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Tém tit:

Ngay nay cdc nguon nang hwong tai tao nhw nang heong mat trot, nang lhrong gio dwoc quan tam nghién
cieu vng dung cho viéc cung cap nguon mét cach réng rai. Vi viy, bo nghich luu ngay cang giit vai tro quan
trong trong viéc chuyén doi dong dién mot chiéu thanh dong dién xoay chiéu dé cung cdp cho cdc thiét bj dién
va dién tir. Bai nghién citu nay sé trinh bay mot cdu hinh nghich hru 9 béc sir dung phwong phdp chuyén ty dién
Véi nhiéu wu diém. Két qua duogc thuc hién mé phong trén phan mém PSIM 9.1 va dwgc kiém chimg qua thic
nghiém sir dung phan mém chuyén dung Code Composer Studio dé ldp trinh cho vi mach TMS320F28335 cua
tdp doan Texas Instruments diéu khién mach nghich luu mot pha chuyén tu dién 9 bdc.

Tw khéa: Nghich leu, dong dién, tu dién, PSIM

+ Dang diode kep NPC (Diode Clamped

1. GIOI THIEU CHUNG Multilevel Inverter)

B6 nghich luu ép cung cap va dicu khlén dién +» Dang dung tu bay (Flying Capacitor
ap xoay chiéu & ngd ra véi mic dién 4p 6n dinh de Multilevel Inverter)
cung cap cho cac thiét bi tiéu thu voi nhitng yéu cau ¢ Dang ghép tang cascade (Cascade Inverter)

ky thuat nhit dinh nao do. Nguon dién ap mot chidu
& ngd vao bd nghich luu cé thé & dang don gian nhu
acquy, pin dién hodc & dang phirc tap gdm dién 4p
xoay chiéu dugc chinh luu va loc phang. Linh kién
trong bo nghich luu dp c¢6 kha nang kich dong va
kich ngit dong dién qua nd. Bo nghich lyu ap ¢ rat
nhiéu loai ciing nhu nhiéu phuong phap diéu khién
khac nhau; trong d6 c¢6 3 dang phd bién sau:

Ba dang nghich lru ké trén con mot s6 han
ché nhu: chi phi, phic tap trong didu khién... Vi vay,
nhiéu dang cdu hinh nghich lvu khac da ra doi dé
thay thé cho cac bd nghich Iuu truyén thng; trong
d6 c6 giai phap chuyén tu dién dé c6 dugc bd nghich
Iuu da bac.

2. PE XUAT CAU HINH NGHICH LUU
MOQT PHA CHUYEN TU DIEN 9 BAC

@

Hinh 1: So' @ mach nghich lwvu chuyén tu dién 9 bac
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Chu hinh dugc dé& xudt nghién ctru 1a mach
nghich luu chuyén ty dién 9 bac sir dung cong tac
ban dan S1, P1 diéu khién chuyén mach mac ndi
tiép, song song cua tu dién C1 voi nguon vao Vi,
Cong tac S2, S2a, P2 diéu khién chuyén mach méc
ndi tiép, song song ciia tu dién C2 véi ngudn vio

D1

\{in. Cac cong tac T1, T2, T3, T4 la céc cong tc cia
cau H, ngoai ra mach dién con sir dung 2 diode D1,
D2.

i Cac trang thai hoat d(f)r}g cua mach nghich luu
chuyén tu dién 9 bac dugc thé hién ¢ hinh 2.
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Hinh 2: Cic trang thai hoat djng theo cAc trang thai dong ngit ciia cac khéa ban din va chiéu ciia dong dién tai.(a)
Trang thdi 1, (b) Trang thai 2, (¢) Trang thai 3, (d) Trang thai 4, (e) Trang thai 5, (f) Trang thai 6, (g) Trang thaii 7,
(h) Trang thai 8, (i) Trang thai 9

Quy uoc dién ap ngd ra cia mach V,, =
dong dién ngd ra i, = iap, khi d6 ta cé:

VAB)

Trang thai 1: Tu dién C1, C2 dugc mic song
song voi nguon va duoc nap mét gia tri di€n ap bang
Vin, g0 1a dién ap clia mach lac nay bang 0V, iy =
0.

Trang thai 2: Pién ap trén tu C1, C2 béng dién
ap Vi, ngd ra dién ap cda mach luc nay co6 gia tri la
Viny iout:(—’_) .

