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Céu hinh quadratic DC-DC ting 4p nhim giam dién ap trén tu

A quadratic DC-DC boost converter with capacitor voltage rating reduction
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Abstract

This paper presents a quadratic DC-DC boost converter topology featuring high voltage gain, common-ground (CG) characteristic, and sim-
plified control with a single active power semiconductor switch. Steady-state analysis and small signal analysis are conducted to model and
determine the transfer function of the proposed DC-DC converter. Based on transfer function, the parameters of controllers are determined.
The configuration is controlled by two proportional-integral (PI) controllers. The proposed converter are controlled by two closed-loop con-
trollers with feedback references of output voltage and input inductor current. Simulation results are carried out using PSIM software and a
200W experimental prototype with a resistive load to verify the accuracy of the proposed control method.
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Bai béo trinh bay cu hinh quadratic DC-DC ting ap v6i do loi
dién ap cao, c6 tinh chit common-ground (CG), va chi str dung mét
khoa cong sudt tich cyc nhdm don gian trong viéc diéu khién. Phén
tich trang thai xac 1ap va phén tich tin hiéu nho dugc thyc hién nhim
md hinh héa va xac dinh ham truyén ciia mach DC-DC d& xuét. Dua
trén két qua ham truyén, céc thong sé cua bo didu khién duoc liya
chon. Cu hinh duoc didu khién biang hai bo didu khién ti 18 tich phan
(proportional-intergral - PI). Phuong phap didu khién dé xuat sir
dung hai vong kin véi cac gia tri hdi tiép tham chibu 1a dién ap ngd
ra va dong dién cudn cam ngd vao. M6 phong duoc tién hanh trén
phin mém PSIM va mé hinh thuc nghiém vé6i cong suit 200W tai
thuén tré nhdm kiém chimg tinh dung dén cia cac phuong phap didu
khién dé xuét.

1. Giéi thigu

Gan day, qua trinh khai thac ning lugng tir cac ngudn nang
lugng tai tao rét dugc quan tam do cac van dé vé bién doi khi
hau va su can kiét dan ctia cac ngudn nhién lidu truyén thong.
Do d6, viéc chuyén doi nguon ning luong str dung di trg nén
cuc ki quan trong dé dat dugc cac muyc tiéu bén viing trong
chién Iugc toan cau [1]. Phat trién cac img dung ning luong
tai tao mot cach cép thiét dugc xem la giai phap hiéu qua nhét
[2]. Su tién bo trong cong ngh¢ cua cac bo chuyén ddi trong
linh vuc dién tr cong suat da tao nén mot giai phap day hua
hen cho van dé nay. Mot hé théng dién duogc tao nén tir cac
nguon nang luong tai tao c6 thé duoc truyén sang luéi dién

v6i quy mé tir nho dén 16n [3]. Pién 4p nhan dugc tir cac tim
pin nang lugng mat troi 1a thuong co6 gia tri nho, do do cac b
chuyén d6i DC-DC tang 4p dong vai trd quan trong nhu mot
hé thong trung gian dé nang cao dién ap ngd vao [4]. Céu hinh
co ban nhat ciia mot b chuyén doi tang ap truyén thong cod
thé ting cudng dién ap ngd vao thap dén mot murc can thiét
bang cach str dung phuong phap diéu khién diéu ché d6 rong
xung (PWM) [5].

Céu hinh bd chuyén d6i DC-DC ting ap truyén thong duoc
trinh bay nhu hinh 1(a). Hoat dong ciia mach chui yéu dya trén
trang thai dong cit cuia khoa cong sut tich cuc S va nguyén li
nap, xa cta cac thanh phén linh kién thy dong nhu cudn cam
L, tu dién C dé thu duoc gia tri dién ap ngo ra cao hon so vai
gia tri dién 4p ngd vao. Vi d6 loi 1/(1 - D) véi D 1a hé s6
cong tac cua khoa ban dan tich cuc, bo chuyén dbi ting ap
truyén théng khong thé dap Gmg yéu ciu ting dién ap véi do
loi cao [6], [7]. Ghép tang cac bd chuyén d6i 1a phwong phap
don gian nhét dé dat dugc mirc tang dién ap cao, dugc goi la
bo chuyén d6i ting ap ghép tang hay quadratic boost convert-
ers. Céu trac ghép tang doi hoi nhiéu thanh phan phu thudc
vao s tang, dan dén hiéu suét thap, mach phtre tap va chi phi
cao [8]. Do d6, c6 rat nhiéu nghién ctru dé cai thién van dé
nay di duoc cong bd.

(@) (b)
Hinh 1: Cdu hinh DC-DC tang ap: (a) Truyén thong; (b) Nghién ciru [9]

Céu hinh dé xuat trong nghién ctru [9] ¢ hinh 1(b) ndi bat
v6i d0 loi dién ap cao: 1/(1 - D)? va dién ap dat trén tu dién
thdp hon so v&i cdu hinh quadratic ting 4p truyén thong. Do
loi dién ap da dugc cai thién hon 1/(1 - D) l4n so v6i mach
tang ap truyén thong.

