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ABSTRACT

Single-phase boost power factor correction (PFC) are widely used in
industrial applications to improve power factor (PF) of rectifiers because
they play an important role in improving the efficiency of battery
charging systems, especially in optimizing the Power Factor and
reducing energy consumption. In this paper, small signal analysis of
PFC circuit is detailed to present relationship between output load current,
AC input current and duty ratio of semiconductor device. Under this
approach, series resistors of inductor and capacitor, drop voltages of
semiconductor devices are considered in small-signal model. Transfer
functions of PFC have been investigated based on small-signal models.
Parameters of proportional-integral (PI) controllers are presented to control
average value of output current and power factor of AC input source.
Operating principle, component selections are also presented in this paper.
Simulation results for RE load are introduced to verify the PFC circuit in
battery charger applications. A 100-W laboratory prototype with resistive
load is built to validate the proposed controllers.
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TOM TAT

Mach hiéu chinh hé sb cong sudt (power-factor correction — PFC) mot pha
dang dugc st dung rong réi nhdm cai thién hé s6 cong sult ciia mach chinh
luu bédi vi chung déng vai trd quan trong trong cai thién hi¢u sult cua hé
théng sac binh ac quy, dac biét la trong viéc t8i uu hoa hé ) cong sult PF
va giam sy ti€u hao nang lugng. Trong bai bao nay, phan tich tin hi¢u nhé
cho mach PFC dugc trinh bay nhim xac dinh mdi quan hé giita cac dai
luong dong dién tai, dong dién ngd vao va cac thong sb diéu khién mach
PFC. Theo do, cac thanh phan ky sinh trén cudn day, tu dién va dién ap ciia
cac linh kién ban dan duoc xem xét trong mé hinh tin hi¢u nho. Dya vao
cac két qua phan tich tin hi¢u nhd, ham truyén cua mach PFC duoc thanh
lap. Tir @6, cac bd diéu khién khuéch dai tich phan (proportional-intergral
— PI) dugc lya chon nhiam diéu khién dong dién trung binh trén tai va hé s6
cong suét phia nguén AC. Céc phéan tich vé trang thai hoat dong, tinh toan,
lya chon linh kién ciing dugc trinh bay trong bai bao. Cac két qua md phong
cho tai RE dugc trinh bay nhdm budc dau kiém chimg tinh kha thi cia
mach PFC véi ting dung sac binh acqui. M6 hinh thuc nghiém 100-W véi
tai dién tro ciing dwoc trinh bay nham kiém chimng tinh kha thi ciia cac bo
diéu khién.

Doi: https://doi.org/10.54644/jte.2024.1496

JTE, Volume 19, Issue 05, October 2024


mailto:jte@hcmute.edu.vn
mailto:tridd@hcmute.edu.vn
mailto:tridd@hcmute.edu.vn
https://doi.org/10.54644/jte.2024.1496
https://orcid.org/0009-0003-4093-2021
https://orcid.org/0000-0001-7135-5077
https://orcid.org/0000-0002-5151-5771
https://orcid.org/0009-0005-0293-4880
https://orcid.org/0009-0000-0989-8062
https://orcid.org/0000-0002-4096-5208
https://orcid.org/0009-0003-4093-2021
https://orcid.org/0000-0001-7135-5077
https://orcid.org/0000-0002-5151-5771
https://orcid.org/0009-0005-0293-4880
https://orcid.org/0009-0000-0989-8062
https://orcid.org/0000-0002-4096-5208

JT E TAP CHi KHOA HQC GIAO DUC KY THUAT
Truong Pai hoc Su pham Ky thuat Thanh pho H6 Chi Minh

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

Copyright © JTE. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution-NonCommercial 4.0
International License which permits unrestricted use, distribution, and reproduction in any medium for non-commercial purpose, provided the original work is
properly cited.

