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ABSTRACT

This paper presents a DC-DC boost converter configuration that is capable
of providing a high DC output voltage based on the Switch Capacitor (SC)
technique, referred to as a new DC-DC boost converter based on the switch
capacitor configuration with high voltage gain (SCBC). The SCBC
configuration is built on the traditional DC-DC boost converter,
incorporating five capacitors and five diodes to enhance the voltage gain.
The research configuration will generate a higher output voltage without
requiring the power switch to operate with a large Duty Cycle (D). The
notable feature of this configuration is its ability to triple the voltage gain
compared to a traditional DC-DC boost converter. To validate the
theoretical foundation presented in the paper regarding the circuit’s
operating modes in Continuous Current Mode (CCM), simulations and
experimental results were conducted with the assistance of PSIM software.
The experimental model, featuring an input voltage of 29.3-V and an
output voltage of 178-V, was tested in a laboratory setting. The small-
signal model of the research configuration has been examined and analyzed
in this paper, and the design of the Pl control signal has also been
constructed.
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TOM TAT

Bai b4o nay trinh bay mot ciu hinh DC-DC ting 4p c6 kha ning cung cp
mét dién 4p dau ra DC cao dya trén ky thuat chuyén tu SC (Switch
Capacitor - SC), dugc goi 1a cdu hinh ting 4p dua trén ky thuat chuyén tu
(SCBC). Céu hinh SCBC duoc xay dung trén nén tang céu hinh DC-DC
tang ap truyén thong, két hop thém nam tu dién va nam diode dé nang cao
d6 lgi. Cau hinh nghién ciru s& tao dién ap dau ra cao hon ma khong can
diéu khién khoa cong suat voi hé s6 cong tac D (Duty cycle - D) c6 gia tri
16n, diém ndi bat & cAu hinh nay la co thé tang do loi 1én ba l4n so v&i bo
DC-DC ting 4p truyén théng. Dé kiém ching co sd 1y thuyét dugce trinh
bay trong bai bdo vé ché d6 hoat dong ctia mach & ché d6 dan dong lién tuc
CCM (Continuous Current Mode - CCM) cuing vdi cac phép tinh toan, cac
két qud md phong va thuc nghi€ém dugc thuc hién voi sy hd tro cua phén
mém PSIM va m hinh thuc nghiém c6 dién ap dau vao 29.3-V va dién ap
diura 178-V duoc thuc hi¢n tai phong thi nghi¢ém. M6 hinh tin hi¢u nhé
ctia cAu hinh nghién ctru da dugc xem xét va phén tich trong bai bao nay,
ddng thoi thiét ké tin hiéu didu khién PI ciing dwoc xdy dung.

Doi: https://doi.org/10.54644/jte.2025.1640
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1. Gigi thiéu