Hay trong nghién ctru [10] da dé xuét cAu hinh nhu hinh
2(a) v6i 0 loi dién 4p: (D?- 2D + 2)/(1 - DY, chu hinh ny
gap (D*-2D+2)/1 - D) 1an so voi d6 loi mach tang ap truyén
thong Bén canh yéu cau vé do loi dién ap cao, mot thach thire
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quan trong khac cta cac bd chuyén dbi niang luong trong linh
vuc nang lugng tai tao 1a phai dat dugc gia tri gon song dong
dién ngd vao thap. Giai phap don gian nhét 1a viéc sir dung
cudn cam 16n gitp giam do gon song, nhung cudn cam lon
dan dén mach c6 kich thudc 16n va dét tién. Ngoai ra, mot
cudn cam lon cling lam cham dap ung (transient response) cuia
bd chuyén dbi [11].

Hinh 2: Ciu hinh DC-DC tang ap: (a) Nghién ctru [10]; (b) Nghién ctu [11]

Do d6, nghién ciru [11] da dé xuét ciu hinh nhu hinh 2(b)
nhim cai thién d6 gon song dong dién trén cudn day. Cau hinh
b6 chuyén d6i DC-DC tang ap nay két hop hai dang nguyén i
dugc sir dung phd bién trong cac bo chuyen d6i cong suét hién
dai: 1) tai ngd vao cia bd chuyen ddi, hai cudn cam duoc dat
xen k& dé giam d6 gon dong dién dau vao va 2) tai ngo ra, mot
hé chuyén tu (switched capacitor) dugc str dung dé ting cuong
d6 loi dién ap dau ra. Hé chuyén tu ngd ra dugc cai thién béng
cach sir dung mot cudn cam cong hudng nhd L3 dé han ché
dong dién cuc dai do qua trinh dong cit khoa cong suat va nho
d6 ngan chén cac gai dong 16n [11]. Vi gia tri d6 loi dién ap
ngd ra: 1/[D(1 - D)], cau hinh da cai thién d6 loi gap 1/D lan
so v6i mach tz'u}g ap truyén thong.

Ds

F}Csz

Hinh 3: Cdu hinh DC-DC tang 4p: (a) Nghién ctru [12]; (b) Nghién ctru [5]

Nghién ctru [12] ciing dd dé xuat mot cau hinh quadratic
DC-DC tang 4p méi nhu hinh 3(a). D9 loi dién ap la: 2/(1 -
D)2 gip d6i so v6i bd chuyén ddi quadratic tang ap truyén
thdng. Trong nghién ctru [5], mot cdu hinh ting 4p nhu hinh
3(b) da dugc dé xuat. Cau hinh ndi bat véi viée it trang thai
hoat dong va linh kién hon so véi cac bd chuyén déi
interleaved tang ap cai tién nhung van dat dugc do loi dién ap
rat cao: (3 - D)/(1 - D)2. Cung véi d6, cau hinh ciing c6 dong
dién ngd vao lién tuc, 2 khéa cong suat tich cuc ding chung
mdt tin hi¢u diéu khién va tinh chat CG giita ngd vao va tai
ngo ra.

Nhitng phén tich trén chimg t6 tim quan trong cua cac bo
chuyén d6i DC-DC tang 4p trong nhiéu linh vyc thyc té. Bai
bao nay d& xut va diéu khién mot cau hinh quadratic DC-DC
tang 4p v6i cac wu diém sau: 1) cai thién d6 loi dién ap so v6i
mach ting ap truyén théng, 2) c6 tinh chit CG giita ngd vao
va tai ngd ra, 3) mot khoa cong suét tich cuc don gian trong
viéc diéu khién, 4) dién ap dat thap trén tu dién, 5) dién 4p dau
ra 6n dinh nho sir dung bd diéu khién PL CAu triic con lai cia
bai bao dugc chia thanh 6 phan nhu sau: phan 2 trinh bay
nguyén 1y hoat dong va tinh toan lya chon linh kién cho ciu
hinh mach DC-DC tang ap dé xuat; phan 3 trinh bay so sanh
v6i cac cau hinh DC-DC tang ap khac; phan 4 trinh bay phén
tich tin hiéu nho va didu khién vong kin cau hinh dé xuat; phan

5 trinh bay két qua md phéng; phan 6 trinh bay két qua thuc
nghiém; phan 7 trinh bay két luan cta bai béo.

2. Chu hinh dé xuét

So dd nguyén li céu hinh dé xuét dugc trinh bay & hinh 4(a).
Cau hinh bao gom: 2 cudn cam L, Ly; 2 tu dién ngd ra Ci, C3;
3 diode D1, D», D; va 1 khoa ban dan tich cuc S.

2.1. Nguyén li hoat dong

Hoat dong cta rpach duoc chia théph hai ché d6 dua trén
trang thai dong ngat cua khoa cong suat S nhu hinh 4(b), 4(c).