1. Gioi thigu

Ngay nay, cac (mg dung duoc cung cap bai nguon dién DC dang dugc chu trong phat trién nhu:
chiéu sang sir dung den LED, xe dién, sac acqui, bién tan, v.v... Trong d6, v6i sy phat trién cta xe dién,
cac bd sac acqui la rt can thiét. Céc bo sac acqui trong céc tng dung xe dién doi hoi phai dugc thiét ké
v6i mat do cong suat cao, kich thuéc nho, hiéu suat cao nham tich hop trén xe dién [1], [2]. Ngoai ra,
céc bo sac phai dam bao hé sb cong suét (power-factor-PF) phia nguén AC cao dé khong anh huéng dén
hoat dong cua luoi dién AC. Cac b chinh luu sir dung cac diode/SCR truyen thdng c6 cau trac don gian
va dé dang diéu khién. Tuy nhién, cic cau hinh nay c6 hé s6 cong suat thap. Pic biét trong truong hop
sir dung tu loc ngd ra c6 dién dung l6n dé 1am phang dién ap DC trén tai. Nham cai thién hé s6 cong
suét ctia cac mach chinh luu, cac mach chinh luu tang ap hi€u chinh hé ) cong suét (power factor
correction — PFC) dugc dé xuat dé thay thé cho cac cau hinh chinh luu truyén théng.
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Hinh 1. Cdc cdu hinh PFC: (a)Totem pole PFC, (b) bridgeless PFC, (c) semi-bridgeless PFC.
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Céc cdu hinh PFC mot pha thong dung c6 thé ké dén nhu: Totem-pole PFC, bridgeless va semi-
bridgeless [3]-[6] nhu bleu dién ¢ hinh 1. Cau hinh Totem pole PFC duogc sir dung trong cac ing dung
doi hoi cong suat truyén tai hai chleu AC-DC va DC-AC. Trong c4u hinh nay, bon khoa ban dan tICh
cuc duge su dung tao thanh két ndi ciu H truyén théng [3]. Trong cac timg dung yéu cau cong suét truyen
tai mot chidu tir nguén AC sang dién ap DC trén tai, hai diode dugc sir dung thay cho hai khoa ban dan
phia trén ctia mach Totem-pole PFC, hinh 1(b) [4] — [6]. Dong dién tham chiéu ctia cudn day trong cau
hinh Totem pole PFC va bridgeless PFC 1a tin hiu dang sine, vi cudn day dugc két ndi tryc tiép voi
nguon AC ngd vao. Do d6 cic bo diéu khién khuéch dai cong huong (proportional resonant — PR) c6
thé duoc sir dung dé diéu khlen dong dién trén cudn day. Xuat phat trr cau hinh bridgeless PFC, hai
diode dugc thém vao dé tao ra ciu hinh semi-bridgeless PFC, nhu biéu din ¢ hinh 1(c). Trong cau hinh
nay, cac diode dugc thém vao gitp két ndi diém “-” cia dién ap trén tai dén dién 4p phia ngudén AC.
Trong c4u hinh semi-bridgeless PFC, hai cuén day duoc sir dung dé ting cudng dién ap ngd ra. Cau
hinh nay tuong duong vé6i hai cdu hinh DC-DC ting ap. Do d6, dong dién trén cudn ddy s& c6 dang song
1a gia tri tuyét dbi cua tin hiéu sine. Khi nay, cac bo diéu khién khuéch dai tich phan (proportional
integral — PI) dugc st dung dé diéu khién dong dién cudn day [7], [8].

L D

R

Hinh 2. Cdu hinh PFC mét pha ting dp

Céc cAu hinh PFC néu trén st dung kha nhiéu khoa ban dan tich cuc (> 2 khéa ban dan) tir d6 1am
tang chi phi ciing nhu giam tinh 6n dinh cta hé thdng. Bén canh cac ciu hinh nay, ciu hinh PFC ting
ap mot pha truyén thong (hinh 2) van duoc sir dung rong rii vi cac wu diém sau: 1) it khéa ban dan tich
cuc, 2) dé dang diéu khién [9]. Cu thé nhu sau, cau hinh PFC ting ap truyén thong str dung it hon 1 khoa
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ban dan tich cuc so v6i cau hinh bridgeless PFC va semi-bridgeless PFC va it hon 3 khéa ban dén tich
cuc so v6i cdu hinh Totem-pole PFC. Tuy nhién, ciu hinh nay sir dung thém mot mach cau diode dé két
nbi dién ap AC ngd vao va mach DC-DC ting ap phia ngd ra. C6 rat nhiéu cong bd vé phan tich tin hiéu
nho cho ciu hinh nay [10], [11]. Tuy nhién, cac nghién ciru nay chi xem xét ham truyén ciia hé théng
véi gia dinh cac linh kién dugc st dung khong c6 dién trd ky sinh cling nhu dién ap dat trén linh kién
ban dan.