Ngay nay, véi su phat trién vuot bac ciia cac nganh cong nghiép dan dén nhu ciu tiéu thu ning lugng
ngdy cang tang 1én, diéu do tac dong tiéu cuc dén cac ngudn ning luong truyén théng, dic biét 1a nang
lugng tir nhién li€u hoa thach. Chinh vi thé, ngudn ning lugng tai tao dwoc xem 1a giai phap phd blen
va hiéu qua nhat dé thay thé cho ngudn ning lugng tir nhién lidu hoa thach, do n6 it gy ra tdc dong xau
dén méi truong va sire khoe con ngudi [1], [2]. Mot trong nhitng ngudn ning luong tai tao duge sir dung
pho bién d6 1a hé théng pin nang luong mat troi (Photovoltaic System - PV). Tuy nhién, hé thong PV
c¢6 dién ap DC dau ra twong dbi thap, cho nén can c6 mot bo chuyén dodi DC- DC tang ap dé nang cao
mirc dién ap DC dau ra dép tmg cho nhiéu phu tai. Do d6, viéc nghién ctru cic ciu hinh cia bo chuyén
d6i DC-DC ting 4p dugc quan tim hang dau. Mot trong nhitng bd chuyén déi DC-DC ting ap tiéu biéu
d6 1a bo DC-DC tang ap truyén thong dugc sir dung phd bién trong dan dung [3]. Bén canh d6, nhiéu
bai bao nghién ciru trong va ngoai nudc da dua ra nhiéu ciu hinh cho bo chuyén d6i DC-DC gilip cho
dién ap dau ra ngay cang tiang cao cho viéc tmg dung hé thong PV. Trong s6 d0, bo chuyén d6i DC-DC
tang ap c6 hai dang cau hinh cach ly va khong cach ly. P6i véi cdu hinh cach ly, mot may bién ap duoc
sir dung dé cach ly dién ap dau vao va dau ra [4]-[6], tuy nhién viéc str dung né s& 1am gia tang kich
thudc toan b ciia mach ciing nhu gia thanh ctua mach s& cao hon. Con vé6i ciu hinh khong cach ly [7],
[8], cAu hinh DC-DC tang ap su dung cudn cam dé gia tang do lgi dién &p, nhung d6 ty cadm ro ri cua
cudn cam sé tac dong ti€u cuc dén cAu hinh do sy nhiéu cua nd gay ra khi hoat ddng & tan s6 cao. Thém
vao do, trong cac cdu hinh khong cach ly con c6 bd chuyén déi DC-DC ting ap dwa trén chuyén ty SC
[8]-[16], hay con dugce goi 1a CP (Charge Pump - CP), str dung tu dién lam thanh phan chinh trong viéc
luu trit nang lugng dong thoi cAu hinh mach sir dung nhiéu cudn cam va tu dién dé dat duoc ti 18 chuyen
d6i dién 4p cao, co thé img dung rong rai cho cac nganh cong nghiép. Céu hinh SC [10], [11] ¢6 c4u
trac don gian va dat dugc d loi dién ap mong muon trong nhleu ung dung nhung cac bd chuyen doi
DC-DC tang ap nay hoat dong véi tan s0 cao s€ gay ton hao va do on trén linh kién 16n din dén hu hong,
dic biét 1a MOSFET. Mit khac, néu muén c6 do loi cang cao thi bd chuyén d6i DC-DC ting 4p dua
trén tu dién chuyén mach [15], [16], s& gip mot s6 van dé nhu yéu cau nhiéu khoa ban din va nhiéu
cudn cam, dong dién dau vao dao dong va mach diéu khién phuc tap.
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1T Vin == SJ.-_I} Cs==

c) d)

Hinh 1. Cdc cdu hinh DC-DC ting dp: (a) cdu hinh DC-DC ting dp truyén thong [3], (b) cdu hinh DC-DC ting
ap SC don gian o [11], (c) cau hinh DC-DC tang ap SC-ANC o [15], (d) cau hinh DC-DC tang dap SC nghién cutu.

Trong bai béo [19]-[21] déu d& cap dén viéc tinh toan dién ap dau ra, dién ap trén cac tu dién va dong
dién trén cuén cam cho mach n lan cell, trong tw nhu ciu hinh nghién clru trong bai bao nay. Tuy nhién,
dbi voi bai bao [19] da trinh bay su sut &p trén khoa cong sudt S va trén céc diode, sy sut 4p nay anh
hudng truc tiép dén qua trinh nap lai cac tu dién. Piéu d6 anh huong dén dién ap dau ra cua mach, vi
vay bai bao [19] da lam r6 ciing nhu phan tich cac cong thirc tinh toan sut 4p trén khoa cong suat S va
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diode. Con bai bao [20] d& cap dén ti 1é dién tré trén cudn cam Ry, dién tré dau ra va ti 1& giira dién ap
dau vao va dau ra. Thém vao d6, cdu hinh con phén tich ti 1& dién ap giita cac tu v6i dién ap dau vao, tir
d6 dua ra vung tdi wu dé lwa chon hé sb cong tac D, gitip cdi thién hiéu suét hoat dong cua mach. béi
v6i bai béo [21], cau hinh két ndi v6i hé thdng PV sir dung thuat toan MPPT (Maximum Power Point
Tracking - MPPT) v6i phuong phap P&O (Perturb and Observe - P&O). Giai thuat nay dugc sir dung
dé tim diém cong sudt toi wu cho bd chuyén déi DC-DC ting ap sir dung k¥ thuat chuyén tu SC. Két
hop voi diéu khién PI, giai thuat nay con giup diéu khién cac MOSFET & phia nghich luu, dam bao cho
dong dién va dién ap cing pha, tir d6 cai thién déng ké cong suat diu ra.