T A
2
B} O]
S
...t 5

Hinh 4: Céc ché d hoat dong ctia cu hinh dé xuét: (a) Céu hinh dé xuit; (b)
Ché d6 1 (0+DT); (c) Ché do 11 (DT=T)

s b I >
ole DT (1-D)Ts ‘
I, 4 i
fLl V. -Ve) /L,
Al \
Y 5 Vi ! L, L
I,
i Ve, /L,
Al
Y V. /L \ ¢
0 1 -
Verd
i (-1L2 -1,)/C, (IL/ -1,)C,
AV}
v t
Vo "
‘ff_“ _I{) /Cz (ILJ —10)/C2
AVesi
Y L
i >

Hinh 5: Dang s6ng dong dién cudn cam, dién 4p tu dién cua cAu hinh d& xuét

Trang thai khéa cong suét va cac diode duoc trinh bay &
bang 1, cac dang song dong dién cudn cam, dién ap tu dién va
khoa cong suat dugc bicu dien ¢ hinh 5.

Bang 1: Trang thai hoat dong ctia cAu hinh dé xuat

i Khéa cong suit Diode
Ché do Vo
S D, ‘ D, ‘ D;
1(0+DT) On On Off Off
VatVe
1 (DT=T) Off Off On On
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O ché do T (0=DT) véi D 1a hé s6 cong tac ciia khoa ban
dan tich cuc S: Khoa S duge kich dong nhw hinh 4(b). Khi nay
diode D; phan cuc thudn, trong khi d6 D, va D3 phan cuc
nguoc. Cudn cam L; dugc nap ning lugng bai ngudn V;, thong
qua diode D, va khoa §. Hai tu dién C; va C, xa nang lugng
qua tai ddng thoi tu C) nap ning luong cho cudn cam L. Hé
phuong trinh gia tri di€n ap trén cac cudn cam va dong dién
trén tu dién & ché d6 nay duoc biéu dién nhu sau:

di
v, =L, 7? =V

in

di,
I/LZZLZ dZ:VC,

! )
I —Cd
C, Idt

ICZ :Cz dt< :_Io

O ché @6 I (DT=T): Khoa S dugc kich ngit nhu hinh 4(c).
Trong thoi gian nay, diode D; phan cuc ngugc, cac diode D>,
Ds phan cyc thuan. Cudn cam L; xa nang lugng qua diode D;
nap cho tu Ci, trong khi d6 cudn cam L, xa nang lugng nap
cho tu C, thong qua diode Ds. Nang lugng xa cta hai cudn
cam ciing dong thoi cdp niang luong cho tai. Dién ap trén cac
cudn cam, dong dién trén tu dién dugc biéu dién nhu sau:

diLI
VL, = LI E = V;'n - VC,
di
VLZ =L, dL; =V,
(2)
dv,
Ie, = CI7ZILI 1,
dv,
I.=C,—==1, -1
C, 2 dt L o

CAu hinh dé xuét dugc xem xét & ché do hoat dong lién tuc
cua dong dién cudn cam L, L,. Trong trang thai xac lap dién
4p trung binh trén cudn cam bang khong. Do do, gia tri dién
ap trung binh trén céc tu Ci, C; dugc xac dinh nhu sau:
{%—KMO—D)
’ i (3)
Ve, =V,D/(1-D)

Tu phuong trinh (3), gia tri dién ap ngo ra va do loi dién ap G
duoc tinh toan:

V,=V,/(-Dy
G=V, /V,=1/(1-D)
Trong trang thai xac 1ap dong dién trung binh trén tu dién bang

khong. Khi nay, gia tri dong dién trung binh trén cac cudn cam
L1, L, duogc xac dinh nhu sau:

1, =1,/(1-D)y
I, =1,/(1-D)

“

(&)

2.2. Lua chon linh kién

Gia tri d6 gon song dong dién trén cudn cam va gon song dién
ap trén tu dién:
al, =—V,DT; 4I, = LL V. DT

1
=7V ©)
: LI 2

(7

Tu phuong trinh (6), (7) gid tri cudn cam va tu dién duogc tinh
toan nhu sau:

Ave =—=(1, +1,)DT; Av, =1 DT
1 C1 2 2 C2

2
[>tul
%P, f,

VD

“X%P,(1-DY /,
2
¢, 20=Dr@-D)D
YooV, f
4
¢, s 20=D)
Vi Y7o,
Trong d6: x% 14 phan tram d gon song tdi da cho phép cua
dong dién cudn cam; y% la phan traim d6 gon séng toi da cho
phép cua dién 4p tu dién; P, 1a cong suét dau ra ciia mach; f;
1a tin s& dong cit cia khoa cong sudt tich cuc S.

Pién 4p dit trén khoa ban dan S dugc xac dinh dua trén
trang thai hoat dong II. Khi nay, dién 4p dat trén khoa bang
dién ap ngd ra cua bd DC-DC. Dong dién cuc dai qua khoa S
bang tong dong dién qua cudn day L; va Ly, dugc xac dinh
nhu sau:

(®)

{VDS,()//‘(S) = VC, + VCZ =V, ©)

1

D, peak(S) = IL] ,peak + ILz,peak
Trong trang thai II, diode D phan cuc nguoc. Khi nay,

dién ap dat trén diode D; bang dién ap trén tu C>. Trong khi

do, diép ap dat trén diode D, va Ds dugc xac dinh trong trang

thai I lan luot bang Ve va Vo. Dong dién cua diode Dy va D,

dugc tinh toan bang dong dién qua cudn cam L. Trong khi

d6, dong dién cua diode D; bang tong dong dién /s va Ir,.
Vawy =Ves Vioy =Ve, s Vo =V,
[AK,peak(D|) =1

