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Thiét ké bo bién doi ngudn dién mét chiéu (DC-DC) hd tro
giang day va nghién ctru cac b bién doi dién nang
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Abstract: To meet the requirements of training practical engineers who can apply theory to practice,
many technical problems are included in the training program. Nowadays, DC (direct current) power
converters are widely used for electric vehicles, so it is necessary to include them in teaching. This article
proposes and presents the steps to design a DC-DC converter for electric vehicles to support lecturers and
students in teaching and researching power converters.
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1. bat vén dé

Toan cau hoa va cach mang cong nghiép 4.0 budc
cac doanh nghiép phai yéu cau nguon nhan lyc ngay
cang cao dé nang cao ning lyc canh tranh. Su phat
trién khong ngimg ciia khoa hoc k¥ thuét khién cho
qua trinh dao tao ¢ cac truong dai hoc gap nhiéu kho
khin vi ndi dung kién thirc kho theo kip. Do d6, cac
truong dai hoc k¥ thuét phai khong ngimng d6i moi
chuong trinh dé thich tmg véi su phat trién ciia cong
ngh¢. Chuong trinh dao tao pha1 xay du’ng theo huong
hé thong Iy thuyet cung cap nén tang kién thirc co ban
dé giai quyét bai toan thuc té. Giang vién duoc khuyén
khich cap nhat cac bai toan cong nghé trong qua trinh
day hoc.

Ngay nay, cing voi sy phét trién manh mé cua
nganh cong nghiép xe dién (6 t6 dién, xe may dién,
xe dap dién...) la sy phat tn'én khong thé thiéu cua hé
thong tram sac. Tram sac 12 yéu t6 then chot trong vi¢c
phd bién xe dién va canh tranh voi nguon nang luong
hoa thach cua xe xang dau truyén thong. Ngudn dién
hién nay ludn co cac yéu cau ki thuat di kém nhu: do
tin cay, do on dinh, kich thude nhé gon va dac biét la
hiéu suét cao va mat do cong suét 16n. Do dé cac bod
bién d6i ngudn dién mot chiéu DC-DC (DC- Direct
current- dién mot chiéu) dang tiép tuc duoc nghién
clru va cai tién. Tir dinh huéng giang day ky thuat
O truong dai hoc 1a xay dung ndi dung bai hoc theo
hudng dap tmg bai toan thuc t&. BO bién doi ngudn
dién mot chidu DC-DC dugc dua vao giang day do
cac ng dung rong rii. Trong cic ciu trac, bd cong
huéng LLC (gom 2 cudn cam L va ty dién C ndi tiép)
giam bot duge do dap mach ctia dong dién déu ra, hoat
dong 6n dinh ¢ tan so cao va glam ton that chuyen
mach nén tr& thanh céu triic phd bién trong thiét ké
b6 DC-DC. C6 nhiéu phan mém dé thiét ké, kiém

%

chung su lam viéc cua cac b DC-DC nhu Matlab,
LTSPICE. Bai bao trinh bay cac budc thiét ké va tinh
toan thong s6 mach cua bo LLC trén nén tang Matlab,
cung cép tai lidu cho giang day mon K§ thuat bién d6i
sinh vién nganh Pién.

2. Noi dung nghién ciru

2.1. Ly thuyét vé bo ngm;n cong huong [3]

B6 bién doi cong hudng tao nén tir cac cudn cam L
va tu dién C nhdm muc dich tao nén mach vong cong
hudng trong bo bién doi dé dong dién trong thanh
ph?ln cong huong c6 dang hinh sin. B bién dbi cong
hudng c¢6 cau triic bao gdm thanh phan cong huong
duoc tao nén tr cudn cam L va tu dién C. Cac bo bién
d6i cong huong gdm 3 phan chinh: So d6 van, mach
cong huong, chinh luu va tu loc DC.

a. Mach cong hung néi tiép

Cau trac bo bién dbi cong huong n01 t1ep (hinh
2.1) gdbm cuon cam Ls va ty dién Cs mac nbi tiép véi
nhau va ndi tiép véi tai. Khi thay doi tan s trong mach
cong huong, tré khang ctia mach thay ddi. Tai tan sb

m, trd khang Z = 0, hé
s0 truyén dién ap la 1. Khi thay d6i tan s6 chuyén
mach d0 16n cia Z = j2mfLs — j

cong huong fr =

: , %, no la m’()t
bd chia ap. Nén mach c6 hé so truyén dat 16n nhat tai

tan sO cong huong.

