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Tém tit

Bai bao trinh bay mo hinh hoa va thiét ké bo diéu khién cong huong ti 1¢ (PR)
cho bd nghich luu n6i lu6i mét pha 400Hz Gmg dung trong hé thong dién hang khong.
Vi yéu cau cao vé khéi luong, hiéu suat va chat lugng dién nang, bo nghich luu 400Hz
can dam bao dap tng nhanh va dong dau ra it méo. B9 diéu khién PR dugce su dung dé
loai bo sai sb xac 1ap va cai thién kha ning bam dong tham chiéu. Két qua mo phong
trong MATLAB/Simulink cho thay bo diéu khién PR, dic biét khi két hop voi bd bu hai
giam dang ké THD va nang cao cong suit ra so v6i diéu khién PI truyén thong. Ngudn
luGi dat dién 4p 115V, tin s6 400Hz va cong suit yéu cau, véi tong d6 méo hai (THD)
nho hon 5%, dap Gmg t6t cac yéu cau nghiém ngit theo tiéu chudn cia ludi dién hang
khong.

Tur khoa: B nghich luu ndi ludi 1 pha, cong hudng ti 1¢ (PR), diéu ché do rong
xung hinh sin (SPWM), tong méo hai (THD)

Abstract

This paper presents the modeling and design of a proportional-resonant (PR)
controller for a 400Hz single-phase grid-connected inverter, targeting aerospace power
systems. Due to strict requirements on weight, efficiency, and power quality, 400Hz
inverters must deliver fast dynamic response with low output distortion. The PR
controller is implemented to eliminate steady-state error and enhance current reference
tracking. Simulation results in MATLAB/Simulink show that the PR controller,
especially when combined with harmonic compensation, provides superior transient
response and significantly reduced total harmonic distortion (THD) compared to
conventional PI control. The grid source achieves an output voltage of 115V at a
frequency of 400Hz with the required power capacity, and maintains a total harmonic
distortion (THD) of less than 5%, effectively meeting the stringent standards of
aerospace power systems.

Keywords: Single-phase grid-connected inverter, Proportional resonant (PR),
Sin Pulse Width Modulation (SPWM), Total harmonic distortion (THD)
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Hé thong dién hang khong hién dai sir dung tan s6 400Hz thay vi 50/60Hz truyén
théng nham giam khdi lwong va kich thudc cua cac thiét bi dién nhu méy bién ap va
dong co. Theo tiéu chuan quéan sy MIL-STD-704 va DO-160 cta nganh hang khong, bo
nghich lwu can cung cip dién 4p dau ra 6n dinh. Dién 4p xoay chiéu 115/200VAC c6
tan s6 400Hz, tong méo hai thap (THD < 5%) va kha nang dap (mg nhanh véi sy thay
déi tai. [5]

Trong cac h¢ théng nghich luu ndi ludi, viéc diéu khién dong dién la mot yéu cau
quan trong dé dam bao chat luong dién ning. Bo diéu khién PI truyén thong thudng
duoc st dung do ciu tric don gian va dé hién thuc héa [5,6]. Tuy nhién, bo diéu khién
tich phan ty 1¢ PI (Proportional-Integral Controller) truyén théng khong thé dat duoc
hiéu qua t6i wu trong viéc theo ddi dong dién tham chiéu hinh sin vi thoi gian qua d6 va

sai sO xac 1ap tuwong doi 1on.

Dé khic phuc van dé nay, co thé sir dung bd diéu khién PR thay thé cho bo PI. Bo
diéu khién PR cho phép dat do loi ly tudng tai tan sb ludi, gitp loai bo sai s6 xac l1ap va
tang kha niang bam dong. Hon nita, c6 kha ning md rong dé bu hai, tir d6 giam déng ké

tong méo hai (THD) va tang cong suat dau ra.

Bai bao thyc hién nghién ctru, thiét ké va mé phong bo nghich luu ndi ludi 1 pha
co dién ap daura 115VAC, tan s6 400Hz sir dung mach diéu khién cong hudng ti 1€ PR.
Theo két qua mo phong trén phan mém Matlab, bd nghich luu 400Hz sir dung diéu khién
cong hudng ti 1¢ da dap tng t6t cac yéu cau khat khe cia tiéu chuin nganh hang khong
nhu THD<5% va cong suit dau ra 16n.