Trong bai bao nay, trinh bay mét cau hinh 1a sy két hop bo chuyén d6i DC-DC ting ap voi céac tu
dién va diode dya trén ky thuét chuyén tu nham lam giam d6 gon dién ap dau ra, dwa ra d6 loi cao hon
s0 vOi céu hinh tang ap truyén thong [3]. Bén canh do, ciu hinh nghién ctru duoc didu khién bsi mot
khod cong suit s& lam giam d¢ phure tap trong viéc diéu khién, tinh toan va thiét ké ciing nhu gia thanh
ctia mach so vdi cau hinh SC [15], [16]. Pic biét, bai bao con thuc hién phan tich tin hiéu nhé cho cAu
hinh nghién ctru qua d6 ham truyén cta hé théng dugc sir dung dé xay dung b diéu khién PI. Bai bao
bao gdm 4 phan chinh. Phan 1 s& trinh bay phan giéi thiéu. Phan 2 s& trinh bay vé cau hinh DC-DC ting
ap dua trén k¥ thuat chuyén tu. Phan 3 s& trinh bay vé két qua mo phong va thuc nghiém. Phan 4 s& dua
ra két luan.

2. Cau hinh DC-DC tiing ap dwa vao ky thuit chuyén tu
2.1. Nguyén Iy hoat dpng & ché dp din dong lién tuc

Céu hinh DC-DC ting ap nghién ctru dugc thé hién ¢ hinh 1(d). Cau hinh bao gom mdt cudn cam L,
nim ty dién C; - Cs, nam diode D; - Ds va mot khoa ban dan S. Cudn cam L mic nbi tiép nguon dién ap
dau vao DC. Pién ap dau ra Vo duoc tao ra bang cach kich dong, ngat khoa S v6i mot hé so cong tac D
thich hgp. C4u hinh DC-DC nghién ctru gdm hai ché do hoat dong twong ing véi trang thai dong, ngat
ctia khéa S trong khoang thoi gian (0 - DT) va (DT - T), dugc thé hién trong hinh 2(a) va 2(b). Tin hiéu
diéu khién caa khoa S dugc mé ta trong hinh 2(c).
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Hinh 2. Ché d¢ hoat dong cua mach DC-DC tang dp nghién citu: a) Ché do 1 (0 - DT), b) Ché dg
2 (DT - T), ¢) Dang séng dong dién va dién dp ciia cudn cam trong mot chu ky chuyén mach.

Trong ché d6 1, khoa S duogc kich dong. Cudn cam L bit du tich ning luong cing lic d6 tu Cy, Cy
bét dau tich ning luong, con tu Cs, Cs, Cs xa ning luong 1am cho dién ap Vako20s >0 cho nén diode
D2, D4 phén cyc thuan con Vo psps <0 nén diode Dy, D3 va Ds phan cyc ngugc. Dya vao hinh 2(a),
ta dugc cac phuong trinh sau:

di,
\'A —L—=V» 1
dt in ( )

JTE, Volume 20, Issue 02(V), 05/2025 24


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
Ver =Vear Voo =Ves )

Vo =Ves +Ves +Ves 3)

lesony =~ 1% 4)

lesony = leaony + lcaon) ®))

lesony T leaony = leagony + leaon) (6)

Trong ché do 2, khoa S dugce kich ngét. Cuén cam L bét dau xa nang luong cung luc d6 tu dién Cs,
Cy, Cs tich nang lugng, con Ci, C; xa nang lugng lam cho dién ap Vo1 psps) >0 Nén diode Dy, D3, Ds
phan cyc thuan, con Vy pyps <0 nén diode D2, D4 phan cuc ngugce. Dya vao hinh 2(b), ta dugc cac
phuong trinh sau:

V. = L% =V, —Ve,3 7

Vo, =Veas Ve, =Ves (®)

Vg =Veg + Ve, +Ves )

leaorry T lesorey T 1R =0 (10)
leorry  lcacorry = lezorry + lesorr (11)

Trong mdt chu ky chuyén mach T, dién ap trung binh cta cudn cam L bang khong. Két hop phuong
trinh (1) va (7), ta c6 phuong trinh dién ap roi trén cudn cam L nhu sau:

1 T 1 DT 1 T
Ve == [V @dt == [Vidt+= [ (v, -Ve,)dt =V, -V, (1-D) =0 (12)
T 0 T 0 T DT

Tir phuong trinh (12), ta suy ra dugc biéu thirc dién ap trung binh trén Cznhu sau:
Ve, =V, /(1-D) (13)
Két hop phuong trinh (2), (8) va (13), ta c6 duge biéu thirc dién ap trung binh trén cac tu Cx nhu sau:
Vo =V, /(L-D) ,v6i X 1a 1-5 (14)

Tir hinh 2(a), ta c6 dién &p diu ra Vo chinh bang tdng dién 4p trung binh trén céc tu dién Cs-Cs, ta co
duoc phuong trinh sau:

Vo =Ves +Ves +Ves =3V, / (1-D) (15)
Tt phuong trinh (15), d6 lgi dién ap G cua mach ting ap dugc xac dinh nhu sau:
Geey =Vo /V,, =3/(1-D) (16)

Trong mdt chu ky chuyén mach T, gia tri dong dién trung binh trén cic tu dién C;-Cs bang khong, ta
c6 phuong trinh nhu sau:
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DT

1t 1 1 B
lex z?_([lcx (t)dtz?J. ICX(ON)dt+?J.DTICX(OFF)dt=0’ voi Xla 1-5 (17)

0

Ap dung phuong trinh (4-6), (10) va (11) vao phuong trinh (17), dong dién chay qua cac tu dién C,
-Cs khi chuyén mach ON va OFF thu dugc nhu sau:

_—2lg _lg | _ﬁ _ e
leyon) D lcaon) D CUOFF) " q_p*' C¥FF) " 1_Dp
~15(2+D) 1,0+ D), (2+D)l, lr (1+D)
IC3(ON) :T’ IC4(ON) :T’ ICS(OFF) = 1-D ' IC4(OFF) = 1-D (18)
lesony =g :ﬁ
Cs(0FF) T 17

2.2. Phan tich tin hiéu nhé va thiét ké by diéu khién PI
2.2.1. Phan tich tin hiéu nho

i bé tinh gia tri trung binh cda dién &p trén cuén cam L, dong dién qua cac tu di€n Cz-Csva dién ap
dau ra Vo trong mot chu ky T, ta c6 dugc cac phuong trinh sau:

i
LE =V, —ri)d + (", -V, —ri)1-d)

dv, - - - _
C; dis =(-k - ICl(ON))d +(I, - )A-d)

dv, - - T (T -1 d
C, d? - (_IR - 'cz(ON))d + (IC?:(OFF) - - 'cl(OFF))(l_d) (19)

av, o - - _
Cs d(,[:s = (—I)d + (legorry — b — keaorry)d—d)

Vo = (\703 +Ve, +\7C5)a + (\7(:3 +Ve, +\7c5)(1_ a)

Gia dinh rang tin hiéu trung binh (X ) bao gdm thanh phan DC 1a X va mdt tin hiéu nhé AC 1a £, ta
thu duge: X=X+% vd X<<X. Tir phuong trinh (18) ta c6 duogc: Iyon) =—2k/d,
El(OFF) =2ig /(1_6) ) '_|C2(ON) =l Id, EZ(OFF) =~y /(1_6) va -_ICS(OFF) =[(2+6)TR}/(1—6) , thé vao

phuong trinh (19), sau d6 rat gon va ap dung phép bién d6i Laplace 1én cé hai vé, cac phuong trinh thu
duoc nhu sau:

d(l, +1i, - i I
L (at L):LS(||_+|L):Vdc+\7dc_(Vcs"'vcs)(l_D_d)_rL(lL+|'-)

c 40V +7cy)