1 =1

AK(Dy) L, peak

(10)

AK peak(Dy) — ILl \peak

+1

L, ,peak

3. So sanh véi cac cdu hinh DC-DC tiing ap

15

>

—Con —|[12] 1= —Con—[12]
—[9 I51 Ny —191 I51
—[10] —Proposed — [10] — Proposed
1] E’S —[11]
G} -
10 ]
5] o
'3 £6
an w
[
& &0
S 4/
o5
>

Switch volta,
d

C
=

0 0.2 0.8 1 0 10

0.4 0.6 2 4 6 8
Duty cycle, D Voltage gain, G
(a) (®)
Hinh 6: Puodng cong so sanh: (a) B¢ loi; (b) Pi¢n ap dat khoa cong suét

Bang 2 trinh bay so sanh giita cdu hinh dé xuat véi cac cdu
hinh DC-DC ting 4p khac. Vi cing mot hé s6 cong tac D cua
khoa ban dan tich cuc, do loi dién ap cta cAu hinh dé xuét cao
hon céu hinh ting 4p truyén théng va cdu hinh [11] (trong
khoang D>0.5), dugc biéu dién ¢ hinh 6(a). Do loi nay thip
hon so v6i cac cu hinh [10], [12], [5] nhung s6 lugng linh
kién lai it hon. Cy thé, cau hinh dé xuat it hon mot khoa ban
dan tich cuc so véi cAu hinh [5]; it hon mdt diode so véi cAu
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hinh [10], [5] va it hon hai diode so véi cu hinh [12]. Cung
véi d6, sb lwong linh kién thu dong cua céu hinh d¢ xuét cing
it hon cac cau hinh nay. Céu hinh dé xuat sir dung it hon mot
cudn day so véi cau hinh [12]; it hon mot tu dién so voi ciu
hinh [10], [12] ddng thoi it hon hai ty dién so vdi céu hinh [5].

Ngoai ra, cau hinh dé xuit co tinh chdt CG nham giam dong
10, d& dang trong viéc diéu khién va do dac. Hinh 6(b), 7(a),

7(b) biéu dién duong cong so sanh tong gié tri dién ap dit trén

linh kién cua cac cAu hinh véi cung d¢ loi dién ap ngd ra. Gia
trj dién ap dat trén khoa cong suét S ciia ciu hinh dé xuat bang
v6i cac cau hinh truyén thdng, [9], [11] va [12]; cao hon so
v6i cac cau hinh [10], [5] duoc biéu dién & hinh 6(b). Nguyén
nhan 1a do cac cu hinh de xudt, [9], [l 1]va[l2] co tong dién
ap dat trén khoa cong suat tich cuc bang véi dién ap ngd ra.
Trong khi d6, gi4 tri nay cua cdu hinh [10], [5] 1an luot gip
[1/(D*-2D+2)] lan va (3-2D)/(3-D) lan dién ap ngd ra.

Bing 2: So sanh céu hinh d& xuét véi cac cdu hinh DC-DC ting ap khac

Chu hinh 1;;?,;2:;“ Nghi[égl} ctru Ngh[if:(l)l]cl'ru Ngh[i;“:lll]cl’ru Ngh[ilé;]cl’ru Nghi[é;]1 ciru P2 xudt
Khoa S 1 1 1 2 1 2 1
Diode 1 3 4 3 5 4 3
Cudn day 1 2 2 2 3 2 2
Tu dién 1 2 3 3 3 4 2
G=VoV  1/(1-D) 1/(1-Dy? (D/z-lz_g;z) U[D(1-D)]  2/(1-DY /g:giz 1/(1-Dy?
Vs1/Vin 1/(1-D) 1/(1-D)? 1/(1-Dy? 1/(1-D) 2/(1-D)y? 1/(1-D) 1/(1-Dy?
Vs2/Vin - - - /D - (2-D) -
/(1-D)>
Vo1/Vin 1/(1-D) 1/(1-D) 1/(1-D) 1/(1-D) 1/(1-D) 1/(1-D) D/(1-D)?
V2! Vin - 1/(1-D)y? D/(1-D)* 1/D D/(1-D)* 1/(1-D) 1/(1-D)
Vb3l Vin - D/(1-D)? 1/(1-D)? 1/D 1/(1-D)? 2/(1-D)y? 1/(1-D)?
Voa!Vin - - 1/(1-D)> - (5-2D) 2/(1-D)? -
/(1-D)>
Vos/Vin - - - - 2/(1-D)? - -
Vei/Vin 1/(1-D) D/(1-D) 1/(1-D) 1/(1-D) D/(1-D) 1/(1-D) 1/(1-D)
Vca! Vin - 1/(1-D)? (-1 1/D 1/(1-D) 1/(1-D) DI(1-D)>
/(1-D)>
Ves!Vin . (D/z-lz_g;z) 1D 2/(1-DY? 2/(1-D) ;
v - : : e
CG co co co khong co co co
S —cor — 2 U — truyén thng nhu hinh 7(a). Cdu hinh dé xuét va truyén thong
— {10y = oposea o el et c6 dién ap dat trén tu bang voi dién ap ngd ra. Trong khi do,

[11] 1]

5}
=3

wn

wn

7

2 4 6 8
Voltag(e %am, G

Diode voltage stress, ViV .,

wn =)
()
IS
a
]

Capacitor voltage stress, V/Vi,.