Bai bo nay trinh bay phén tich tin hidu nhé cho ciu hinh PFC ting 4p mot pha truyén thong. Khac
vdi cac nghién ctru trude do, cac thanh phﬁn dién trd ky sinh ctia cudn day va tu dién ciing nhu dién ap
roi trén cac khoa ban dan duoc xem xét trong bai bdo nay. Dua vao md hinh tin hi€éu nho, ham truyén
cua hé théng duoc thanh lap. Tu d6, thong sb cua cac bo diéu khién PI tuong ung dugc lya chon nham
diéu khién dong dién ngb ra trén tai va dong dién ngd vao AC. Vi phuong phap diéu khién d& xuét, bo
chinh luu PFC tang ap thich hop cho cac img dung sac acqui. Két qua mo phong voi tai RE va m6 hinh
thyc nghiém voi tai thuan tré co cong sudt 100(W) duoc str dung dé kiém chimg tinh dung din cua giai
thuat. Phan con lai cua bai bio gdm 5 phan. Nguyén 1y hoat dong va lwa chon linh kién cho mach PFC
duoc trinh bay trong phén 2 va 3. Phan tich tin hi€u nho va lya chon thong s6 bo diéu khién duge trinh
bay trong phan 4. Két qua mo phong va thuc nghiém dugc trinh bay trong phan 5. Phan 6 trinh bay két
luan cua bai bao.

2. Cau hinh va nguyén ly hoat dng ciia mach PFC mét pha ting ap

Céu hinh PFC mét pha ting 4p bao gdm mdt mach chinh lwu ciu mot pha duoc cp ngudén AC va
mot mach DC-DC tang ap truyén théng, nhu hinh 2. Mach DC-DC duoc ciu tao tir mdt cudn day L, mot
tu dién C, mot khoa ban dan diéu khién toan phﬁn S va mot diode D. Dién tro ky sinh ctia cudn day va
tu dién 1an luot 13 r_ va rc. Ngd ra ciia mach PFC duoc két ndi véi tai E c6 tro khang ky sinh re. Tai RE
dai dién cho pin acqui trong ing dung sac acqui. Nguyén 1y hoat dong ctia mach PFC néu trén duoc
phan tich dira trén hai trang thai kich dan va kich ngit ciia khoa S, duoc biéu didn nhu hinh 3.

@ (b)
Hinh 3. Nguyén Iy hoat déng ciia cau hinh PFC: (a) ché do 1, (b) ché dj 2

Trong ché d6 1, duge biéu dién ¢ hinh 3(a), khoa S dugc kich dong va diode D phan cuc nguoc.
Cudn day L tich trir nang luong tir nguén Vde. Bén canh d6 tu dién C duy tri hoat dong lién tuc cung c?ip
dién cho tai DC phia ng6 ra. Luu v, Vgc 12 ngo ra ctia by chinh luu cAu mot pha, Vce la dién ap dat trén
khoa S khi dugc kich dong. Phuong trinh dién ap ctia cudn day L va dong dién cua tu dién C duoc biéu
dién nhu sau:

di,

= Ld_ =Vge —Vee — LI
. \ .
sz%fzﬂE
Trong ché d6 2, hinh 3(b), khoa S dugce kich ngit, diode D phén cyc thuan. Khi nay, nang luong tich
trit trong cudn day & ché do 1 va ngudn Vg nap ning luong cho tu dién C va cung cap nang lugng cho
tai. Dién ap cua cudn day va dong dién cua tu dién dugc tinh toan nhu sau. Luu y rang mach duge thiét
ké dé hoat dong o ché @6 dong dién lién tuc ctia cudn day L.

(M
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di . .
VLZLd_tL:Vdc_Vc_VF_rLlL_rc(lL_lE)
)
. dve . .
|C=CE=|L—|E

Trong do, Vr 1a dién ap phan cuc thuén cua diode D.
3. Lwa chon linh Kkién
3.1. Lwa chon cugn day va tu dién

Gia sir cac thanh phan dién tro ky sinh trén linh kién o gia tri rat nho va c6 thé bé qua. Trong mdi
chu ky chuyen mach T, khoa S dugc kich dong véi hé sb cong tac d. Khi nay, thoi gian tac dung cua che
d6 1 va 2 1an lugt dwoc xac dinh: dT va (1 - - d)T. Tuong ty nhu mach DC-DC tang ap truyén thong, mdi
quan hé gitra dién 4p ngd ra Vo(w?) va hé sb cong tac d(wr) ctua khoa S duoc xac dinh nhu sau:

Vaelh) _[Veu S| gy - Voo singan)| 3)
1-d(wt) 1-d(wt) ( wt)

Trong d6: T, VA e 1an luot 1a dién ap dinh va tan s goc cua dién ap AC ngd vio.

