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

¢ Phan Thanh Hoang Anh®

Toém tit

Hién nay, nhiéu nghién ciru vé bg nghich leu ghép néi tang da bdc nham don gian héa cau hinh
mach phan ciing va giam gid thanh hé thong. Bai bdo giGi thiéu bg nghich luu ghép néi tang 2 bdc gom
2 bo nghich luu hai bdc chudn véi ky thuat diéu ché song mang PWM. Gidi thudt da duoc kiém chitng
tinh diing dan qua két qua mé phong va thi nghiém phan cieng thong qua bé kit DS1104.

Tir khéa: Bé nghich lwu ghép, diéu khién d¢ rong xung, nguon mét chiéu.

1. Gi6i thiéu chung

Céu hinh bd chuyén ddi dién dang ton tai ngay
nay con nhiéu han ché vi nhitng gidi han cua thiét
bi ban din. Cac bd nghich luu da bac xuit hién
nham khic phuc cac gidi han dién 4p cua thiét bi
ban dan: Mt trong nhitng tmg dung trudc tién 1a
két ndi giira cac hé thong dién ap cao AC va DC.
Nguyén 1y co ban cua bo nghlch luu da béc 1a két
nbi cang nhiéu thiét bi ndi tiép va kep dién ap.

Céc bd bién ddi da bac da mang lai strc song
cho céc ing dung truyén dong. Tuy nhién, khi mubn
ting cong suat cua bd nghich luu nhung van dap
ung dién 4p DC 16n nhét s& 1am cho chi phi dau tu
dat do vi hé thong dleu khién pha1 duogc th1et ké
cho s6 pha cu thé va cin nhiéu ngudn cung cap.

Bo nghlch Iru ghép nbi tang la mot g1a1 phap
m01 dé khic phuc cac giéi han vé cong sudt. Chi
can sir dung cac thiét bi tiéu chuan két ndi theo cach
m&i 1a cong sudt ting 18n gip doi, c6 kha ning cung
cap cho tai. Pay 1a mot vu diém cua bo nghich luu
ghép ndi tang nhung khong can thiét phai cé cac
phan cimg phirc tap.

Bo nghlch luu ghep nbi tang co céu trac dwa
vao su két ndi ndi tiép mot s loai cu tric co ban
cho mdi pha. Nhiing bo nghich luu nay nhin chung
dugc két ndi tir nhimg bo nghich luu béc thip co
ban nhu: BJ nghich luu 3 pha 2 bac don gian va
b nghich luu 3 pha 2 bac kiéu diode kep. P6i voi
bo ngh1ch Iuu ghép tang duoc cAp tir cac ngudn
mot chiéu riéng biét, dé tdi uu hoéa ton hao, cic
bd nghich luu co ban ¢6 ngudn dién ap DC 16n
dugc uvu tién hoat dong & tan sb ctia hai co ban con
nhitng b nghich luu co ban c6 ngudn dién ap thap
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hon hoat dong & tan sb dong cit cao. Di v6i bod
nghich luu ghép tang duoc cap tir hai nguén DC
cach ly ndi tit tao thanh mot ngudén DC chung dé
don gian hoa cdu hinh mach cong suat, giam chi
phi va khong gap kho khan gay ra boi hién tuong
ngudn DC khong can bang.

Mot sb 1y thuyét da trinh bay mdi quan hé
mat thiét giita phuong phéap diéu ché vector khong
gian (SVPWM) va k¥ thuat didu ché song mang
(CBPWM) trong cac bd nghich luu da bac. Bi
v6i k¥ thuat diéu ché da song mang s& lam cho giai
thuét phire tap va diéu khién kho khin, khé dong bo
hoa h¢ thong diéu khién. Cac phan tich da chimg
minh rang k¥ thuat diéu ché nhiéu song mang co
thé thyc hién bang k¥ thuat mot song mang duy
nhit nhu bd nghich luu hai bac thong thudng. Sy
twong quan nay dugc ung dung trong bai bao nay
dé phat trién thanh k¥ thuat diéu ché song mang,
diéu khién dién ap ngd ra cua bd nghich luu ghép
nbi tang da bac [2].

Trong sudt qua trinh x4y dung bai bao nay, t6i
ludn ldy co sé phan tich dung nhu ky thuat didu
ché song mang truyén thong, trong do:

- Ton that trén cac chuyén mach 1a nho nhat.
Cu thé 1a diéu khién sao cho chi c6 mot chuyén
mach xdy ra trong qua trinh qua d chuyén tiép
giita hai trang thai dong cit.