<
E)

—
=)

10
Voltage gain, G
&
Hinh 7: Budng cong so sanh dién ap dat (a) Tu dlen (b) Dlode
bién ap dat trén tu dién cua chu hinh dé xuét thap nhét
trong cac cau hinh so sanh, bang véi ciu hinh DC-DC ting 4p

gi4 tri nay cua cac cau hinh [9], [10], [11], [12] va [5] lan luot
gip (1-D*D), [(2-D)(D>-2D+2)], (2-D), [(3-D»/2], (7-
5D)/(3-D) lén dién ap ngd ra. Bén canh do, dién ap dat trén
diode cta cau hinh dé xuét ciing thip hon céu hinh [10], [12];
béng voi cdu hinh 9], [5; chi cao hon céu h1nh truyén thong
va [11] duoc biéu dién ¢ hinh 7(b). So sanh c4u hinh dé xuat
v6i cAu hinh [9] c6 cung sb luong linh kién, cung d¢ loi dién
ap thi hai cdu hinh c6 dién ap dat trén khoa S va diode tuong
duong, tuy nhién cu hinh dé xuét c6 téng dién ap dat trén tu
dién thap hon c4u hinh [9].
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4. Phan tich tin hi¢u nhé va diéu khién vong
kin cau hinh dé xuat

Phan tich tin hiéu nho s& dugc tién hanh dua trén hai trang
thai hoat dong ctia cdu hinh dé xuat v6i cac gié tri dién tro noi
rit, 72 cua hai cudn cam Ly, L. Tu phuong trinh (1), (2)
phuong trinh gid tri dién 4p trung binh trén cac cudn cam va
dong dién trung binh trén cac tu dién dugc trinh bay nhu sau:

an

C e, (1-d)-
71 l
?dt

Gia st tin hiéu trung binh trong mét chu ki déng cét ¥ bao
gdbm mot thanh phan tin hiéu DC 13 X va m6t thanh phén tin
hiéu nho AC 1a ¥. Khi d¢6: ¥ =X +X véi X << X . Khi 4o,
phuong trinh (11) dugc trinh bay lai nhu sau:

LI‘WL%) W, +9,)-(,, +1,)n,

-V, +7.)(1-D-d)
QW: V, +9)D+d)-(Ve, +7,,)

-1, +fL2)rL2 (12)
C/@:_ah+fL2)(D+c?)-(10+7o)

+(I, +i,)1-D-d)
CZ%_U +1,)1-D-d)-(I,+1)

Luot bé cac thanh phan bac cao ¢ gia tri nho cua phuong
trinh (12). H¢ ma tran trang thai (state-space) cta h¢ thong
duogc bieu dién nhu phuong trinh (13).

i i,
1o o o™ [0 01 12| (13)

VC, G

¥, 7.

Vi tin hi¢u ngd ra cua hé théng 1a dong dién cudn cam L va
dién ap ngd ra V..

Duya vao thong sé hoat dong ctia ciu hinh & Bang 3 va ma
trén trang thai cua hé théng (15), phuong trinh ham truyén
vong diéu khién trong Gi(s) va vong diéu khién ngoai Gyi(s)
dugc tinh toan tai phuong trinh (16) va (17).

Céu hinh dé xudt dugc didu khién s dung hai bo didu
khién PI v6i vong diéu khién ngoai didu khién dong dién cudn
cam L theo dién ap ngd ra ¥, va vong diéu khién trong diéu
khién do rong xung D theo dong dién cudn cam L;. So dd diéu
khién dugce biéu dién & hinh 8.

g Ak Ty g i T KA TS G [T
ir; Vo

Hinh 8: So dd diéu khién vong kin cAu hinh dé xuit

Tir phwong trinh (16), biéu d6 Bode vong hé ctia vong didu
khién trong Giq (s) duge biéu dién ¢ hinh 9. C6 thé thay, do du
trir bién va do dit trir pha déu duong, tuy nhién tan sb cit co
gia tri cao tai 1.88x10*Hz. Do d6, mot by diéu khién PI duoc
thém vao nham giam bang thong ctia hé thong. Dau ra ctia bo
diéu khién PI dugc dinh nghia:

+ Ej e(s)

y(s)= (kp

Trong do: y(s) la dau ra cua bo dleu khlen PL e(s) 1a sai s6
gilta gid tri tham sO va gia tri hoi tiép can diéu khién; k,, ki 1an

luot 12 hé sb ty 1€, tich phan cia bd diéu khién.
Bode Diagram
Gid(s): Gm = Inf, Pm = 89.9 deg (at 1.88e+04 Hz)
) PIZ Gid(s): Gm = Inf, Pm =97.1 deg (at519 Hz)
—Gid(s)
= PI2(s)
—— PI2(s).Gid(s)

