag| | _|>’—_S
4

o3

H.5 Duong bién ZVS cho van Q1va Q2
V& phia so cip, hé sb didu ché cho 2 van nhanh duoi bé“mg
0.64, gbc dich pha gitta 2 nhanh van dugc c6 dinh bang 180
do.
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Dé tranh dién ap dau ra dao dong, hé sé diéu ché phia thir cip
duoc chon ¢b dinh bing 0.5 theo phwong phap DPS. Tuy
nhién nhugc diém 16n cua phuong phap PPS 1a dong dién dinh
trén cam ro 16n. Dé khic phuc van dé trén, phuong phép
DPDPS dugc sir dung bang cach thém goc dich pha giita 2
van phia thir cap S; va S [8].

Hinh H. 6 biéu dién thu tu chuyén mach céc van va dang dién
4p, dong dién trong 1 chu ki chuyén mach véi ché d6 hoat
dong dugc lya chon.

A
Ql Qla Ql ol
oh 9 % % o
5, 5, 5, S
.S) S 4 32 ot
- 2D,
v [as
ab gD :
TET
e
v ot
cd
P52
e Sini doa
A P i Hoar §
i T \ ar—
Lr yl Giai doan truyéni | | ol
> ning lughg >
0 T 2
00 01 6293 949596 07 68 99

H.6 Do thi dic tinh hé thong
Quy udc/ ;1a goc truyén ning luong giira 2 cau. Khi / g2 0
, néng luong truyén tir LVS sang HVS, bé bién ddi hoat Ei(f)ng
6 che do boost. Ngugc lai, v6i / < 0 , ndng luong truyén tir
HVS sang LVS va bo bién ddi hoat dong & ché do buck. Do

16n cong sudt truyén qua bo bién ddi dugc tinh toan bang:
2

Pé kiém tra kha niang chuyén mach mém cua cac van bén so
cAp va thir cdp, md phong trén phin mém LTspice dugc tién
hanh. B6 CFDAB chay vong ho véi tai dau ra thuan tré cong
suat 2500W & ché d6 boost. Cac thong sé mé phong duge cho
boi bang B.2

B.2 Thong s mé phong bo CFDAB

Thoéng s6 Kihiéu | Gia tri

Cong suét dinh P 2500W

bién 4p vao Vin 144 VDC

Dién ap ddu ra Vout 400 VDC

Tu loc dau vao Cin 220uF

Cudn cam DC L, Ly 220uH

Dién cam ro tong so cap L. 34uH

Dién cam tir hoa so cip Lm ImH

Ti s6 bién ap n 1:1

Tan sb dong cat s 50kHz

Tu kep Ce S50uF

Tai thudn tro R 64Q
Pién &p md van Vs 15V

Van | Rising time tr 100ns

SiC Falling time te 70 ns
Deadtime ta 400ns

Két qua mo phong & ché dd boost cong sudt 2500W cho thiy
tat ca cac van phia so cap déu chuyén mach mém khi chon gia
tri dién cam DC bang 220uH (m =5) Céc van phia thtr cap dat
ZVS v6i goc hiéu chinh D/ = 2.5—.0 ché do6 buck, twong tu
cac van cling dat dugc ZVS.