II. NOI DUNG NGHIEN CUU
1. B nghich hru néi lwéi 1 pha
Hinh 1 dudi day mo ta so dd mach cua mot bod nghich luu cau H mot pha ndi
lu6i. Bo nghich luu cau H thuc hién dé bién doi tir dién ap DC thanh dién ap AC dé hoa

ludi. So dd nguyén 1y ctia bd nghich luu mot pha ndi ludi nhu hinh 1. [6]
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Hinh 1. So' @6 mach b nghich luvu mot pha noi ludi

CAu trac bd nghich luu ndi ludi 1 pha bao gém dién 4p mot chidu Vpc, 4 van ban

dan IGBT, bd loc LCL va tai:

- B6 loc LCL dé loc cac thanh phan séng hai sau bo nghich luu, gitp dién ap dau ra
chuan dang hinh sin va giam tong méo hai ctia mach

- Ngudn DC duoc 1ay tir bo nang ap 1 chiéu - DC boost

- B6 nghich luu stir dung 4 IGBT dé dat duoc tan sb chuyén mach cao véi ton hao
chuyén mach thap. Do IGBT két hop dugc tinh ning chuyén mach nhanh cia MOSFET
va ton hao thap cia BIT.

CAu trtc str dung k¥ thuat diéu ché d6 rong xung hinh sin (SPWM) tao ra cac xung
chuyén mach cho bg nghich luu. Bﬁng cach chon cu hinh cau toan ph?m, dién ap DC-
link t6i thiéu cho phép co thé dugc thiét 1ap bang véi gié tri dinh cia dién ap ludi AC.

1.1. Diéu ché dé rong xung hinh sin SPWM

Dé tao ra logic dong/ngit cho cac khoa nghich luu, k§ thuat diéu ché do rong xung

hinh sin (SPWM) duoc sir dung. Trong k¥ thuat SPWM, song diéu ché hinh sin dugc so

sanh v&i song mang tan so cao c6 bién do da bict. Khi bién dd ctuia song di€u ché hinh
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sin 16n hon bién d6 ctia séng mang tam giac, S va Ss s& dan, dau ra s& 1a dién 4p DC
duong. Twong ty nhu vay, khi bién d6 cua song diéu ché hinh sin nho hon bién d6 cua
song mang tam giac, S» va S; s& dan, dau ra sé& 1a dién ap DC am. Do su so sanh gitra
song tan s cao voi song tan s thip, mot sb thanh phan cta séng tan sb cao bi chén vao,

tao ra cac thanh phan hai trong mang dién.[6]

SPWM la mot ky thuat diéu ché thuong duoc st dung trong cac bod nghich luu dé
tao ra dién ap xoay chiéu (AC) c6 dang song gan gidng voi song hinh sin tir ngudn dién
mot chiéu (DC). SPWM ludng cuc chi cho phép hai muc dién ap tai dau ra bd nghich
luu: —Vdc va +Vdc. Trong trudong hop nay, nhu minh hoa trong Hinh 2, tin hi¢u diéu

ché duoc so sanh v6i mot song mang hinh tam giac duy nhat.[1]

Az s

—

=

Hinh 2. B6 nghich heu 1 pha sir dung diéu ché SPWM

Ky thuat SPWM ludng cuc tao ra cac thanh phan song hai chiém vu thé trong dién
ap dau ra xung quanh tan sé séng mang. Dién ap dau ra ctia bd nghich luu 14 chudi cac
xung v&i ham luong song hai cao. Vi vay can phai sir dung mot bo loc thong thap dé
€161 han mtrc séng hai nay & mot mirc chép nhan dugc trong dong dién dugc bom vao
luoi.

Pé loai bo cac bién dang khéng mong mudn nay, tin hiéu dugc dua qua bd loc
LCL. B0 loc nay duoc thiét ké dya trén céc tiéu chi nhu do gon dong, kich thudc bd loc
va kha nang suy giam nhiéu do tan s6 chuyén mach, nham giam thanh phan hai. Voi
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ngudn mot chidu (DC) 1a pin mit troi (PV) thi bo loc LCL hoat dong nhu mét giao dién
giira hé thdng quang dién (PV) va ludi dién, gitp giam hai va cai thién chat luong dién
nang dugc dua vao ludi.