- Tang giam déu dién 4p ngd ra trong mdi nira
chu ky cta song mang.

- Diéu khién tuyén tinh PWM
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xref

= const. (l)
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2. B nghich Iru ghép ndi ting hai bac hai
ngudn cach ly va phan tich mach

Duya theo nguyén ly cuia thuat toan diéu khién
song mang cho b nghich lru ndi tang cascade. Vi

mot gia tri dién ap dat, gia tri cua thong sb diéu
khién éj s& duoc xac dinh cho mdi bo phat song
mang PWM.

2.1. Mach khao sat
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Hinh 1. So' d6 mach bd nghich luvu ghép dwore tao tir 2 by nghich lwu 3 pha 2 béc

Mach str dung hai bo nghich luu 3 pha 2 bac
chinh tic chiu dong cong suit cao ghép lai v6i nhau
tao thanh bd nghich luu ghép 2 bac.

Thanh phan ctia bo nghich luu ghép 2 béc
trén co 2 nguén DCdoclapco giatridiénaplaVv

Thuat toan tong hop diéu khién séng mang
PWM dugc tmg dung cho ca 3 pha. Phan nghich
lwu phia cao hoat dong véi tan s6 hai co ban trong
khi phan thap ctia bd nghich luu con lai thi c6 thé
dong cit & tan s6 cao. Phan thtr nhat ciia bd nghich
Iru cip nguodn chinh cho tai ¢6 sinh ra mot sé hai
nhung lai duoc bu bai thanh phan thi 2, do d6 no
¢6 chirc nang giéng nhu mot b loc.

2.2. Phén tich mach

So' @6 md hinh mach giai tich

Sau cap linh kién ctia bd nghich luu ghép trén
duogc diéu khién boi cac song diéu khién twong tng
la: é511’ 521’ é:31’ 612’ é‘,22 Vé 632'

Quan h¢ gitra tri trung binh ap nghich luu V
va song diéu khién & ¢ thé mo ta bang cac ham sau:
Vio™ 8" Vas Voo =8, "V s Vi =6,"Y,

V120 - §12*Vd ) V22(): <t722*\/d > V320: <t=32*\]d (2)
Ta co:
Vie=Vie Vi Voo™ Voo~ Vo s
Vo= Vi Vi 3)
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¢) Mach twong duwong
bién ddi tir md hinh b

Hinh 2. M6 hinh gidi tich mach twong dwong

Suy ra:

Bang 1. Quan hé giira cac gia tri dit tong, trang thai ap nghich luu

thanh phén va cac dai hrong diéu khién hai bg nghich hru

VIO - (E—m - E->12)*Vd’

_ V. V. ;V._)
V=, -6)*V, (B [3] j:ljg’j, szl(i ,2,J320 < < x
V., = - *V .
30 (&31 &32 ) d v, (0;V )0 0 1 -1
bat: Vj0 = leo - VJ.20
v6ij=123. 00 0 Y
i g X . \%
’ .;Fu doA’ gl? tr1’trung binh dién Vo<V <0 d v
ap dicu che trén cac pha nhu sau: 4 i V4 jo
(X;V,)® L L
Vd
(0;0)0 0 0
0 0
(V;V)2 1 1
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ta trong Bang 1 dudi dang thuat
toan thr 1 hoac dang thuat toan
AV thtr 2. Vi du khi 4p yéu cau nam

trong gi6i han (-V, 0), c6 thé sir
dung dang thuat toan thir 1 véi su

(X;0) Vf° 0
d
0<V,<V, — o
(V :X)® 1 40
d? Vd
v, (Vd;O)(w) 1 1

Chuyén mach nam & bd nghich luu

2, va bd nghich luu 1 duoc thiét lap

+ Chu thich Bang 1: (13 thuat toan diéu
khién thir 1; @ 1a thut toan diéu khién thir 2. Ton
tai cac phuong an diéu ché khac nhau dé tao ra mot
ap nghich luu trung binh dat gia tri gitra cdc muc
dién ap nguodn. Cac phuong an diéu ché dugc mo

Vomax

Vi max
—4—> Max > >

Chon Vo't

ap bang 0 [2], [3].
Cic céch tinh tin hi¢u diéu khién &
Tir 4p tai 3 pha yéu ciu V> co thé sir dung so
dd Hinh 3 dé xac dinh Ve tur do tmh ra cac tin hi¢u
diéu khién cho cac cip 11nh kién.