Vo (a’t) =

Do gon song dong dién qua cudn diy Aiy(wr) trong mdi chu ky chuyén mach T dugc tinh theo cong
thtrc sau:

i (o) = Yeel)A(OD) _ [V Sin(et) |, {1_ [V SIN(t) '} (4)

Lf Lf Vg (at)
Trong d6: f 14 tan s6 chuyén mach.
Gia sir, dién dung tu dién C dugc thiét ké du 16n dé dién ap ngd ra 14 hang s6 Vo(w?) = Vo. P gon
song dong dién qua cudn day L dat gia tri cuc dai tai wz = /2 va dugc xac dinh nhu sau:

. Vv
AIL,max — ac(\\//OLf ac) (5)

Cuon day L duoc lya chon sao cho Aip max < Y%l peak, trong d6 y% la gid tri cho phép 16n nhét ctia do
gon song trén cudn day. Khi nay, cudn day L dugc xac dinh nhu sau:

> Oac (VO — \7ac

- y%vof X IL,peak (6)
Tu dién ngd ra dugc lya chon nhu sau [12]:
P
C>—96 7
oG~V ) @

Trong d6: Po 1a cong suit ciia mach PFC; fo 13 tan s6 dién 4p AC ngd vao; Vomin 12 gia tri thip nhat
cua dién ap DC ngo ra. Thong thuong, Vo min khong nhé hon 90% gia tri Vo.

3.2. Lwa chon linh kign ban déan

Mach PFC duoc thiét ké voi cong suit Po c6 dong dién dinh ngd vao phia AC, 1., dwoc xac dinh

nhu sau:
i\ac = ZPO /\7ac (8)

Céu diode dugc thiét ké voi dién 4p dat va dong dién dinh mitc khong nhé hon dién ap dinh AC, Dg,
va dong dién dinh AC, {4.. Khoa ban d?lq S V%l diode D cuia mach DC-DC tang ap dugc thi€t ke vdi dién
ap dinh bang dién ap ngd ra cia bd chuyén doi Vo va dong dién dinh bang dong dién dinh AC phia ngo
Vao, I,.
4. Phan tich tin hiéu nhé va lya chon b diéu khién

Gia tri trung binh cta dién 4p cudn day L va dong dién cua tu dién C trong mdi chu ky T duge xac
dinh nhu sau:
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di 7 0)—r T -v.(A-d)-r. (i —)a—-a

L =V ~Veed Ve (0=0) -1 i, % (1= d) e (i ~)(A-d)

i ©)
c“'ditcﬂ(l—c?)—i;

Trong d6, X dugc xéac dinh 1a gia trj trung binh trong mdi chu ky T cua tin hiéu x.
Gia st rang ¥ = X + %, trong d6 Xvax 1an Iuot 1a thanh phan DC va thanh phan AC ciia ¥ VA ¥ <
X. Khi nay, phuong trinh (9) dugc viét lai nhu sau:
d(l_+i, ~ ~ T - . T
LA - v, +0,) Ve (0+8) -V - D-0) 1 (I, +7) - (Ve +9)-D~d)

(I, +i, =1 -i.)1-D-d) (10)

CW:(IN{)(&D—G)—IE i

Phuong trinh AC ciia (10) duoc biéu dién nhu sau. Luu ¥, cac thanh phan bac cao trong phwong trinh
(10) 6 gié tri rat nho va c6 thé bo qua. Vi dy, thanh phan ¥.d 14 thanh phan bac 2 c6 bién d6 khong
dang ké so véi cac thanh phan bac 1 1a ¥ va d nén dugc lugt bo trong phuong trinh AC.

dltL =Lsi, =V, —[r, + 1. 1= D)Ji, +[V, +Ve =V + 1. (I, =1.)]d +r. (1 D)i. —(1— D)V,
11
dve . ~ . (11)
CE ZCSVC :_I'-d +(1_ D)IL —le