1.2. Bj loc théng thip LCL

Mot bd loc thong thdp LCL bac ba [2] dugc st dung dé giam song hai va dat
duoc muyc ti€u gidm méo hai. Bo loc LCL gitup dong dién tir nghich Iuu dap g cac tiéu
chuan vé tong do méo hai dong (THD). Bo loc LCL ¢6 dic tinh suy giam nhanh (steep
attenuation) tai dai tn cao (tin sd chuyén mach), hiéu qua hon nhiéu so véi loc LC
truyén théng. Piéu nay cho phép nghich luu hoat dong & tan s6 chuyén mach cao ma
khong gdy anh huong dén ludi. Nhu vay bo loc LCL con ting kha ning cach ly giita bo
nghich luu va ludi. Hinh 3 mo ta cach két n6i bo loc LCL giita nghich luu va luéi [3].

Quy trinh thiét ké bo loc LCL di dugc trinh bay trong cac tai liéu [2], [4] va cung
quy trinh nay duogc str dung & day dé tinh toan cac gia tri dinh muc ctua bo loc LCL. B6

loc LCL gdm céc thanh phan L1, Ceva L,

L4 L2

Vinw Ve

Ce
-,ﬁRd

Hinh 3. So dé két néi bo loc LCL

Trong do:

Vinv: dién ap déau ra cua nghich luu — dién ap dau vao cua bo loc
vg: dién ap ludi

ig: dong dién luoi

Khi phén tich bd loc trong mién s, ta c6 cac ham truyén sau:

ig SCRg +1

= (1)

Vinw $3L1Ly C+52CRg (L1+Ly) +s(L1+L3)
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[ 2
Truong hop viny=0 g _ 5%Ly C+sCRg +1 "

vg  $3L1Lp C+s2CRg (L1+Lp) +s(L1+L3)

Tt phuong trinh (1), ta c6 thé tinh dugc tan sb cong huong cua bd loc, dugce ky hicu la

_ ,Ll +L,
Wr = LiL, C 3)

1.3. Tinh todn cdc gid tri dwoc thiét ké trong bé nghich liu

w, nhu sau:

Yéu cau: Tinh todn thiét ké bg nghich heu néi lwéi 1 pha c6 dién dp luéi 115VAC,
tan s6 400Hz, tong méo hai thap (THD < 5%). Ta c6 dién dp nguén 1 chiéu DC la 400V,

gid sk cong sudt vao la 500W
& Gid tri dién dp ddu ra ciia b nghich lwu Viny va dong dién dau ra I; la:
_ Vpc _
Vinv = mAT =120V

ma : HéE s0 diéu ché, chon ma= 0.6

90%.P
Ii=

=3.75A

Gi4 tri ciia dong dién cuc dai Im 12: In=v2.1; =53 A
% Tinh todn gid tri cdc linh ki¢n trong mach loc LCL

Gia tr1 ciia cudn cadm phia nghich luu Ly dugce tinh theo cong thuc (4), trong d6 ma 1a hé
s6 diéu ché ctia bo nghich luu SPWM, fi 14 tan s6 song mang chon i = 20kHz, Al,, 13

d6 gon song theo yéu cau 1 2% =+ 10% Im va Viny 14 dién 4p ddu ra ctia bd nghich luu:

2Vinw
L, = W(l —my).my. Ty, 4)

D) gon dong cwe dai xay ra tai dong dinh-dinh 16m nhit, duoc tinh theo cong

thire (5), khi hé sb diéu ché bang 0.5 — 0.6:

AL, =—2¢ (5)

6fsw Im
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Trong d6, AIm 13 d6 gon dong téi da di qua cudn cam

Vinv
b= ©)

L; =0.189mH =+ 1mH, chon L; = ImH

Téng trd co ban: Zp= ViT =51.2Q (7)
L B _ 1
Gia tr1 tu loc C¢=0.05 Cp= P——, (8)
kiz+1
LZ - Cx wgw (9)

Trong do ka: hé s6 suy gidm mong muon

Tir cac cong thirc trén, gia tri thanh phan cia bd loc LCL dugc trinh bay trong

Bang 1.