Hinh 2.1. So d6 mach cong hwéng néi tiép
Mach cong huéng ndi tiep SRC: Uu diém la dong
dién giam khi tai gidm nén ton hao dan trén van thap
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hon, ¢6 thé duy tri hoat dong & ché do dau ra ngan
mach. Tuy nhién khi mach hoat dong non tai tan sd
dong cét phai ting 1én cao.

b. Mach cong hudng song song

Ddi v6i mach cong huong song song nhu hinh 2.2,
cac khdi cong huong van mac ndi tiép. N6 du’orc goi
1a mach cong hudng song song vi tai duwoc mic song
song voi tu cong huong Cs.

Hinh 2.2. So' do mach cong huong song song

Mach cong hudng song song co thé diéu khién
dién 4p dAu ra khi khong tai bang cach cho mach hoat
ddng & trén tan sé cong huong. Hé s6 truyén dat dién
ap tai tin s cong huong phu thudc vao tai va c6 thé
tang 1én rat cao khi khong tai. Nhugc diém chinh cia
cdu trac nay 1a dong dién phia so cap khong phu thude
vao tai nén khi hoat dong non tai hi¢u suit s& giam.
2.2. Phén tich bé bién doi LLC [1,2,4]

B6 cong huong LLC c6 dic diém nhu song min,
hiéu sudt cao, mat do cong sudt 16n... Gan day, bo
bién d6i cong hudng cling vai thanh phan nghich luu
nira cdu dugc 4p dung rong rai vao ngudn ATX, may
tinh cong nghiép. .. Cau tric ciia bd bién d6i LLC van
1a cAu tric cong huong LC ndi tiép nhung co thém
thanh phan L_ trong khdi cong huong.

ToT, TaTs i TaTs

Hinh 2.4. Dong dién qua mach cong huong LLC.
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- Nguyén Iy 1am viéc: Bo bién ddi LLC diéu khién
bang cach thay dbi tan s phat xung, cac van duoc
phat xung 50% ngugc nhau.

- Qua trinh tinh toan théng s6 mach LLC duoge
thuc hién trén phﬁn mém Matlab theo so dd thuét toan
trén hinh 2.5.

Tinh chon ti 6 may
bién ap

|

Tinh ti sé bién ddi dién
4p nho nhat va 16n nhét

l_l

Lua chon hé sb chét
lugng Qe va hé so dién
cam Ln

—

—

Kiém tra Mg va fn

Tinh dién tr& qui dbi vé
phia so cap

Normalized Fr-q\n e, fa

Tinh céc thong sé cong
huong Lr, Cr, Lm

Hinh 2.5. Luu d6 thudt todn tinh LLC

- Trong khoang thoi gian T +T, van S, khoa. Dong
dién chay qua mach cong huong am. Dong dién i
tang vi qua trlnh cdng huorng L va C. Tai thoi dlem
nay bén thir cap diode D, dan va dong i bit du tang
1én.

- Trong khodng thoi gian T =T, van S| dan, dong i,
duong. Do cong hudng nén dong i ting lén va dong
qua L_tang.

- Trong khoang thoi gian T,+T,, 0T, hai dong
digni vai bang nhau, dién ap thu cap may bién ap
(MBA) nho "hon dién ap dau ra, do d6 dau ra bj tach
ra khéi MBA, nén dong i bang khong. Khi i i, khong
bi kep boi dién ap dau ra, L _ tham gia vao qua trinh
cong huong L, C.