(14)

o
2

Magnitude (dB)
-

‘ / |

i

Phase (deg)
& A -
2 h o &
& '

-135 el MR I BN R NN, SR
10' 10* 10°
Frequency (Hz)

Hinh 9: Biéu d6 Bode vong diéu khién trong

Sau khi thém véo vong diéu khién trong bo diéu khién P12
voi thong s6: kp2=0.01, kp=1; biéu dd Bode vong ho cua hé
thdng PI2.Gi(s) dugc trinh bay & hinh 9. Bing thong ctia hé
thdng da dugc giam xudng 519Hz dong thoi, van giir duge do
dy trlr bién va do du trit pha 1a +oo va 97.1°. Khi nay, ham
truyén vong kin cta vong diéu khién trong duoc dinh nghia la
ham G(s).

Dua vao phuong trinh (17), biéu dd Bode vong hd cua
vong diéu khién ngoai G.i.G(s) dugc biéu din & hinh 10. C6
thé théy, hé théng ¢6 do du trir pha va d6 du trit bién déu am:
Gm=-0.747dB, Pm=-1.77°. Sau khi thém b diéu khién PI1
v6i thong s6: k1=0.005, ki1=0.1; d¢ du trir bién va do du trir
pha cua hé théng da duoge cai thién: Gm=45.2dB tai tan s
862Hz va Pm=89.3° tai tin sb cit 0.546Hz nhu hinh 10. Hé
thong thoa diéu kién 6n dinh theo tiéu chuan Bode.

Bode Diagram

Gvi.G(s): Gm =-0.747 dB (at 866 Hz), Pm = -1.77 deg (at 902 Hz)
PI1.Gvi.G(s): Gm = 45.2 dB (at 862 Hz), Pm =89.3 deg (at 0.546 Hz)

Gvi.G(s)
s = PI1(s)
g 0 \/\ = PI1(5).Gvi.G(s) |

107" 10" 10! 10 10°

Frequency (Hz)
Hinh 10: Biéu db Bode vong diéu khién ngoai
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_dlz | Tu 0 (1-D) 0 E
dt L L, . | L,
di, D D-1||"m| | v,
—_—2 0 — 4 1 L
@ = P SRR AT N ) (15)
dv,. (i-py -D 1 1 |7 0 Ay -1
dt C, C, CR  CR |y, 0 C,
dv,., o (@-D [ AL,
Ldt ] | C, C,R  C,R| | C ]
V, =0 _1.183x10° x5* +1.086x10° x s* +1.128x10” x5 +7.637 x 10"
sz(s)_ 4 3 7 2 9 13 (16)
d st +633.75° +1.405x107 x s> +5.353x10” x5 +3.998 x 10
5V, =0 14675 +2.24x10* xs* —=1.077x10" x s +2.233x 10"
G,(s)=3 = 3 2 6 9 (17)
i, 57 +917.45° +9.533x10° x s +6.454 x10

T i) ()

Hinh 11: Kétrqué mb phong khi mach hoat déng & ché d6 vong kin véi dién
ap ngd vao co dinh: (a) Dién dp ngd vao, ra; (b) Dong dién cudn cam; (c)
Dién ap dat trén linh kién cong suat
Hinh 11 trinh bay két qua mé phong khi mach hoat dong &
ché do vong kin, véi gia tri dién ap ngd vao 1a 70 V va gia tri
dién ap ngd ra cb dinh ¢ 200 V. Gia tri dién 4p trung binh ngd
ra xap xi 200 V véi gia tri o gon dién 4p 1a 0.82 V nhu hinh
11(a). Gia tri do gon la 0.41% dép ung gia tri do gon dién ap
t6i da tinh toan ban dau y% = 2%. Gia tri dong dién trung binh
cudn cam L, Ly 1an luot 14 2.9 A va 1.7 A véi d6 gon 0.58 A
(20%) va 0.3 A (17.6%) nhu hinh 11(b). Cac gia tri do gon
nay déu dat yéu cau d6 gon dong dién ti da khi tinh toan ban
d4u x% = 40%. Hinh 11(c) trinh bay dang séng va gia tri dién
ap dat trén céc linh kién ban dan, dién ap dat trén khoa S 1a
200 V, trén diode D; 12 81.8 V, diode D> 1a 118 V.

Hinh 12 trinh bay két qua mé phong khi mach hoat dong
& ché do vong kin. Gia tri dién 4p ngd ra c¢b dinh 200 V, dong
thoi gia tri dién ap ngd vao dwoc thay doi & cac muc 70 V,
100 V, 120 V nham kiém chtng hoat dong cia cac bo diéu
khién. Dién ap ngd ra duoc giit xap xi 200 V, c¢6 d6 vot 16 16n
nhat 13 7.5% v&i 6 gon dién ap 16n nhit 13 0.83 V nhu hinh
12(a), 12(b). Dong dién cudn cam L; ¢6 gié tri trung binh lan
luot 14 2.91 A tai Vin =70 V, 2.03 A tai Vi, =100 V va 1.68 A
tai Vin =120 V; vo6i gia tri d6 gon 16n nhét 12 0.55 A. Trong
khi do, gia tri trung binh cua dong dién cuén cam