Badng 1. Gid tri cdc thanh phan trong mach nghich lvu néi hedi 1 pha

Tén linh kién/ thong so Gia tri tinh toan va lga chon
Tan s6 ludi fy, dién ap ludi Vg 400Hz, 115V
Cong suat vao P (W) 500W
Dién 4p DC 400V
Gia tri cudn cam L; ImH
Gia tr1 tu loc Cr 1pF
Gia tri tu loc Lz InH

2. B0 diéu khién cong hudng ty 18
2.1. Bj diéu khién cong hwong ty 1é PR (Proportional Resonant)

Bo diéu khién dong dién c6 thé anh hudng dang ké dén chit luong dong dién duogc
cép cho ludi boi bd nghich Iuu nang lugng mat troi (PV inverter), do d6 viéc dam bao
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bd dicu khién cung cap dau ra hinh sin chat lugng cao véi dd méo toi thiéu la rat quan

trong dé tranh tao ra cac thanh phan hai.

Mot vong hoi tiép dong dién mot pha duoc sir dung dé diéu chinh dong dién luéi.
Chién lugc diéu khién cong hudng ty 16 (PR) duoc sit dung nhu mot bo bu dé bam theo
khung tham chiéu dong dién hinh sin. So dd vong diéu khién co ban [4] véi diéu khién
PR dugc thé hién trong Hinh 4.

Li* Ui*

N Li
- Grr(s) Gp(s) Gr(s)

y

Hinh 4. So dé bé diéu khién cong huong ti lé

Ta c6: Gp(s)- La ham truyén cta bo nghich luu
Gr(s) — La Ham truyén ciia bo loc
Ham truyén cua bo diéu khién PR : Gpy (s)1y tudong nhu sau

Gpr(s) = K, + K, 5—— (10)

T 52+ w3

Trong do:

o Kp: d6 loi ti 1¢ cua bo dicu khien

« K. d6 loi cong huong cua bd diéu khién

e ®o: tAn sb cong huong cua bd diéu khién PR, thuong la tan sb cua lugi dién

Bo diéu chinh cong hudong Grr(s) dugc tich hgp boi thanh phan ty 1& P va thanh

phan cong huéng R nén con duge goi 1a b didu khién cong huong PR. Tir cong thirc
(10) cho thay rang thanh phan tich phan bo diéu khién trong hé toa d6 quay twong duong
trong h¢ toa dd tinh chinh 1a mot bd loc cong hudng bac hai cod tan sb cong hudng chinh
xé4c bang hwo va diéu dang cha ¥ 13 bd loc cong huong nay co hé s tit dan bang khong.
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Tuy nhién, bd diéu khién PR 1y twong hoat dong nhu mot mang cd hé s6 chat
lwong v6 han, diéu nay gay khé khin trong viéc hién thuc hoa bo diéu khién PR trong

thuc té.

Tht nhit, do loi vo han duge tao ra bai bd diéu khién PR dan dén hé sb chat
luong vo han, diéu nay khong thé dat duoc trong ca hé thdng twong ty (analog) 1an hé

thong sb (digital).

Thir hai, d6 1oi ctia bd diéu khién PR bj suy giam dang ké & cac tan s6 khac, diéu
nay 1a khong du dé loai bo anh hudng ciia cac thanh phan hai gay ra boi dién ap ludi. Vi
vy, mot bo diéu khién PR xép xi 1y tudng (phi 1y twong) dugc dé xuat nhu sau:

2wes

Gpr(s) = K, + K, (11)

242 we s+ 03
. 14 bang thong xung quanh tan sb xoay chiéu mo
2.2. B¢ diéu khién PR c6 bit hai

Nham giam cac thanh phan hai phat sinh do bién dong tai trong khoang thoi gian

ngan, bo bu hai PR [4] duoc sir dung két hop vai bd diéu khién PR. So do vong diéu
khién co ban cua PR két hop vo1 bd bu duoc thé hién trong Hinh 5.

I;

\ 4

A\ 4

Ii*+® Gpr(s) J@L Gof(s) Gr(s)

Li - J +

Hinh 5. So' d6 vong diéu khién ciia bg diéu khién PR c6 tich hop bé bii hai

B6 bu hai Gu(s) duoc biéu dién dudi dang khong 1y tudng bai:

2 WS

GH(S) = Zh=3,5,7...KIh (12)

5242 we S+ w3
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Tir cac dap Gmg tan sd bén dudi, ta c6 thé quan sat duoc su thay ddi trong hiéu sut
va d6 6n dinh cua bo diéu khién PR khi cac tham sb va do loi cia bd diéu khién thay
doi.