Trang thai 3: Tu dién C1 dugc mic ndi tiép
v6i nguon Vi, tu dién C2 dugc mac song song vai tu

42

Cl va nguén Vi l0c nay dién é&p trén tu C2:
Vo=VatVi=2Vy, dién ap tai ngd ra luc nay la V.~
Vcl+Vin = 2Vina iout:(+)-

Trang thai 4: Ty dién C1 dugc méc song song
v0i nguon Vi, va duge nap gia tri dién ap bing Vins
tu dién C2 dwgc méc ndi tiép véi tu C1 va ngudn
Vi, dién ap tai ngd ra lic nay 1a V= Voot V=3V,
iout:(+)'

Trang thai 5: Tu dién C1, C2 duogc mic ndi
tiép v6i ngudn Vi, do d6 ngd ra dién ap luc nay
VOth:VCl+Vc2+Vin = 4Vina iOth:(+)'



Trang thai 6: Dién &p trén tu C1, C2 béng dién
ap Vi, ngd ra dién ap cia mach luc nay co gia tri 1a -
Vim iout:(') .

Trang thai 7: Tu dién C1 dwoc mic ndi tiép
vOi nguén Vi, tu dién C2 duge méc song song v&i ty
Cl va ngudn Vi, luc nay dién 4p trén tu C2:
Vo=V V=2V, dién ap tai ngd ra lic nay 1a V=
'(Vcl+Vin): 'ZVina iout:(')~

Trang thai 8: Ty dién CI dugce mic song song
vai ngudn Vi, va dwgce nap gia tri dién ap bang Vi,

tu dién C2 dwoc mac ndi tiép voi tu C1 va nguén
Vi, dién ap tai ngd ra luc nay la Vo= «(Vert V)= -
3Vim iout:(')-

Trang thai 9: Ty dién C1, C2 duogc mic ndi
tiép v6i ngudn Vi, do d6 ngd ra dién ap luc nay
Vout: '(VC1+VCZ+Vin) = '4Vin7 iout: (')

Nguyén tic hoat dong cta bd nghich luu
chuyén ty dién 9 bac c¢6 thé duge trinh bay tém tit
trong bang 1 dudi day.

Bang 1: Trang thai hoat dong ciia bd nghich Iuu chuyén tu dién 9 bic

Trang thai hoal Céc cong tic ban din Di¢n ap trén | Dién ap trén Dién ap ngé |Chicu dong dién
dong duwoc kich mé tu C1 tu C2 ra ngo ra
5 T1, T4, S1, S2, S2a Vin 2Vin 4Vin +
4 T1, T4, P1,S2, S2a Vin 2Vin 3Vin +
3 T1, T4, S1,P2 Vin 2Vin 2Vin +
2 T1, T4, P1, P2 Vin Vin Vin +
1 T1, T3 Vin Vin 0 0
6 T2, T3, P1, P2 Vin Vin -Vin -
7 T2,T3,S1,P2 Vin Vin -2Vin -
8 T2, T3,P1,S2,S2a Vin 2Vin -3Vin -
9 T2, T3,S1,S2,S2a Vin 2Vin -4Vin -

Trong bang 1, gia tri cac dién ap trén tu C2 va
dién ap ra la chinh xac voi nguyén ly hoat dong da

trinh bay.

Dua vao trang thai hoat dong cua mach dién

hinh 2 ta ¢6 thé xac dinh duoc cac gia tri dién ap cuc
dai dat 1én linh kién trong bang 2.

Bing 2: Gi4 tri di¢n 4p cue dai dit 1én linh ki¢n trong mach nghich luu dé xuit

Linh kién trong mach Gia tri dién ap
Diode DI Vi?l
D2 2Vin
S1 Vin
P1 Vin
S2 2Vin
S2a Vin
Cbng tic ban dan P2 2Vin
T1 4Vin
T2 4Vin
T3 4Vin
T4 4Vin
o Cl Vin
Tudicn 2 2Vin

3. KET QUA NGHIEN CUU

3.1. Két qua md phéng

Két qua duge kiém chimg bang mo phong trén

phan mém PSIM.

Bang 3: Thong s6 mach sir dung trong mé
phéng va thwe nghiém

Théng sb Gia tri
Nguon DC 24V
Ty dién Cy, C, 2200uF
Tai RL 10Q, 30mH
Tan s6 dong cat (fsw) 10KHz
Tan s6 song sin diéu khién (fy;,) 50Hz
Cong tic ban dan G30T60
,Diode bin dan DSEI30-60A




3.2. Két‘quﬁ duge kiém chitng bang mé Két qui mo phong cho thay dang séng dién
phong trén phan mem PSIM. ap, dbpg dién ngd ra co chat luong tot, vdi d6 méo
dang tong do song hai THD = 2.18%.
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Hinh 3: Dang séng dién ap ngd ra 9 bac véi tai tré thuin R=10Q
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Hinh 4: Dang song dién ap trén tai R véi tai ngé ra Hinh 5: Dong di€én ngo ra tai RL
R=10Q, L=30mH

~ Phuong phép sir dung d¢ diéu khién cac cong % 0<M<1, dién ap ngd ra c6 3 bac.
tac ban dan cuia mach nghich lru dé xuat 1a phuong 3.3. Két qua thye nghiém

phap Sin-PWM vdi hé sb diéu ché M=4. N o o )
Thuc nghiém dugc ti€én hanh tai phong thi