L 1a1.71 A tai Vin =70 V, 1.42 A tai Vi, =100 V va 1.3 A tai
Vin =120 V; v6i d6 gon 16n nhit 12 0.31 A. Thoi gian déap tng
ctia dién 4p ngd ra va dong dién cudn cam L; 1a 0.6s. Tién
hanh thay d6i tai ¢ hai mirc 150 Q va 200 Q dong thoi, giir
gia tri dién 4p ngd vao cb dinh 1a 100 V dé kiém chung kha
ning hoat dong ctia bo diéu khién khi thay doi tai. Hinh 12(c),
12(d) trinh bay két qua mé phong thu duge. Dién ap ngd ra co
gia tri trung binh 196 V, d6 gon 0.68 V vdi d vot 16 cao nhét
9.7%.

— .
i — —
iy — _
-
- @ ° = (b)
e AT —_—

Hinh 12: Két qua md phong khi mach hoat déng & ché d6 vong kin: Dién ap
ngd ra, dong dién cudn cam khi (a) Tang dién ap ngd vao; (b) Giam dién ap
ngd vao; Pién ap ngd ra, dong dién trén tai khi (c) Tang tai; (d) Giam tai

6. Két qua thwe nghiém

MO hinh thyc nghiém dugc xay dung nhu hinh 13 dé kiém
chimg hoat dong cuia cdu hinh quadratic DC-DC ting ap dé
xuét véi thong s6 hoat dong nhu bang 3. Vi diéu khién duoc
sir dung 1a DsPIC30F4011 dé tao xung kich cho khoa cong
suit S va thuc thi cac bo didu khién PL. Gia tri dién ap ngd ra
va dong dién cudn cam L; dugc thu thap thong qua cau phan
ap va IC ACS712-20A véi tan s6 lay mau la SkHz.

Hinh 14 trinh bay két qua thyc nghiép khi mach hoat dong
& ché do vong ho véi gia tri dién ap ngd vao 1a 48 V, tai dién
tr& thudn 200Q va chu ki cong tac D=0.5. Gia tri dién ap trung
binh ngo ra 1a 188 V hinh 14(a), v&i gia tri d6 gon dién &p l1a
1.05 V (0.55%). Cac gia tri dong dién trung binh cudn cam L,
Ly 1an lugt 12 3.71 A va 1.86 A véi do gon 0.42 A (11.3%) va
0.3 A (16.13%) nhu hinh 14(a).
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[y | Oscilloscope |

e ;“f

Hinh 13: M6 hinh thyc nghiém cta cAu hinh d& xuét

Béng 3: Thong sb thuc nghi¢m céu hinh dé xuét

Thongsé | Kihigu | GiA tri
bién ap ngd vao Vin 70-120 V
DPién 4p ngd ra Vo 200 V
Cong suat ngd ra P, 200 W
Tan s6 chuyén
mach f 50 kHz
Tan s lay mau Seample 5kHz
Tai thuan tré R 150-200 Q
L1=1 IIlH, }"L1=0.2 Q
Cudn day Ly, Ly (x%=40%)
L>=3 mH, r,=0.3 Q
Ci=47 pF, 400 V
Tu dién Ci, G (%=2%)
=22 pF, 400 V
C3M0040120D,
MOSFET s 1200 V, 66 A
. 3 x DSEI 60, 1200 V,
Diode Dy, Dy, Ds 52 A
‘ IL,[].A/divj " ' ' IL,[lA/div:] 7 .

,[50V/div] : ¥, [50V/div]|
! : k Vos[100V/div]
n Vi [20V/div] {n e 255 M | i
oL | : !
CR1[ 1,00 A CuchZ So0mA M 16008 A Chd L 176V B IR Y Y- T LB Ous A Chd 178V
WIE 20.0V  Chd[ 50.0V . L ®W00Ychdl 50.0V
(a) TekSton L : (b)
IL,[IA/di\;j

—p

| Viapr [50V/div]
: i

bk L e

| Vit pa[SOV/div]
—_ }_ i -

o i
Ch1| 1.0 A CPA@GETL 100 A 4M 10,048 A Cha L 93.0V
Ch3 50.0V Ch4[ 50,0V

(©)

Hinh 14: Két qua thuc nghiém vong hé: (a) Dién ap ngd ra, dong dién cudn
cam; (b) Dién ap dat khoa S; (¢) Dién ap dat diode D, D,

Hinh 14(b), 14(c) trinh bay dang song va gia tri dién ap dat
trén céc linh kién ban dan. Dién ap dit trén khoa S 1a 188 V
(hinh 14(b)), trén diode D; 12 94.8 V, diode D, 14 93.5 V (hinh
14(c)). Gid tri trung binh dong dién ngd ra 1a 0.96 A.

Véi gia tri dién p ngd ra cd dinh 200 V tai dién tré thuan
200 Q, gia tri dién ap ngd vao dugc thay ddi & cac mirc 70 V,
100 V, 120 V dé kiém chimg d6 6n dinh cta cac bo didu khién
PI. Hinh 15 trinh bay két qua thyc nghiém gia tri d§ 16n va
dap g cua dién ap ngd ra va dong dién cac cudn cam. Pién
ap ngd ra duogc giit 6n dinh & 198 V ¢o d6 vot 16 16n nhét 1a
4%.