Dé diéu khién ciu hinh PFC, ham truyén G, (s) = iz /T, V& G,(s) = 1, /d dugc thanh l4p nhu sau:

v, =0 _ _

Gl(s) L—E de :ILLS+BIL A(l D) (12)
I Ve = r.1,1-D)-A
i v,.=0 - _

GZ(S)ZI_ENdC — A rCIL(l D) : (13)
dV.=0 Ls+B-r.(1-D)

Bang 1. Thong s6 mé phong va thiee nghiém

Thanh phén Ky higu Giatri
bién ap ngd vao Vac 24-VRuis
bién ap acqui, dién ap ngd ra E, re 48V 200Ah Lithium-ion MBK, 48(V), 30 mQ
Tan sb vac fo 50 Hz
Tan sé chuyén mach f 15 kHz
Cong suit ngd ra Po 100 W
Cudn day L 2mH, 0.15 Q
Tu dién C 4.8-mF, 50-mQ
Khoa S S FGL40N120AND, 1200 V, 40 A, Vce = 2.6 V
Diode D D DSEI60-12A, 1200V, 60 A, Ve =25V

KBU1010, 1000 V, 10 A
ACS712,5 Vpc, 20 A

Cau diode mot pha -

Cam bién dong -

Thong s‘é hoatqd(f)ng cua mach PFC duoc lié‘g ké glhu bang 1. So dd di‘éu khién cAu hinh PFC bao géfn
hai vong diéu khién, dugc mé ta nhu hinh 4. Biéu d6 bode cua ham truyén G1(s) va G(S) dugc biéu dién
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nhu hinh 5. C6 thé théiy réng, khi chua str dung cac bd diéu khién PI, hé thé)ng on dinh theo tiéu chuin
bode vi 6 du trit bi€n va 0 dy trit pha cta hai ham truyén déu duong. Tuy nhién, bode bié€n cua ham
truyén Gi(S) & ving tan sb thap rat nho, khoang -7.24(dB) tai tan s6 0(Hz). Do d6, hai bo diéu khién PI
dugc sir dung dé tang cudng bode bién ctia hai ham truyén vong hd. Ham truyén ciia bo diéu khién PI(s)
(j =1, 2) dugc biéu dién nhu sau:

k.
PI, () =k, +% (14)

Trong d6 kej va kij 1an Tuot 1a hé s6 ti 18 va do loi tich phan ciia bd diéu khién PIj(s).

Hé s6 ti 1¢ k1 va d loi tich phan ki1 ciia bo diéu khién PI; dugc Iya chon 1a 0.001 va 50. Khi nay,
tan sb cit cua hé thong vong ha Ply(s)Ga(s) 1a 3.46(Hz). Do duy trit bién va d6 du trit pha cua hé thong
13 +00 va 89.5°, hé thong 6n dinh theo tiéu chuin bode. Hinh 5(a) biéu thi rang khi sir dung bo diéu khién
P1; bode bién ctia hé thong & viing tin sb thip (<3.46 Hz) duoc cai thién dang ké so voi hé théng Ga(s).
Tuong tu, bd diéu khién PI, dugc thém vao dé diéu khién dong dién cudn day L. Hé s ti 18 ke va d6 loi
tich phan ki2 cia bo diéu khién PI, duogc Iya chon 13 2 va 10. Biang thong cua hé thong vong hé Pl 2(5)Ga(s)
la 7.63-kHz. Do du trix bién va do dy trlt pha ctia Plz(s)Gz(s) dugce xac dinh 1a +oo va 90.2°, nhu biéu
dién ¢ hinh 5(b). B diéu khién dong dién cudn day on dinh theo tiéu chuin bode.

Dicu khién dong di¢n ngdra __ Dicu khién dong dién cuon day
 Vac sin(0)
PLL ] |X| £l Ve L1
E ref : . d 3
i +| IL peak v i |L,ref‘ . o P|2 qn |
; E—> - o Pll - EE > ;

Hinh 4. So dé diéu khién cho cdu hinh PFC

Gm[G1(s)] = Inf, Pm[G1(s)] = 116 deg (at 742 Hz) Gm[G2(s)] = Inf, Pm[G2(s)] = 90.2 deg (at 3.81 kHz)