3 dt :CSS(\/03+\7C3):(IR+TR)+(IL+FL)(1_D_6)
C, d(VC“d:_VC‘l) =Cys(Ves +Ves) =—(Ig +TR) (I + IHL)(]-_ D_d) (20)
C. d(\/cz:vcs) = Co5(Veg +Veg) =3(I5 +ig) — (I, +1 )A—D—d)

Vo +Vy =V + Vg + Ve, + Vo, +Veg + Ve
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Tir phuong trinh (20), ta dugc cac phuong trinh (AC) dugc biéu dién nhur sau:

ir—1.d+i (1-D)
Vcsz
Cs V..d—(1- D)V
L . Vo +V.d—(1-
_—dp+1 d-i (1-D) i =" CSLs,+(|r = 21
= Cs ; L (21)
) V. =V.. +V.,+¥
B+l d-i@-D) ¢ e
cs C,s

Dya vao phuong trinh (21), ta s& thu ham truyén G,_(S) , G, (s), Gc,(S) va Gg;(s) nhu sau:

Voo | Ve =0 V;1-D)—1 (Ls+r) Uoullg = —(1 D)
Gy, (s)=— - = c4(s):T <
“ dli;=0 LCs*+rCs+(@1-D)* i |d=0 C;s 22)
iv.,=0 V ’ -0 -
G, (S):I_L . T Ges (S)ZVT - D)
d|V.,=0 Ls+r I, d=0 C:s
Dua vao phuong trinh (22), ta tim dugc cac ham truyén G, (s) va G, (S) nhu sau:
Gy, ~Gea(5)G, (5) - et ~Jea L _ Yoo Z-D)  Veo(1-D)
c d 1.d Ls+r Css (Ls+r1.)C,s 23)
G, =Ges (50, (5) = =S b - e S0 TestD)
° d 1.d Ls+r CsS (Ls+r.)C.S
Tir phuong trinh (22) va (23), ta s& thu ham truyén duéi dang G(S) =V, / d nhu sau:
G(5) =G, (5)+ G, (5) + G (5) =g en = 2
C1,C2L28% — (21 CALE + AV, CRL)S? — (1, G2 2 + AVLC.2r )S — VpyCuAl (24)

G(s)=
©) C.’L%s* +2C,°r, Ls® + (A’CL+C.’r.%)s® + ACrs

véi: A=1-D, C,=C, =C,.

2.2.2. Thiét ké b¢ diéu khién PI va mé phong cho mach nghién ciru

Hinh 3. So do diéu khién PI cho c4u hinh nghién cizu.
Hinh 3 mé ta so do diéu khién PI cho c4u hinh nghién ctru. Dién ap dau ra Vo dugc kiém soat boi
mot bo di€u khién PL, nhu dugc minh hoa trong hinh 3. Ta tién hanh tinh toan tham so6 cua bd di€u khién
Pl, ham truyén cua b di€u khién PI ¢6 dang:
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PI(s) = Kp +% (25)

Véi: Kp va K 1an Iuot 13 hé sb ti 18 va do loi tich phan ctia bo didu khién PI(s)

Goi d6 dy trir pha 1a Pm, pha cta hé thong tai tan so cit f. 1a PHS thi goc pha can cho bo PI tai tan s6
cit f. va gid tri ciia hé s6 K va Kp can tim la:

K = tan(Degree) x 2z x f,
Degree =180— PM + PHS; B 1 (26)
IG(f.)|x|PI(f,)|

Thuyc hién thiét ké hé théng sau khi diéu khién co PM = 180°, tan s cat bién f, =15.9Hz . Tir cong

thirc (26) v6i dién ép dau vao 1a 50-V va dién 4p DC déu ra trong khoang tir 350-V dén 500-V, ta tinh
duoc hé so Kp, Kinhu sau:

K =108.2812 K, =KxK,=0.1
; (27)