V . / . P .
P=——dj,(2D" - J—E) (3)  3.2.So sanh van SiC va van Si
L, 2p
Mo phong kiém ching vu diém cia van SiC MOSFET trén
3. Mo phéng chuyén mach phan mém LTspice dugc tién hanh véi van SiC
: C3MO0065090D va van Si SPATIN60C3 véi thong s6 ¢ bang
P A AL B.3. Téan sb dong cit hon bang 50kHz
3.1. Chuyén mach mém trén cac van 3 50 dong cat dugc chon bang 50
Vds_Qi, Vgs_Q;,*10 Vds_Q,, Vgs_Q,,*10 Vds_S; Vgs_S,*10 Vds_S, Vgs_S,*10
400V- = Vs 400V ~ LIVS | 400w NPTALS 400V- T A
250V 250V 250V 250V
100v+ 100V 100V 100v+
1‘:‘;595“\5 |D,ﬂ7l10ms 10,07‘25ms 10.07'40!“5 1‘0.‘1’553"!5 10.15‘Mms 10.15‘05ms 10.16‘26ms :0.(:051ms |0.00I72ms 10.00‘93ms |D.01I|4ms 110.‘1’555ms 10.15I85ms 10.16'05!“5 10.1625ms
a)Van Qy, ¢)Van Q, e)Vans,; g)Vans,
Vds_Q, Vgs_Q,*10 Vds_Q, Vgs_Q,*10 Vds_S; Vgs_S;*10 Vds_S, Vgs_S,*10
400V ™ - VS 400V- 400V- ™ Vs

VS

250V 250V

100V 100V

250V

100V

AN o Vs

250V

100V

T T T S50V- T T T
92ms 10.0410ms 10.0428ms 10.0446ms 10.0080ms 10.0092ms 10.0104ms 10.0116ms

b) Van Q;

10.03:

d)VanQ,

7

T T T
3ms  6.9300ms 6.9327ms  6.9354ms

h)Van$,

T T T
8ms 7.1792ms  7.1816ms  7.1840ms 6.92

f)Van$;

H.7 M6 phong chuyén mach mém cho bé CFDAB ché dj boost



B.3 Thong s van SiC va van Si

Bén canh do, dién 4p md phéng Vy, khi dan cia van Si 16n hon

Sic S nhiéu so vi van SiC do dién trd dan Ry cua van Si 1on gip
ong sb khoang 4 1an van SiC. Diéu nay din dén ton hao truyén dan
Thong 50 C3M0065090D | SPA1IN60C3 LOAng T . Y 4
: 160 hon trén van Si.
bién tich Qg | 30.4nC 45nC Véi gia thiét ton tai cing mot gia tri cam do ki sinh trén cuc
Ry 65m Q 340m Q D.Akhl, thiet ke. ma§h drlver., l’<et qua mo Phong cho thay gai
dién ap V4 khi khoa van Si 16n hon so vai van SiC. Nguyén
Vds_max 900V 650V nhén do tu ki sinh gitta cwc D va S ctia van Si 16n hon, tu Cy
cong huong véi cam ki sinh gia thiét, gay ra gai va dao dong
Vs on 15V 15V e . - . O .
= dién ap Vds cta van Si l6n hon so véi van SiC.
Tro gate Ron | 10Q 10Q Hidu suét b CFDAB ——siC
Tré gate Rosr | 5Q 5Q 1 =
Cam ki sinh | 0005 100nH 0.99
Ltray \\\
; A . 2 , ) . & 098
Theo hinh H. 8, do dién tich mo cong gate Q, cua van SiC nho 3
hon van Si, nén véi cung dién ap md cong Vs on va dién tro = 097
dong/mo cuc G, thoi gian dong va mo cuc gate van SiC nhanh 5%' i K\ﬁ_____,_ﬂ
hon van Si. Vi vdy, ton that nang luong trong thoi gian van '
khong dan cuia van SiC s€ nho hon so véi van Si thong thudng. 0.95
V(gs_sic) V(gs_si)
16V
0.94
13V 1043 1781 2561 3062
v+ AR T ,
2\ ‘/ Cong suat (W)
4V _)/ H.9  So sanh hiéu sudt mé phéng van SiC va van Si
VA Hiéu sudt bo bién d6i CFDAB dugc so sanh giira 2 loai van
2V Vids_sic Vids_si) v6i kich ban m6 phong: ¢6 dinh dién ap dau vao va thay doi
600V = — dai cong suat ra tai tr 1IkW dén 3kW. Theo do, hiéu suat mo
480V 4l E . J ! phong bd CFDAB khi str dung van SiC MOSFET cao hon so
et y o "h |\ H_ \9/(9)(1)/ van Si thong thuong, véi hiéu suat cao nhat t6i xap xi
o o.
240V M
120V Vw . . mms 5|,Sops 54.1‘0;45 51, us"'
PV N S —— o=
Lot I | | | j | | | | |
A0ps 4ps 42us 43ps 44ps 45ps 46ps 47us 48us 49us 50ps 5S1ps 52us
H.8 Ddc tinh chuyéh mach van SiC va van S