Tek Prevu I - | ek stop i —
LA I
’ vapovidiv | Pal20Vi |
Vo [50V/div]/ et \\ ¥, [50V/div]

PP WS W SRR SRS SRR R o

M [1A/div] - T[2A/d] | L [2AMY)

i

Iy[1A/div] |

i} t [T i i i i T i i i
r\'m 1.00 AQVCHZ[ 2.00 A0SM 1.00s A Chd 125V Ch1_1.00 AD3Ch2l 2.00 AWM 1.00s A Chd % 125V
20.0V _ [Chd[ 50.0V ( chz 20.0V 50.0V (b

Hinh 15: Két qua thuc nghiém vong kin dién ap ngd ra, dong dién cudén cam
khi thay d6i dién ap ngd vao: (a) Tang dién ap; (b) Giam dién ap
Frequency (Hz)

Tek Stop e — | fek Stop

[0:2A/div]

m it d : b i f ot 7 7
“J 7 1,[0.2A/div]

5()V/d1v [50V/d1v]

—_—

~

V., [50V/div], | V., [50V/div

B B

Ch1_200mA Q% M100ms A& Ch4 L 125V Chl_200mAQH M’ 0oms A Chd L 125V
ch3[ 50.0v (W 50.0¥ (a) ch3[ 50.0¥ [ 500V (b)

Hinh 16: Két qua thyc nghiém vong kin dién ap va dong dién ng6 ra khi thay
doi tai: (a) Tang tai; (b) Giam tai

Dong dién cudn cam L; ¢6 gia tri trung binh 1an luot 13 2.8
Atai Vin =70 V, 2 A tai Vin =100 V va 1.7 A tai Vi, =120 V;
v6i gid tri 6 gon 16n nhat 1 0.7 A. Trong khi do, gia tri trung
binh cta dong dién cuén cam L, 1a 1.7 A tai Vin =70 V, 1.4 A
tai Vin =100 V va 1.3 A tai Vi, =120 V; v&i d6 gon 16n nhét 1a
0.4 A. Thoi gian dap ting cua dién ap ngd ra va dong dié¢n cudn
cam L; 14 0.6-0.7s.

Tién hanh thay doi tai ¢ hai mirc 150 Q va 200 Q dong
thoi, gilr gia tri dién 4p ngd vao cd dinh 1a 100 V dé kiém
chimg kha ning hoat dong ctia by diéu khién khi thay doi ti.
Hinh 16 trinh bay két qua thyc nghiém thu dugc. C6 thé thiy,
dién 4p ngd ra giir on dinh & 198 V vai d6 vot 16 16n nhit 1a
5%.

Béng 4 trinh bay két qua mé phong va thyc nghiém khi
c4u hinh dé xuat hoat dong & ché d¢ vong kin. V&i gid tri dién
ap ngd vao thay déi, két qua thyc nghiém gia tri dién ap ngd
ra, dong dién cudn cam c6 su chénh léch so v&i mo phong.
Tuy nhién, sai s6 giira md phong va thyc nghiém khong déng
ké. Nguyén nhan la do cac thanh phan dién tré ki sinh giy nén
su chénh 1éch nay.
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Béng 4: So sanh két qua mo phong va thyc nghiém khi ciu hinh hoat déng & ché do vong kin

Vi (V) Vo (V) Iui(A) -A1u1 (A) ha(A)-45i2 (A)
Mo phéng ‘ Thuwe nghiém Mo phéng ‘ Thue nghiém Mo phéng ‘ Thuwe nghiém
70 200 197 291-0.55 2.8-0.7 1.71-0.31 1.7-04
100 199 198 2.03-0.5 2-0.6 1.42-0.24 14-04
120 200 198 1.68-0.48 1.7-0.6 1.3-0.21 1.3-03

7. Kétluan

Trong bai bao, mdt cau hinh quadratic DC-DC tang ap véi
do loi dién ap cao da duoc dé xuét. So sanh duoc tién hanh
v6i cdu hinh ting 4p truyén thdng va cac ciu hinh quadratic
DC-DC ting ap khac. Cau hinh dé xuit c¢6 uu diém vé do loi
dién 4p cao, chi c6 mot khoa ban dan tich cuc, CG va dién ap
dat trén ty dién thap. Co s6 1y thuyét va nguyén 1i hoat dong
cta cAu hinh duge phéan tich. M6 hinh thyc nghiém dugc xay
dung & cong suit 200 W, tai thuan tré v6i hai bo diéu khién
PI duogc st dung nham gilr do 6n dinh cho dién ap ngo ra. Két
qua thyc nghiém da kiém chimg duoc tinh kha thi cia giai
thuat didu khién dé xuét.

Loi cam on

Bai bao nay duogc thyc hién tai phong thi nghiém dién tu
cong suit nang cao D405 vdi sy hd tro cua dy 4n sinh vién
nghién ctru khoa hoc nam 2025 ctia Trueong Dai hoc Su pham
K¥ thuat Thanh phd H6 Chi Minh véi ma sé dé tai SV2025-
69.
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