K, =9.2345x10"*" |K, =9.2345x10™*

Dura trén biéu d6 Bode & hinh 4(a), hé thong c6 d6 du trit bién d6 (Gm) 1a 13.2 dB va dé du trit pha
(Pm) 12 180 deg. Do d6, cac gia tri Gm va Pm ciia hé théng déu duong, cho thdy hé thng trd nén 6n
dinh theo tiéu chuan Bode [22]. D4i véi hinh 4(b), voi dién ap dit Vo rer tir 350-V dén 500-V nho bo
diéu khién PI diéu chinh dién ap Vo ludn bam va tién gan dén gia tri tham chiéu Vo _rer, ¢ d0 gon dién
ap dau ra AVo 12 0.765-V & dién 4p Vo_ret[500-V] va 0.502-V & dién &p Vo rer[350-V].

Bode Diagram
G(s)Pi(s): Gm = 132 4B (at 160 Ka), Pm = 180 dog (at 15.9Ha) Vo[Vv] Vo_ref[V]
100 5005
g iy oo 22T
2
£ 450 fom NN NN YV VYN XA e
3 i
ES 400 [-eeeeme e o
g AV =0.765[V]
350
0 : 550 —
500 L
= 180 .
3 450 MQ.JQ\_JQQ\_JUGQQGGQQQ%
i 7 :
i B e S [
f 350 . ;
90 - i 5
10/ 10 10° 0 10 05 1 15 2
Frequency (Hz) Time (s)
a) b)

Hinh 4. a) Biéu do Bode ciia G(s), PI(s) va G(s). PI(s)-
b) Két qua mé phéng ciia dién dp dau ra Vo va dién dp ddt dau ra Vo ret.

2.3. Lwa chen linh kién
2.3.1. Lwa chon cugn cam

Dua vao phuong trinh (1) x4c dinh duoc do gon dong dién trén cudn day L. Dé tinh toan dwoc gié tri
L thi d6 gon dong dién Al phai thoa diéu kién: Al, < %y, 1., voi%y, la phén trim cyc dai cho phép ctia

dd gon dong dién lén cudn day. Tu do, ta thu duoc biéu thuc tinh gia tri cuon cam L nhu sau:

Al =(V,DT)/L=(V,D)/(Lf); L=[R@-D) |/(9%y, f) (28)
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2.3.2. Lwa chon tu dién

Thay (18) vao phuong trinh tinh todn dong dién cta céc tu dién Cx: 1, =C,dV,, /dt, véi X 1a 1-5
trong khoang thoi gian (0 - DT). Pé tinh toan duogc gia tri dién dung céc tu dién Cx thi do gon dién ap
trén cac tu Cx phai thoa diéu kién: AV, < %X, Vox s vOi %X, 1a phan tram cuc dai cho phép cua d6 gon

dién ap lén ty dién. T do, ta xac dinh dugc gia tri cia cac tu Cx nhu sau:

2.3.3. Lua chon linh kién khéa ban dan va diode.

21T T c>_ 6 cs_ 3
AV(:l— _C1 ' Ach_C_2 1_%)(\/01Rf J 2_%chzRf
AV, = @D _@eD)T . | 32+D) o 3+ D) 29)
C, C, %X, Rf %x,,Rf
AV, = DI T g
C; %X, Rf

Ttr hinh 2(a), khi khoa S dan trong ché d6 1, dong dién I =1, + Icyony » do d6 dong dign di qua khoa

S duoc trinh bay nhu sau:

I = 1,(2+D)/[D(-D)]

(30)

Tir hinh 2(a), diode D2 va D4 phén cyc thuan, dong dién Iy, = Icuon) — lesony » 1os = leaiony - Tt hinh

2(b), diode Di, D3 va Ds phan cyc thuan, dong dién Iy, =lcsorr) = lesorr) s 1os = —leaiorr) s

Ios = lcaorr) = lcs(orry » do d6 dong dién qua céc diode D1 - Ds dugc trinh bay nhu sau:

ID2:|D4:IR/D;IDlZIDSZIDSZIR/(l_D)

€2))

Tir d6, ta s& co thong s6 ky thuat ciia cau hinh nghién ciru duoc trinh bay trong bang 1:

Bang 1. Théng s6 ky thudt ciia linh kién trong cdu hinh nghién ciiu

Tén linh kién

Théng s6 ky thuit

Cudn cam L

1mH 20A

Tu dién C1- Cs

820uF 450V

Diode D; - Ds (C4D40120H)

Ie: 128A (25 °C ), Vrruw: 1200V, Ve: 1.5V

Khéa S; (C3M0040120D)

Ip: 66A (25 °C ), Vps: lZOOV, Rps (on): 40mQ

3. Két qua md phoéng va thuc nghiém

Dé kiém chung cac Iy thl}yét dugc phan tich & trén, nhom nghién ciru di tién hanh chay mé phong
va thue nghiém, voi thong s6 mo phong va thuc nghiém duoc trinh bay & bang 2.

Béang 2. Cdc thong sé mé phong va thue nghiém

Théng sb Ky hiéu Giatri
Dién ap dau vao Vin 30-50V
Tan s6 chuyén mach f 20 kHz
Duty Cycle 0<D<1
Tai R 200 Q
Dién ap dau ra Vo 180 - 500 V
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3.1. Két qua mo phéng

Vin[v] Vo[Vl Vo_ref[V] Vin[V] Vo[V] Vo_ref[V]
300 -
500 —
250 — o
T 400 S
200 ™ s = =~ AVo=0374V] o 7 v =0765V]
150 s y 300 -
2001 oz
100 = | 200 -
was . o
50 : | 100
05 1 15 2 05 1 15 2
Time (s) Time (s)
a)
IL(A)
12 |
10
i e -
g | -
T ST AIZ0.9107A]
6 e
4
2 w5
|
0
0.5 1 15 2
Time (s) Time (s)

Hinh 5. a) Két qua mé phong dién dp diu vio Vin va dién dp dau ra Vovéi Vo ret [180V-250V], b) Két qud m6
phong dong dién trén cugn cam 1L v6i Vo ret [180V-250V], ¢) Ket qua moé phong dién dp dau vao Vi va dién ap
dau raVovai Vo ret [350V-500V], d) Két qua mé phong dong dién trén cudén cam I véi Vo _ref [350V-500V].

Trong hinh 5(a) va (b), dién 4p dau vao Vin 12 30-V Véi dién 4p dat Vo _rer [180V-250V], tin higu di:éu
khién PI diéu chinh di¢n ap Vo ludn bam va tién gan dén gia tri tham chibu Vo_rer, 6 d0 gon dién ap dau
ra AVo va d6 gon dong dién trén cuon cam A/, lan luot 1a 0.374-V va 0.919-A ¢ dién &p Vo _rer [250-V].

Trong hinh 5(c) va (d), dién ap dau vao Vin 12 50-V véi dién dp dit Vo_rer [350V-500V], tin hi¢u diéu
khien PI diéu chinh dién 4p Vo ludn bam va tien gan dén gia tri tham chicu Vo_rer, 6 d0 gon dién ap dau
ra AVo va d6 gon dong dién trén cuon cam A1 lan luot 1a 0.765-V va 1.704-A & dién &p Vo re [500-V].

3.2. Két qud thuc nghigm

E g RS ! Tek Run | — Trig'd ek | ig'd
” ; ’ - s o R el i L ek Run . [—ﬁ—]ﬁ _Trig
Vo[ 50V/div] : : : - Ips[ 5A/div]
P | : L[2AMdIV] A O ! ISP SRS
g , L Vin[ 50V/div] : - :
(e : T : : Vos[ 50V/div] | - ]
— ; t=20us/divi | : t=20us/div:
a) b) c)

Hinh 6. a) M6 hinh thuc nghiém cdu hinh DC-DC ting dp nghién citu, b) Két qud thuc nghiém dién dp dau vao
Vin, dau ra Vo va dong dién trén cuén cam I, c) Két qua thuc nghiém dién dp Vos va dong dién Ips cua khoa S.