Oscilloscope do dong Oscilloscope do dién ap|
i cac van ban dan

Tai thuan tré&

H. 10 H¢ thong thuc nghiém bg CFDAB

Received: 20 May 2020; Accepted: 10 June 2020; Published: 01 October 2020.



4. Hé théng thuc nghiém

Dé kiém tra co so 1y thuyét chuyén mach mém ciing nhu
nguyén 1y hoat dong ciia bo bién ddi, hé théng thuc nghiém
duogc xay dyng cho b CFDAB véi thong s6 thuc nghiém cho
boi bang B.4. Hé thong hoat dong vong hd ¢ ché do boost va
buck v6i dai cong suat thay dbi, cong sudt dinh dat 2500W,
dién ap ddu ra 400V. Goc truyén nang luong J/  duoc tinh
to4n tir phuong trinh (3) tng véi mdi dai cong sudt va lwa chon
goc higu chinh D / = 10—, thoi gian deadtime cho van bang
400ns véi van SiC va 600ns v6i van Si dé dii thoi gian xa tu
giup van dat ZVS.

B.4 Thong sb thuc nghiém bo CFDAB

Phan tir Thong sd

Mosfet 2 cau | C3M0065090D, 900V, 36A,

Ql:QZa, Si- S4 Rgs on= 65mQ ]

Bién ap xung | Loi ferrite EESS, ti 1€ bien ap 1: 1,

T Phia so cip: s6 vong day N, =29,
dién cam tir hdéa L, =1 mH, dién
cam ro bién ap Ly = 13 pH

Cam phu L, Loi ferrit EC42,15 vong, Ls = 21
uH

Camro L, Li=Lg+Ls=34uH

Dién cam DC | 220 pH, 15A

Tu kep C Tu film 50 pF, 920VDC

Tu dau vao Ci, | 220 pF, 400V

Van SiC Mosfet C3M0065090D dugc dung cho 2 nhanh van
phia so cip va thtr cp bién ap. Bén canh do, hiéu suit bo bién
dbi cling dugc so sanh giita van SiC va van Si SPW47N60C3.
Dbi v6i bo CFDAB, dién cam ro tong phia so cép L, dugc coi
nhu phan tir truyén ning luong giita 2 phia bién ap [8]. Tuy
nhién, néu chon gia tri cam ro cua bién ap bang cam ro L, thi
t6n hao trén bién ap s& rt 16n. Do d6, cam ro bién ap chinh L
s& duoc thiét ké nho nhat co thé, phin con lai s& dugc bu boi
cudn cam 1o phu L;. Tén hao trén cam rd phu chi yéu 1a ton
hao trén day dan, nén khong dang ké vi gia tri dién tro trén
day dén rét nho. Dong thoi, day Litz dung dé quan b1en ap
chinh va cam r6 phu nhim giam ning cao hiéu suat. Do tin s6
dong cét cho bo bién dbi 1a 50kHz, duong kinh day Litz duoc
Iya chon bé'mg 0.lmm.

i 260ns T |

H
280ns T T
Vi

o'

1us/div

1us/div

\@ - 1us/div

1us/div

s sy |
| S ra—— = I —— | R L
a) Van Qy,
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H. 13 Chuyén mach mé(n cho bo CFDAﬁ thyc nghiém ¢ ché @b boost cong sudt 2500W

Ca 8 van ban din déu dat chuyén mach mém & cong suat
2500W nhu hinh H. 13. Céc van cang dé dat ZVS thi dong xa
tu ki sinh izys 16n, dan dén thoi gian dién ap vé 0 trude khi co
tin hi€u mé van s€ cang 16n.