Gm[PI1(s)G1(s)] = Inf, Pm[PI(s)G1(s)] = 89.5 deg (at 3.46 Hz) Gm[PI2(s)G2(s)] = Inf, Pm[PI2(s)G2(s)] = 90.1 deg (at 7.63 kHz)
60 T 100 T
40 ¢
g g Pl2(s)-Ga(s)
[} 207 @ /
g g
£ 0r =
g Pl2(s) Ga(s) & ol
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Hinh 5. Biéu do bode ciia ham truyén (a) Gi(s) va Pl1(s)Gi(s), (b) Ga(S) va Pla(s)G2(s)

5. Két qua md phéng va thuc nghiém
5.1. Két qua mo phéng

Két qua mo phong ciia mach PFC duogc thuc hién trén phan mém PSIM. Thong sé hoat dong cua
mach PFC duogc liét ké nhu bang 1. Bién ap AC ngd vao cta bd chinh luu dugc lua chon 1a 24 Vgus.
Tai RE c6 thong s6 1a 30(m) va 48(V) dai dién cho acqui 48V 200Ah Lithium-ion MBK. Cong suat
mO phong duoc lya chon 1a 100(W). Khi nay dong dién trung binh trén tai tinh toan bang 2(A). Ket qua
m6 phong cua ciu hinh PFC mét pha ting ap dwoc trinh bay nhu hinh 6 va 7. Véi cac thdng sé caa bo
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diéu khién PI dwoc trinh bay ¢ phan 4, dong dién trung binh trén tai le dugc diéu khién bang 2(A). Dang
song va gia tri trung binh cta dong dién tdi duoc thé hién & hinh 6(a) va 7(c). Bién ap ngd ra trén tai do
duoc 14 48.06(V). Bién ap trén tai co gia tri gan bang dién ap trén nguodn E vi dién tro ky sinh cua nguon
E la rat nho khoang 30(mQ). Pién ap dinh tham chiéu ctia cuon day Iy pea co giatri bang 6.34(A). Dang
song cua dong di¢n tham chiéu I.rer €6 dang gié tri tuyét dbi cuia ham sb sine voi bién do dinh bang
I peak, nhu biéu dién ¢ hinh 6(a). Nhin chung, dong dién trén cudn day duoc didu khién gan bang dong
dién tham chiéu. Gia tri hiéu dung cua dong dién trén cuon day L va dong dién ngd vao Iac bang nhau
va bang 4.58 Arus. Gia tri tong do méo dang song hai (total harmonic distortion — THD) caa dong dién
ngd vao do duoc 12 5.49%. Hé sb cong suat caa mach do dugc 13 0.998. Dién ap dit trén khoa S va diode
D c6 gia tri gan bang dién ap ngd ra, nhu biéu dién ¢ hinh 6(b). Céac két qua md phong da ching minh
rang, phuong phap diéu khién trinh bay & chuong 4 c6 thé diéu khién dwoc gia tri trung binh cia dong
dién trén tai RE véi hé s6 cong suit nguon AC cao. C6 thé két luan rang cau hinh PFC ting 4p mot pha
Vi giai thuat dé xuat thich hop cho cac tng dung sac binh acqui.

Vo [V] ]

482
48.15
481 |-
48.05 |-
48
4795

I(E) [A] IE_ref [A] IL) [A]

L) (Al IL_peak [A] fl 6 VS [V] Vo [V]
: : 40 ; I g :
o0 Nt i
0 b P R EET SETTRN

Vac [V] lac [A] VoM VeV

1.96 107 198 1.9 2 1.97496 1.975 1.97504 1.97508
Time (s) Time (s)

@ (b)

Hinh 6. Két qud mé phong cdu hinh PFC véi b diéu khién dé xuat. Tir trén xudng duwdi: (a) dién dp ngé ra Vo,
dong dién tai I, dong dién tai tham chiéu Ig ret, dong dién cudn ddy 1\, dong dién dinh va dong dién L tham
chiéu I peak V& | rer, dién dp va dong dién ngo vao Vac, lac

Freq y |5 001 HZ Time From 1.9600915e+000 Time From 1.9600915e+000
lac §.4955620e-002 Tme To 2.0000000e+000 Time To 2.0000000e+000
Vac vs. lac 9.9844851e-001

4 80801 001

() (®) (c)