Thi nghiém duoc thyc hién boi moé hinh nhu trinh bay trong hinh 6(a). Cac thong s6 linh kién va
thong s6 thuc nghiém dugc trinh bay lan luot tai bang 1 va bang 2. T két qua thyc nghiém dugc trinh
bay ¢ hinh 6(b), véi dién ap dau vao cta cdu hinh do duoc 13 29.3-V, ta thu duoc dién ap dau ra cua ciu
hinh nghién ctru 1a 178-V. Tuy nhién, Kkét qua thyc nghiém c6 gia tri dién ap dau ra th?ip do c6 su sut
giam dién ap trén cac phan tir cong suét trong mo hinh thuc nghiém. Ngoai ra, hinh 6(b) con trinh bay
Kkét qua dong dién va do gon dong dién trén cudn cam. P9 gon dong dién va dong dién trung binh trén
cudn cam L co gia tri 1a 0.96-A va 6.52-A, do gon phe‘in trdm cua dong dién L thyc nghiém la 14.72%.
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Trong hinh 6(c) trinh bay 1‘<é’t qua thyc nghiém dién ap Vps va dong dién Ips ctia khoa S. Dién ap Vpsva
dong dién Ips ctia khoa S 1an luot 1a 69-V va 10.6-A.

SO SANH Ti LE CHUYEN DPOI DIEN AP
a5

40 —e—C4u hinh [3]
35 —e—C#u hinh [11]
]
] —— "4 i 5
Z 30 Cau hinh [15]
& s ——Céu hinh [16]
&
= 20 Cau hinh [17
E_ [17]
o ——Céu hinh [18]
=

10 —e—C#u hinh d&
5 xuat

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
PO RONG XUNG D

Hinh 7. So sdnh ti 1é chuyén doi dién dp véi cdc nghién civu khdc (ché @6 CCM).

Bang 3. Bang so sanh d¢ loi dién ap o ché @ CCM va s6 linh kién cua cdc cau hinh nghién ciru.

S6 lwong linh kién

Céu hinh DC-DC tiing ap Do loi dién 4p G
L D C
Traditional Boost [3] 1 1 1 1 1/(1-D)
Bai bao [11] 1 1 2 2 (2-D)/(1-D)
SC-ANC [15] 2 2 3 3 (3+D)/(1-D)
SCDS [16] 2 1 4 3 (3-2D)/(1-2D)
Bai béo [17] 1 2 2 3 (1+D)/(1-D)
Bai bao [18] 2 1 3 3 2/(1-D)
Cau hinh nghién ctru 1 1 5 5 3/(1-D)

4. Két luan

Bai bao nay da trinh bay vé mét cu hinh DC-DC ting ap dua trén k§ thuat chuyén tu. V&i nhiéu linh
kién tu dién, mirc gon song dién ap trén dau ra thip gitp on dinh dién ap va do lot dién ap dugc tang
cao. So v6i cac cau hinh ting ap ciing dua trén k¥ thuat chuyén tu [15], [16], céu hinh DC-DC tang ap
nghién ctru st dung it linh kién nhu MOSFET, cugn cam. Do do, cau hinh tang ap c6 thé duoc thiét ké
v6i cac linh kién tdi uu chi phi. Hon nita, viéc sir dung mot MOSFET lam giam d6 phirc tap trong viéc
tinh toan, giam kich thudce tong thé khi thiét ké mach va cling nhu don gian khi diéu khién mach. Trong
tuong lai cau hinh DC-DC tang ap dugc nghién ctru s¢ dugc tmg dung cho cac h¢ thdng ning luong tai
tao, dic biét 1a hé thong PV. Piéu nay hira hen mang lai nhirng loi ich vé nang cao dién 4 ap DC cho chu
hinh nghich lwu va giam chi phi ciing nhu cai thién tinh 6n dinh va dang tin cay ctia hé thong.

Lo1i cam on

Bai bao nay dugc thuc hién voi su:,h(:) trg cua du an sinh Viép qghién ctru khoa hoc nam 2024 Truong
Pai hoc Su pham K¥ thuat Thanh pho H6 Chi Minh véi ma s6 de tai SV2024-160.

Xung dot lgi ich

Céc tac gia tuyén bd khong c6 xung dot loi ich.
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