_ Khi thay d6i h¢ s6 diéu ché M tur 4 xuong 0, nghiém dién tir cong sudt ning cao D405; két qua
thi s6 bac dién ap ngo ra cting thay doi: duge thyc hién do dac bang cac linh kién IGBT
< M>3, dién 4p ngd ra 9 bac G30N60, Diode DSEI30 va thiét bi do Tektronix
% 2<M<3, dién ap ngd ra co 7 bac. TPS 2024B.
% 1<M<2, dién ap ngd ra co 5 bac.
Tek N Tria'd M Pos: —1.500ms CH3 Tek i @ Stop M Pos: —5.600ms CH2
+ +
Coupling Coupling
4
B Lirnit e L L B Limit
200MHz WWW 200rHz
Walts: Div as Walts/Div
Prabe Probe
100% 1008
Woltage Woltage
Invert Ineert
011 Off]
W 5.me CHZ 200 M 5.00ms CHZ o7 B0y
12=Jun=1f 1357 CHA 2004  S-Jul-16 1639 <10Hz
Hinh 6: Dang séng dién 4p ngd ravéi tai thuin Hinh 7: Dién ap trén tu C,;, C2 va dong dién ngo ra.
R=100 Theo thi tw: kénh 1/dong dién ngd ra; kénh 2/ty dién

C2, kénh 4/ty dién C1
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Tek 1. Trig'd M Pos: -SE00ms  POWER TEkch e Trig TE'HD_F h;;;; —5E00ms  Harmonics
Power WRMS 2944y THO-R  228% Se
Analysis Harrmonic
Waveform Freq 50,0Hz “Fund 1IJIJ.E%
& #nalysis hRr3 23,434 t 0,00
[ | Phase
| Angles
‘ Harmonics
I itchi Lave
Switens  H® - Men
L 2% 4 5 6 7 & 4 10 11 12 15 HMO00O.CSY
CH2 50,04 M 5.00rns CH2 7 B40% CH2 5004 K 10.0ms CHA .7 B34mY
CHA 20.0%  9-Jul-16 16:37 2, kHz CHA 200%Ey  3-Jul-16 16:36 43.9923Hz

Hinh 8: Dang séng di¢n ap ¢ ngd ra va trén tai R
voi tai ngé ra R=10Q, L=30mH. Trong do6, kénh
2 1a dang séng di€n ap ngd ra; kénh 4 1a dang

Hinh 9: Cic thong s6 do dugc ciia dang song dién
ap va dong dién trén tii R voi tai ngd ra R=10Q,
L=30mH. Trong d6 THD=2.28%, Tan so F=50.00Hz

song dién ap trén tdi R

Két qua thyc nghiém cho dién 4p ra 9 bac.
Dang song dién dp, dong dién ngd ra trén tai R cd
dang hinh sin v6i chét luong tdt, didu nay duoc thé
hién qua tn s6 do dugc cua dang séng 1a 50Hz va
do6 méo dang tong do séng hai THD =2.28%. Két
qua nay gin bing véi két qua md phong 1a
THD=2.18%.

4. KET LUAN

nhidu wu diém vuot troi. BO nghich luu ké trén c6
thé tmg dung cho céc by nguon st dung nang luo‘ng
tai tao dé cung cap cho céc thiét bj dién tr vien
thong trong thuc té; nhit 1a cac ving mién nui, bién
gidi, hai dao, noi kho khan... Tuy nhién, trong bai
béo nay chua tinh toan dd ripple (gon song) cua dién
ap trén ty dién cling nhu do ton hao cua mach nghich
luu d3 dé xuét; day ciing chinh 13 van dé mo ra mot
huéng nghién ciru méi nham khac phuc va cai tién

) . _ t6t hon cho c4u hinh nay trong tuong lai.
Bai bao da trinh bay cau hinh mach nghich

luu da bac (9 bac) dung giai phap chuyén tu dién véi
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SOLUTION FOR CAPACITOR SWITCHED MULTI-STEP INVERTER
Thuan Van Tranl, Minh Thanh Phanl, Khich Van Trinh'

/ . . . .
Telecommunications University

Abstract:

Nowadays, renewable energy sources such as solar, wind, ... which are interested in application research
for power supply widely. So, the inverters play an increasing important role in converting DC into AC current
to provide for electrical and electronic equipments. This paper will present a nine-step inverter configuration
using a capacitor tranfer method with many advantages. The results are shown on the PSIMY.1 software and

verify on the Code Composer Studio to program for microchip TMS320F28335 of Taxas Instruments
Coporation, which controls the inverter one-phase switching nine-step capacitor.

Keywords: Inverter, capacitor, current, PSIM.
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