2.3. Lwa chon b diéu khién PR

Hinh 6. So do vong diéu khién ciia bg diéu khién PR

Ham truyén tong hop ctia bd diéu chinh cong huong nhu sau:

Gor(8) = Kon + Kin 5rym02 (13)

N

Ta Cé R =
Ih
s2+h2w3

Vai tro ctia hé s6 tich phan K, khong thé thiéu 1a xac dinh kha nang chon loc cia
bd loc. Nhur vy bo diéu chinh cong huong cé kha niang diéu chinh sai 1éch dong dién &
ché d6 6n dinh bang khong tai tan sb hai bac h.

Tai cta bd bién doi ¢6 thé duge mé hinh hoa bai ham truyén:

1
SLr +RF

G, (s) = (14)

Trong d6 Rrva Lrla dién trd, dién khang tai

Duya trén phan tich 1y thuyét, trong bai bao nay, cac hé s6 ciia bo dicu khién PR duoc
chon la:

Kp=2, Kz=2000

3. Mo phoéng hé thong
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Bo nghich lwu ngudn dong 1 pha 400Hz st dung bd diéu khién PR duoc mod
phong bang phan mém Matlab. Hinh 7 duéi ddy mé ta mé hinh Simulink co ban cta bd

nghich lvu mét pha ndi ludi duoc trién khai, kém theo bd diéu khién.

Céc thong sb duoc xét dén dé mo phong két ndi véi luéi dién duoc liét ké trong Bang

1.

Tz=1e-06s
T T - Ls

NN .y

<

[621]

F- Bo dong dién lwdi

;Ej B %ij l é Rt .

— — ct N L

c . . T ) . ‘ @ M6 hinh lwéi
+ N - -

v [vinv] Blo dién ap lwdi

r
o @ T

:Ej»— —

1

o

DC =400V

Hinh 7. So' d6 mé phéng mach nghich luu néi hedi 1 pha

So d6 mach md phong c¢6 2 phan: mach nghich luu va mach diéu khién sir dung

phuong phép diéu khién cong huong ty 1¢ PR hinh 8:
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Hinh 8. Mach nghich heu néi lwéi 1 pha

Dong dién tham chiéu trong mach diéu khién duoc tao ra tir mach tao dong tham

chiéu nhu hinh 9

Referent Current

Hinh 9. So' d6 mach diéu khién tao dong tham chiéu

Dong dién tham chiéu Lerduoc dua toi mach diéu khién cong hudng ty 18 PR va
tao ra Vyer nhu hinh 10

=} £1

PR comtroller
| ref Vref

: 1= - :
W 200

D B T e I NS Q
z-1

Hinh 10. Mach diéu khién cong huong ty Ié¢ PR

Cdc tin hiéu diéu khién cac IGBT dwoc tao ra tir qua trinh diéu ché do rong xung hinh

sin SPWM nhuw so @6 hinh 11
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SPWMh WM]I
> _IT - [Gﬁ]l

AN ) S——=

Hinh 11. So do mach diéu ché SPWM

Céc tin hiéu diéu khién SPWM, G11, G21 va dién ap ra bg chinh luu c6 dang song nhu
hinh 9:

"4 Scope2 = (m] X

File Tools View Simulation Help

- eOP® - a-E-Ffld-

1
§ 05
I
|9 g5
-
DIEU KHIEN G11
" -
6 05— ‘ —
o |
‘ BIEU KHIEN G21
1
8 as %
o | | I | I |
BIEN AP VAO BQ LQC Vinv
[ | T [ T [
o -
s 0 I
P | | | H
1 1 |

Hinh 9. Dang song diéu ché SPWM va cdc tin hiéu diéu khién
4. Két qua mo phong

B6 nghich lwu néi ludi 1 pha 400 Hz, 115 V RMS di dugec md phong bang phan

mém Matlab.
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Khi mach duogc xay dung thuc té s& co ton that do cac linh kién va duong day
truyén tai cia mach. Thuc hién chon tai dién tr¢ R =100Q, L, = 1pH, thu dugc cac gia

tri hiéu dung cua di¢n ap ludi Vims = 115V va dong dién ludi Iims = 4.135A (Hinh 10)