Hinh 7. Két qua mé phong cau hinh PFC.
5.2. Két qud thec nghiém

Mo hinh thyc nghiém dugc trinh bay nhu hinh 8. IGBT FGL40N120AND va diode DSEI60-12A
dugc st dung cho khoa S va diode D. IGBT duoc diéu khién théng qua IC céach ly quang TLP250. DSP
TMS320-F28335 duoc st dung dé tao ra xung kich cho khda ban dan S va thuc thi bo diéu khién PI.
Cau diode KBU1010 dugc sir dung dé chinh Iuu dién 4p AC phia ngd vao. Cam bién ACS712-20A dugc
sir dung dé hdi tiép dong dién ngd ra va dong dién ngd vao vé mach diéu khién. Tai thuan tré 25(Q)
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duogc st dung dé kiém ching giai thuat d& xuat. Két qua thuc nghiém voi dong tai dugc diéu khién ¢ gia
tri 1.5(A) dugc trinh bay nhu hinh 9. Dién ap ngd ra trén tai duoc biéu thi nhu hinh 9(a) ¢6 gia tri trung
binh bang 42.7(V). Bién ap DC Vg phia ngd vao ciia mach ting ap c6 dang song la gia tri tuyét dbi cua
ham s sine, nhu hinh 9(a). Dang song dién ap Vac va dong dién Iac phia ngd vao ciia mach PFC duoc
biéu dién nhu hinh 9(b). Céng suét tac dung cua ngudén AC do duoc bang 112(W). Hé sé cong suit cua
mach PFC véi giai thuat dé xuat do duoc bang 0.966, nhu biéu dién & hinh 9(b). Dang song dién ap trén
khoa S, diode D va dang song dong dién qua cuon day duoc biéu thi nhu hinh 9(c). C6 thé thay rang
dién 4p dat trén cac linh kién ban din c6 gia tri xip xi dién ap ngd ra Vo. Khi khda S dugc kich dan,
dong dién qua cudn day L ting tuyén tinh. Khi ndy cudn day tich trir ning lugng tir ngudn Vee. Nguoc
lai khi khoa S duoc kich ngat, cuon day xa nang lugng va dong dién qua cudn day giam tuyén tinh, nhu
biéu di&n ¢ hinh 9(c). Cac két qua thuc nghiém da ching minh tinh kha thi cua bo diéu khién dé xuat
dugc trinh bay ¢ chuong 4.

of L e ST :
) Hie
= .
("B [
e I
80> o
S BN ]
Vac i D
s 1S 5 Vo | . W ACS712T
" GATE DRIVER 5 ELC-20A B : :
(@ (b)
Hinh 8. M0 hinh thuc nghiém (a) mat trén, (b) mat dudi
Telk prevu 290kHz Moise Filter
Vo [L0V/div]

10,0 g oo 400ms 240y 43.3154HI] P
& 00y [@mrs 15T [ e 27y | e
(a)
Tek S @ Stop MPos 2240ms  Pur. Analysis TekPrevu | [ & ]
+ : : : : :
: Vs [20VId]'V]_ N
{[5msfdiv] 4 True Power : : :
T2 7 : : :

Reactive

A SIN e
\_/VAC[ZOVIdiV]\_’//IAC[loNdiV]\_/ 29.7VAR? A AR At R R o

True Power ok y T R oo
1L [200mA/div
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P [200W/div] JEET (3 Do em——— N
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e 144727 - : :
CH3 G000 e mnSTUI-IUI-anTDUA E::IEHJ;-IBIUA BIEE;‘( ggg 3 %l FonASME8uS” AL Ch3 7 ridne
(b) (C)w—moooops

Hinh 9. Két qua thue nghiém véi dong dién tai 1.5(4)
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6. Két luan

Bai bao nay da trinh bay cac phan tich tin hiéu nho va thanh 1ap ham truyén cho mach PFC ting ap
mot pha truyén théng. Céc théng sb ciia bd diéu khién PI cing dugc lra chon dua trén cac ham truyen
da dugc phan tich. Cac két qua mo phong trén tai RE ching to rang mach PFC véi bd diéu khién d& xuat
c6 thé diéu khién dong dién trung binh trén tai. Tir d6, dat nén tang cho su phat trién mach PFC ting ap
cho g dung sac binh acqui. Céac két qua thyc nghiém trén m6 hinh 100(W) tai phong thi nghiém da
chtng minh dugc tinh kha thi ctia bd diéu khién trén thuc té.

Loi cam on

Bai bao nay dugc thyc hién tai phong thi nghiém dién tir cong su,e"'tt nang cao D405 voi sy ho tro ciia
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