Ung véi cong sudt 2500W, dién ap dau ra dat 400VDC khi
dién ap dau vao ¢ 140V, nho hon 144V. Sai léch nay do
deadtime anh huong dén duty D. Dang dién ap phia so cap
bién 4p tai D = 0.64 nhu hinh H.15. véi dién ap khi khoa bang
400V. O ché d6 boost, dong qua cam DC iz4; nhan gia tri
duong, nang lwong truyén tir LVS sang HVS.

Ngodi ra c6 thé thdy trong ché do boost, di vi cac van dé
dang dat ZVS hon ( 2 van Qj,va Oz, phia so cép va 2 van S»
va Syphia thir cap) dong x4 tu ki sinh cho céc van nay 16n hon
dan dén thoi gian dé dién ap trén van vé 0 trude thoi diém mo
van sém hon nhiéu so véi cac van khé dat ZVS. Tuy nhién,
dang xung GS & cac van nay s& xuat hién gai dién p am bai
hiéu ing miller nhung van & mirc cho phép. Khi nang cao dai
cong suét va dién ap cho bo bién dbi, can dic biét luu y thiét
ké driver dé giam thiéu cac gai dién 4p nay trong ngudng an
toan cua van.
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H.14 Dong ivi va irr ché dj boost
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H. 16 Dién ap ra tai che do boost
Khi mach hoat dong ché do buck, dong izs; 4m va dong i,
dbi xung nguoc so voi & ché d6 boost, nang lugng tmyen tr
HVS vé LVS. Dong dién do dugc khi thyc nghiém giong voi
Iy thuyét vé ca dang va do 1on. Hai van kho dat ZVS 1a 0 va
S; dugc kiém tra ¢ ché do nay.
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H. 18 Chuyén mach mém trén van Q> ché dg buck
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H. 19 Chuyén mach mém trén van Si ché dg buck
Hiéu suét bo bién ddi duge do & ca 2 chiéu boost va buck,
ddng thoi co sy so sanh gitra van SiC va van Si. Hiéu suit cao
nhét dat duoc xap xi 96.4%, hiéu suét ciia bd cao hon khi sir
dung van SiC.

«=huck_SiC
boost_SiC
0.98 buck_Si
#-boost_Si

099 Hiéu suét bd CF- DAB

Hiéu suat
o
2
o

-2455 -1667 -1235 -425 0 516 1081 1683 2176 2317

Cong suat (W)
H. 20 Hiéu sudt thuc nghiém bg CFDAB

5. Két ludn

Bai bao dd d& xudt mot sb giai phap k¥ thuat nhiam nang
cao hiéu sudt cua bo bién déi DC/DC cach ly sir dung trong
hé théng niang lugng tai tao. Bang cach lua chon cau tric
CFDAB vé6i kha nang chuyén mach mém ZVS ciing nhu ap
dung céac cong ngh¢ mai nhu van SiC va day quan Litz, hiéu
suat ctia by bién d6i da duoc cai thién dang ké. Cac giai phap
d& xuat dugc to chirc thuc hién mot cach bai ban va co hé
thong, tir phan tich 1y thuyét, mo phong véi phan mém
LTSpice cho dén kiém chimg bang thyc nghiém véi hé thng
¢6 cong sudt 2.5kW. Cac két qua thuc nghiém cho thiy hé
thdng dat duoc day du cac tinh nang k¥ thuat mong mudn nhu
chuyén mach mém ZVS theo ca hai chiéu cong suét (twong
mg v6i ché d6 boost va buck), hidu suit by bién ddi thuc té
dat dugc té1 96.4%, cai thién dang ké so vai cong nghé¢ van Si
thuong.

Nhom tac gia xin dwoc giri 10i cam on chan thanh dén Dé
tai cap Khoa hoc cap Nha nudc mi s KC.05.22/16-20 di tao
diéu kién cho chung toi thyc hién bai viét nay
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