& Scope3 = [m] X ]
File Tools View Simulation Help -

@-SOP® - QK- F&-

DIEN AP LUOI Vo ™ 7 v Trace Selection nx
200 T T T T T
Bo dong dién ludi | | —
150 -
7 ¥ Signal Statistics ax
100 = |
Value Time
B A Max 5.710e+01 0.080
o ol B Min -1.061e+02  1.171e-03
= Peak to Peak  1.632e+02
-50 [~ N Mean -2.545e+00
100 Median -2.649e+00
RMS 4.135e+01
=150 [—
200 1 L I 1 1 .
. _ . -
. DONG BIEN LV lo . . . © |7 ¥ Trace Selection ax
80— f A g Do dién ap ludi v [—]
40 [— il
20 7 ¥ Signal Statistics ax
o T T T T Value Time
o 20 . i : Max 1.626e+02  6.250e-04
40 T Min -1.626e+02 1.875e-03
&0 . Peak to Peak 3.253e+02
-a0 T — Mean -6.338e-11
100 | - Median -2.767e-13
120 ! | ‘ | ! | ! | RMS 1.150e+02
0 0.01 0.02 0.03 0.04 0.05 0.08 0.07 0.08
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Hinh 10. Dang song va gia tri hiéu dung cua dién ap luoi

Pé danh gia chéat lugng dong dién, dién ap ndi ludi ta st dung may hién song
(Hinh 11) va cong cu FFT ¢ khbi Powergui. Dé do d6 méo song hai ta cai dat thoi gian
bét dau 1a 0,2, tan sb f= 400Hz, tan s6 16n nhat fnax = 1kHz. H¢ s6 cua dong dién ludi

la 3% (Hinh 12)

AN

=

|[Vinv]
Scope2 Scope3

Hinh 11. Khoi hién thi sir dung mdy hién séng Scope
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4 Powergui FFT Analysis Tool
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Hinh 12. Bo THD cua dong dién luoi

Fundamental (400Hz) = 19.82 , THD= 3.00%

1 2

Harmanir arder

p chi Khoa hoc va Céng nghé Truong Pai hoc Cong nghé Pong A

Available signals
Refresh
Name SONGRA
Input input 2
Signal pumber 1

Display: © signal

FFT window

FFT settings
Start time (s): 00
Number of cycles 1
Fundamental frequency (Hz) 400
Max frequency (Hz). 1000

Max frequency for THD computation

Nyquist frequency

Display style
Bar (relafive to fundamental)

Base value
Frequency axis: Harmonic order

Display Close

Céc két qua duoc phan tich bang phan mém MATLAB nhu trong bang 2

Bdng 2. Cdc théng sé6 mé hinh ciia bg nghich luu néi hedi 1 pha

[=)]

Bién s

Gia tri hiéu dung

Dién ap dau ra (V)

115

Dong dién dau ra (A)

4.135

Cong suit dau ra (W)

475.5

Tan s6 (Hz)

400

Tong méo hai (THD) (%)

III. KET LUAN

Viéc mé hinh héa bo diéu khién cong hudng ti 16 (PR) cho bd nghich lwu mot pha

noi ludi va danh gia hiéu suat cia né trong dicéu kién dao dong tai da duoc thuc hién

bang phan mém MATLAB/Simulink. Két qua mé phong cho thdy bo diéu khién PR

duogc thiét ké mang lai dap Gmg qua do tot hon so v6i bo didu khién PI truyén thong khi
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Tap chi Khoa hoc va Cong nghé Truong Pai hoc Cong nghé Pong A

hé théng chiu tac dong cua nhiéu tai. Hiéu suét hoat dong duoc cai thién hon nira khi
két hop thém bo bu hai voi bo diéu khién PR.

Tir két qua mo phong ctia bd nghich luu ndi ludi 1 pha st dung bo diéu khién PR
cho thiy rang hé théng nay phu hop vé6i cac ung dung trong linh virc hang khéng. Cong

suat du ra 16n dat hiéu suat 95% va tong méo hai <5% theo tiéu chuan.[5]
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