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PIEU KHIEN BO NGHICH LUU GHEP TANG HAI BAC
BANG KY THUAT SONG MANG PWM

® Phan Thanh Hoang Anh(1

Tém tit

Hi¢n nay, nhiéu nghién ciru vé bp nghich heu ghép néi tdng da béc nhim don gian hoéa cau hinh
mach phan cimg va giam gia thanh hé thong Bar bao gici thign bé nghich hev ghép néi uing 2 blc gom
2 b¢ nghich hru hai bdc chudn von k§ thudt diéu ché song mang PWM. Gidi thuét di duoc kiém chimg
1inh ding déin qua ké1 qua mé phang va thi nghiém phan cimg thong qua bg kit DS1104.

Tie khéa: B nghich hou ghép, diéu khién d6 rong xung, ngnon m1 chieu.

1. Giéi thiéu chung

Céuhinh b chuyén déi dién dang ton tai ngay
nay con nhidu han ché vi nhimg gié1 han cta thiét
bi ban din Cac bd nghich luu da bac xuét hién
nhim khic phuc cac gi6i han dién ap cta thiét bi
ban din: Mot trong nhimg img dung trudc tién 1a
két ndr giita cac hé théng dién 4p cao AC va DC.
Nguyén ly co ban ciza bd nghich hru da bac 1 két
ndi cang nhiéu thiét bi ndi tiép va kep dién ap.

Cac bd bién ddi da bac da mang lai suc séng
cho cac img dung truyén dong. Tuy nhién, khi mudn
tang cong suat cua bd nghich luu nhung van dap
{mg chén ap DC 16n nhét s& 1am cho chi phi dau tu
dat do vi hé théng diéu khién phai duoc thiét ké
cho s6 pha cu thé va cén nhidu ngudn cung cip

B6 nghich luu ghép ndi ting Ja mot giar phap
méi dé khic phuc cac giéi han vé cong sudt. Chi
cAn str dung cac thiét bi tidu chuln k&t ndi theo cach
mdi 1a cong suit ting 1én gép doi, 6 kha ning cung
cép cho ta1 Day 1a mét uu didm ciia by nghich luu
ghép nbi tAng nhumg khéng cn thiét phai co cac
phén cimg phirc tap.

B6 nghich luu ghép ndr thng cd cau tric dya
vao su két né1 né1 ndp mét sb loai chu tric co ban
cho mé1 pha Nhimg b nghich luu nay nhin chung
duoc két noi tir nhimg bd nghich luu bic thip co
ban nhu B nghich hru 3 pha 2 bic don gian va
b$ nghich hru 3 pha 2 bac kidu diode kep. Béi voi
b6 nghich luu ghép tang duoc cp tir cac ngudn
mdt chidu riéng biét, dé 181 wu hoa tdn hao, cac
bd nghich luu co ban co nguc")n dién ap DC Ion
dugc wu tién hoat déng & tén sb ciia hai co ban con
nhimg bd nghich liru co bin cé ngudn didn ap thap
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hon hoat dong & tan sé déng cht cao. b1 vai by
nghich luu ghép tang dugc cdp tir hai ngudn DC
cach ly néi tit tao thanh mét ngudn DC chung dé
don gian héa cau hinh mach cong suat, gidm chi
phi va khong gidp kho khin gay ra bai hién tuong
ngudn DC khéng cin bing.

Mot sb 1y thuyét da trinh bay méi quan hé
mat thiét giia phuong phap didu ché vector khéng
gian (SVPWM) va k¥ thuat didu ché song mang
(CBPWM) trong cac b nghich luu da béc. Doi
v61 ky thuat didu ché da séng mang s& lam cho gisi
thuit phirc tap va didu khién kho khéin, kho ddng by
hoa hé théng didu khién Cac phan tich da chimg
minh ring k¥ thuat didu ché nhidu séng mang c6
thé thuc hién bang k¥ thuit mét séng mang duy
nhat nhu bd nghich luu hai bc théng thuong. Su
tuong quan nay duoc img dung trong bai bao nay
@& phat tnén thanh k¥ thuét diéu ché song mang,
diéu khién dién ap ngd ra ciia by nghich luu ghép
ndi tang da bic [2).

Trong sudt qua trinh x4y dyng bai bao nay, i
luén ldy co s& phan tich dang nhu ky thudt dieu
ché séng mang truyén théng, trong do:

- Thn thét trén cac chuyén mach 14 nho nhat.
Cu thé 1a diéu khién sao cho chi c6 mét chuyén
mach xdy ra trong qua trinh qua d6 chuyén tiép
gitra hai trang thai dong cit.