- Trong khoang thoi gian T,+T,, van S, ngit khong
hoat dong & thoi diém T.. Dong i chay qua diode noi
cua van S, tao didu klen cho van S bat dau giam.
Cung thcn diém do diode D, dan, va U ,, bi chan boi
dién 4p dau ra. Do d6 dong i, bét dau tang cho dén khi
i, Am ¢ thoi diém T,

X
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Trong khoang thoi gian T, =T, van S, hoat dong,
tai thoi diém nayi _amvas, dan Dong dlenl glam
Tuy nhién diode D, dAn nén | ,, bichanboi dlen ap dau
ra, tici glam tuyen tinh. G1a1 doan nay két thtic khi i i,
vali bang nhau va dong i, giam v¢ khong.

2.3. T htet ké mach DC- DC cong hwong LLC [2]

B bién doi LLC nira ciu mot pha co cac thong
s sau:

- Cong suét P=300W

- Pién ap dau vao V,, =375+405V

- Dién ap dau ra V. . =24V

- Dong dién dau ra I =25A

- Tan s6 cong hu’(mg f =130kHz

a. Tinh toan thong 56 mach cong hmfng

Bude I: Tinh ti s6 vong diy méy bién ap

_ Vour _

= —va =322 = 8,125 chon n=8
Bude 2: Tinh ti s6 bién d6i dién 4p nho nhét va

16n nhat

2n(Vout—min+Vr) = 0,96
Vin-max

V&iVy—min = 24+ (1 —1%) , V= 0,7V

2n(Vout—maxtVr+Vioss) _ =111

Vm —min

Vi Vormax = 24+ (1 + 1%) , Viess = 1,05V
3.0

Mg—min =

Mgfmax -

2.8
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Attainable Peak Gain, My _,

0.15 0.35 0.55
Quality Factor, Q.

Hinh 2.6. D6 thi hé 56 Q.

Buoc 3: Lya chon M, vaL,

Tir hinh 2.6 ¢6 thé thay voi gia tri L cang nho, tirc
la dién cam cOng huong L, cang 16n, duong Mg cang
ddc, ddng nghi véi viée tAn s6 thay d6i thi dién ap thay
d6i cang nhanh. Theo céc tai li¢u tham khao, gié tri L,
thuong chon trong khoang tir 5 dén 10. Chon L=3 5
va Q=0,45.

Buée 4: Tinh dién tré qui d6i vé phia so cip

R, = ¥ Vout _ 49 80

T2 Iyt

0.75 0.95 1.15

Buede 5: Tinh toan thong sd cac phan tir cong huong

U
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1

Cr = 21QefoRe
1
"= Grgre, - 27Ok

Ly = Ly - L, = 95,6pH

b. Tinh todn cdc théng sé ciia van ban dan
Phia so cép 1a van ban din MOSFET, van thir cip
la diode dugc lua chon dya trén dién ap va dong dién
dinh murc cua van.
C. L
n—fw'“_l,

= 13,6nF

Im¢ Ioe¢ -

Hinh 2.7. So' d6 mach twong dwong ciia phan cong

huwong va MBA.
Tinh toédn dong di¢n phia so cap:
I
Le = z"f out — 3,474
I, =09 “V"“‘ = 2,464
I =412 + 1,%1 = 4,254

Tinh toan dong phia thi cép:
ILje—s=n-1,, =27,76A

Véi dién ap dau vao 400V thi cac van MOSFET
bén so cap phai chiu duoc dién ap 700V, dong dién
10A. Con diode bén thi céip chiu dugc dong dién 16n
khoang 60A.

3. Két luan

Dé dép tmg yéu cau dao tao ki su thuc hanh c¢6 kha
nang tmg dung 1y thuyét giai quyét vao thuc té, nhiéu
van dé ky thuat duoc dua vao giang day trong chuong
trinh dao tao. Bo bién d6i DC-DC st dung rong rai
trong cung cap dién cho cac loai xe dién nén dugc dua
vao giang day. Bai bao trinh bay cac budc thiét ké bo
bién d6i DC-DC cong hudong LLC sir dung phan mém
Matlab. Cac budc thiét ké bo DC-DC cong huong
LLC gitip cho gidng vién va sinh vién trong viéc giang
day va nghién ctru cac bo bién ddi dién ning.
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