- Ting giam déu dién 4p ngd ra trong médi nla
chu ky cia song mang,

- Piéu khién tuyén tinh PWM
av
—29 = const. n
v
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2. B§ nghich Iuu ghép ndi thng hai bic hai

ngudn cich ly va phin tich mach

Dua theo nguyén ty cua thudt toan diéu khién
song mang cho bd nghich luu ndi ting cascade. Voi

mét gia tr chén ap dit, gia tn cua théng s6 diéu
khién ¢ s& duoc xic dinh cho mdt bd phat song
mang PWM.

2.1. Mach khao sit
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Hinh 1. So dd mach b{ nghich luu ghép duge tao tir 2 bd nghich lwu 3 pha 2 bic

Mach sir dung hai bd nghich luu 3 pha 2 béc
chinh tdc chju dong cong suat cao ghép lai véi nhau
tao thanh b nghich luu ghép 2 bac.

Thanh phan cia bd nghich luu ghép 2 bac
trén ¢6 2 ngudn DC déc lap co gia tri dién ap a v,

Thuit toan téng hop didu khién song mang
PWM dugc img dung cho ca 3 pha. Phan nghich
luu phia cao hoat déng voi tan sé hai co ban trong
khi phén thap cuia bd nghich luu con lai thi co the
dong cét & tan sb cao Phan thir nhét cia bé nghich
luu cp ngudn chinh cho tai ¢6 sinh ra mét s6 ha
nhung la dugc b béi thanh phéan thir 2, do d6 né

¢6 chirc nang gidng nhu mét bd loc.

2.2. Phéan tich mach

So¢ db mé hinh mach gii tich

Sau cap linh kién ca bo nghich v ghép trén
duoc diéu kinén bai cac séng didu khién tuong img
la: én‘ 4::\' éw iy Ep vl 531-

Quan hé g1ira tri trung binh ap nghich luu V,
vi song didu khién ¢ co thé mé ta bing cic ham sau:
vI\O = éll*vd B V2IO = éll *VJ : V]]O: éll*vd

V]M = éIZ*\/d ; V?:D: E’ZZ*VH ’ V!LVJ: E’!EWJ (2)
Ta co.
V= Vuo Vi Vi = Vo Vins
Vo= Vi Vg 3)
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viio  vi2o vel
—

b) Mach twoug dwoog
bién ddi ir rd hinh a

vtl

a) Mach twong duong
bién ddi tir mach khao st (Hinh 1)

¢) Mach twong duwong
biéo ddi tir w4 binh b

Hinh 2. Mé hinh giai tich mach twong duong

Suy ra. Bang 1. Quznllu'; giira cdc gid (ri d3t (dng, trang tbii Sp nghich lwu
thanh phin vi cdc dai lugng didu khién hai b nghich luu
Vo=, - éli)*vd’
_ % VoV
Vel )V, @B e | T % &
V., =(,-&,)*Y,
0= (& =&)Y, m prowo 5 1 m
Bat Vo=V - Vie
voij=123 O 0 Y
Lo R " Vv
) .'xl"u doAglfx m'trung binh d)gn N,<V,<0 4 v
ap dieu che trén cac pha nhu sau: ! vy 0
X V) JL 1
Vd
(000 0 0
0 0
VAR 1 1
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ta trong Bang | dudi dang thuét
toan thir 1 hodc dang thuat toan
thir 2. Vi du khi 4p yéu cdu ndm

trong gidi han (-V,, 0), c6 thé st
dung dang thuét toan thir 1 voi sy

\Y%

(X;05" £ 0
A

0<V,n<v A le)
V=V,
Y@ 1
(Vi) v
v, (V‘;CI)“X:J 1 0 1

chuyén mach nim & b nghich luu

+ Chu thich Bing 1: 13 thuit toan diéu
khuién thir 1, @ la thuit toan diéu khién thir 2. Tén
tai cac phuong an diéu ché khac nhau dé tao ra mét
ap nghich Juu trung binh dat gia trj gira cac mic
dién ap ngudn. Cac phuong an diéu ché dwoc mo

V,

2, va b6 nghich luu 1 dugc thiét 1ap
ap bing 0 [2], [3)

Cic cach tinh tin higu didu khién &

Tr 4p tai 3 phayéu ciu Vv, cd thé str dung so
45 Hinh 3 d& xac dinh V tir do unh ra cac tin hiéu
didu khién cho cac cip lmh kién.

Vie Vay

]

Vomar Chen V¥
Vomn

2

Hioh 3. So 8 gidi thuit tinh di¢n 4p didu khién V,,

Tinh Ve bang céch: V=V, V.

(V, la dién 4p common mode). )
Dién ap V, ¢6 thé chon bat ki gia tri nio trong
gioi han V- Ve 12 NO.
vL‘m\n S VD S VDmax
Ve V. = V,-Max,
Viee = “Vy— Min,
Min = min(V,V V),
Max = max (Vn'v\r IJ)
Pham vi diéu khién ap tai:
2+¢V
e =~ (6)

5
Dién ip co ban cia phwong phip didu
kbién 6 buéc:

2. Ve )

Vis wep =

2.3. Ky thuit didu ché song mang PWM
- Chi sb diéu ché tham chiéwdién 4p 3 pha

tham chiéu Veox=abc

- Tinh toan gié tri ham offset V.

- Tinh toan tin higu diéu ché danh dinh £,

- LAy dao ham tin hiéu danh dinh riéng biét cac
€,,1=1,2,3 bling céch ding thuat toan (1) - Thuat
toan trong Bangl.

- So sanh PWM giira va dang song mang don
1 & cho ra tin hiéu diéu khién.

Trong truomg hop hai b nghich luu ghép ndi
tang str dung chung ngudn DC, ta khéng thé didu
khién qua ham offset, vi nhu vy s& lam phat sinh
dong thir ty khéng 16n. Do dé véi cdu hinh nay thi
chi ¢6 thé sit dung phuong phap sin PWM, titc tin
héu chéu khién ngd vao pha c6 dang sin, vér bién
d0 4p cuc day ngd ra la:

Vimss = Vg 071,2.3)- ®

3, Mé phéng va thi nghiém bd nghich luu
ghép 2 bic bang ky thujt séng mang PWM

3.1. Mé hinh mach mé phéng bing
roatlab/Simulink
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Discrete,
Ts=514e-006s.

Song mang

Dien ap 1 pha tai3

Nguon OC  Bo nghich luu

Ta1RL 3 pha doi xung
Hinh 4. So dé m phéng tdog quit trong Simulink
3.2. So @b didu khién tai 3 pha RL v6i 2 ngudn DC cich ly

77— N
~20V Vanac B chinh lru

Ve

XungPWM Xuag kich IGBT

Tin by 43t B dseu khuén

—
NCard DSPACE [ 0-5V M1 Machla | EISV Y Bbngmch i B

E——— TaRL3pta
ohip 2660 ] !
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o -
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—

Hinb 5. So dd didu khién t3i 3 pha RL véi hai ngudn DC cich Iy
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3.3. Lwu @b chuong trinh giao tiép gira mdy tinh va phin cimg
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=
b
. bt B{ Duty oyche b
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DS11045L_DSP_PwWM

Hinb 6. Chwong trinh giao tiép gifra m4y (inh v phin cimg qua card DS1104

3.4. M4 hinh phan cimg

- Phin cimg dugc xay dyng dé kiém chimg
ly thuyét dé xudt, sir dung Matlab/Simulink va kit
DSPACE DS1104.

Hinb 7. HE théng mach phin cimg trong thi nghiém

- Mach thi nghiém phan cimg bao gom: Mach
cong suat ding IGBT FMG2G100US60; mach
chinh luu diode; mach ngudn nudi dung IC7915,
IC7815, 1C7805, diode N4148; mach deadnme va
mach dém dung 74HCT14, mach lai dung Opto

TLP250 va IC TMAI215; téi 3 pha can bing RL
vo1 R=10, L=65 mH (Ghi chi: Thang do Probe cua
dao dong ky 1a 10).
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Hinh 8, Két qua dign 4p 13i pha a bing md phéng
Matlab/Simuliok trong khoing théi gian t =0 — 0,25
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© i
s

103



TRUONG DAI HOC BPONG THAP

Tap chi Khoa hoc s6 39 (08-2019)
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Hinb 10. Két qua dong dién (3i 3 pha biing
md phéng Matlab/Simulink trong khoing
thdi gian t =0 — 0,05
Nhin xét: K&t qua dién ap tai va ddng dién
tdi thu duoc trén phin cimg c6 dang hinh sin giéng
v6i md phéng trén phin mém Matlab/Simulink.

M Pos: 00008 o =3
M P A K,

L‘“““ﬁa*mrmm.‘;‘ ST S
V-0e-091016 22393k

Fonh 11. Két qud ddng dién (i pha a bing
mach phan cimg

3.5 2 PBi v6i 02 nguon cach ly thire 1é
Dién 4p ngudn V,=V
ché m=0,7; Tén sb song mang f,_ =3 kHz; R=10

2 =100 V; Chi 56 diéu

Q; L=65 mH; cos ¢=0,9798.
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Hinh 12. K& qua dién p tai pha a bing mé phang Matlab/
Simulink trong khodng th¥i gian t =0 —> 0,25
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Hinh 14. Ké qua dong dién tai 3 pha bing mé phéng Matlab/
Simulink trong khoang thdi gian t =0 - 0,05s
Nhin xét: Két qua dién ap tai va dong
dién tar thu duoc trén phan clmg ¢6 dang hinh
S PRI N i A
sin giong voi md phong trén phan mem Matlab/
Simulink.
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Hinh 13. Két qua dién 4p tii pha a bing
mach phin cimg

Tk . @se

T 7 18

229338

Hinh 15. K& qui dong dién i pha a hing
mach phan cimg

LT M
17-0ct-03 1016

35.3. D6i vdi 02 nguon DC cich Iy Iy neomg

Pién ap ngudn V, =V =100 V, Chi sb diéu
ché m=0,7; Tdn 56 song mang { = 6 kHz, R=10€;
L=65 mH; cos =0,9798
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Hioh 16. Két qua dién 4p t3i pha a bing mé phdng Matlab/

£ . . N

Simulink trong khodng thii gian t =0 —> 0,1s Hinh 17. Ket qui dién :’lp' t4i pha a bang
mach phin cimg
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Hinh 18. Két qua dong dién tai 3 pha bing m6 phéng Matlab/  Hinh 19, Két qua dong dién tii pha a bing
Simulink trong khodng th¥i gian t =0 — 0,055 mach phin cimg
Nhan xét: Két qua dién ap tai va dong 3.5.4. D6i v6i 02 nguon DC cach Iy Iy nwong
dén tai thu dugce trén phén cimg c6 dang hinh Pién 4p ngudn V,, =V, =100V; Chi s6 diéu
sin g1éng vo1 mé phong trén phdn mém Matlab/  ché m=0,7; Tan s6 séng mang f,, = 3 kHz, R=10 Q;
Simulink. L=65 mH; cos ¢=0,9798

[ ] M Pos: 0.0005 o1

Tk L

Dlan 4p tal pha 2 (V)
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Hinh 20. Két qua dién 4p tii pha a biing mé phéng Matlab/ Hinh 21. Ké qua di¢a 4p t3i pha a bing
Simulink trong khoang thdi gian t = 0 — 0,25 mach phin cimg
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Hinh 22. Két qua déng dién i 3 pha bing mé phong Matlab/

Simulink trong khoang théi gian t =0 — 0,058

Nhin xét: Két qua dién ap tai va dong dién
tai thu duoc trén phan cimg cé dang hinh sin gibng
V61 md phong trén phan mém Matlab/Simulink.

3.5.5. Nhdn xét chung

- Chét luong dién ap va dong dién ta thu duoc
qua dao dong ky sb 1 dat yéu cau so véi trén phan
mém mé phong Matlab — Simulink

- Vi tan s song mang 6 kHz thi 4p va dong
ra min hon vi tin sb song mang 3 kHz

- Khi sir dung ngudn thyc té, d6 méo dang dong
va 4p |4 khong thay db1 nhidu nhung bién do dinh
¢6 sy dao déng manh so vé1 ngudn DC Iy tuong.

ans
10003 106 2239 TR

Hinb 23, K&t qui ddng dién tii pha a bing
mach phﬁn cimg

4. Két luan

Bai bao md ta img dung gidi thuét séng mang
PWM dé didu khién bd nghich luu ghép ndi thng
hai bac. Két qua mé phong va thi nghiém trén bg kit
DSPACE DS1104 di khing dinh tinh ding dén cia
gidn thuat song mang PWM da dé xut. Vige didu
khién song mang PWM thanh céng cho bd nghich
lwu ghép ndi thng hai bic 1a co s& ¢ ap dung diéu
khién cho céc bd nghich luu bac cao hon, tiép can
phuong phap triét tiéu dién 4p common mode trong
cac bd nghich luu khac nhau, cling nhu kha néng
md réng dién 4p ngd ra trong ving qua didu ché./.
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CONTROLLING DUAL TWO-LEVEL INVERTERS WITH USING
CARRIER BASED PWM APPROACH

Summary

Many dual multilevel inverter topologies have been investigated for simplifying hardware building and

reducing cost. This paper introduces dual two-level inverters which are formed from two standard two-level
inverters with using carner based PWM approach. The proposed method has been validated by simulation
results and verified by the cxperiment using DSP controller DSPACE kit DS1104.

Keywords. Dual mverter, PWM control, DC source.
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