Vio Vi

Min min Vomin

L

+L

A 4

/.

Hinh 3. So' dé giai thudt tinh di¢n 4p diéu khién V,,

Tinh V| bang cach: V. =V+V,.
i i g 0
(V, 1a dién 4p common mode). (5)

DPiénap V co thé chon bat ki gia tri ndo trong

gidihanV .V  cuano:
VOmin S VO S VOmax'
Vé6i: V. = V_ —Max,
min d
0 = -V,—Min,
max
Min = min (V,,V,,V,),
Max = max (V,,V,,,V,).

Pham vi diéu khién ap tai:

2%V,
= Nl (6)

Pién ap co ban cia phwong phap diéu
khién 6 buéc:

rmax

2
t6 step = ; * ‘/d . (7)

2.3. K§ thuat diéu ché song mang PWM
- Chi s6 diéu ché tham chiéu/dién ap 3 pha

tham chiéu Vo X=ab,c.

- Tinh toan gid tri ham offset V.
- Tinh toan tin hiéu diéu ché danh dinh E.

- Léy dao ham tin hi¢u danh dinh riéng biét cac
g, »j=1,2,3 bang céch dung thuat toan (1) — Thudt
toan trong Bangl.

- So sanh PWM gitra va dang song mang don
vi s€ cho ra tin hiéu diéu khién.

Trong trudng hop hai bd nghich luu ghép ndi
tang stir dung chung ngudn DC, ta khong thé diéu
khién qua ham offset, vi nhu vy s& lam phat sinh
dong thir ty khong 16n. Do d6 véi cdu hinh nay thi
chi co thé sir dung phuong phap sin PWM, tuc tin
hiéu diéu khién ngd vao phai c6 dang sin, v&i bién
d6 ap cuc dai ngo ra la:

=V, (=1.2,3). ®)

tjmax
3. M6 phong va thi nghiém by nghich luu
ghép 2 bac bing k¥ thuit séng mang PWM
3.1. Mé hinh mach mé phéng bing
matlab/Simulink
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labe

Discrete, labe
Ts=15.14e-006 5. ]
Scope2

W1

Song mang

S .V

Dien ap 1 pha tai1

&
— - W2

vz

Dien ap 1 pha tai2

I [
W3

Xung kich

— V3

Dien ap 1 pha taiz

]

Vab

Nguon DC Bo nghich luu

Tai RL3 pha doixung

Hinh 4. So' dd md phéng téng quat trong Simulink
3.2. So' d6 diéu khién tai 3 pha RL véi 2 nguén DC cach ly

o— L
~220V Vatiac B¢ chinh lyu
g_
Va
Lung PWM Zung kich IGBT
Tin higu dit B didu khidn % Card DSPACE | 0-5V Mach 14i t15V *y Bd nghich luy Ta RL 3 pha
: | | ehép 2bac
Vaz
Z— ,
~270V Variac B§ chinh luu
F—

Hinh 5. So d6 diéu khién tai 3 pha RL véi hai ngudn DC cich ly
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3.3. Luu do chwong trinh giao tiép giira may tinh va phin cing

l ' » us f————p s s axi P Duty oycle 3
Clogk a2
3 —ppin o
bx1 Uty cycle b
_Constant fon 4o »{ U b P Duty oy
_Constant 2 exi P{Duty cycle o
R e L U0 [t U0 ox2

Constantd Embedded OFFSET @—’ P Xop

MATLAB Function

DS1104SL_DSP_P@M3

"L e PO Chanee! 1
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o Scope
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E-—’P‘WCW‘t

DS1104SL_DSP_P'a/M

Hinh 6. Chuong trinh giao tiép giira may tinh va phin cirng qua card DS1104

3.4. M6 hinh phan cirng TLP250 va IC TMA1215; tai 3 pha cin bang RL
- Phé‘in cﬁ’ng du{gc Xﬁy dung dé k]ém chfrng vo1 R=10, L=65 mH (Ghl chu: Thang do Probe cua
Iy thuyét dé xuét, str dung Matlab/Simulink va kit ~ dao dong ky 1a 10).
DSPACE DS1104. RN
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Hinh 8. Két qua dién ap tai pha a bang mé phong
Matlab/Simulink trong khoang thoi gian t =0 — 0,2s
Tek Il L Stop* M Pos: 0.000s CH1

Coupling
B Limit
100rHz

Hinh 7. H¢ thong mach phén cing trong thi nghiém

- Mach thi nghiém phan ciing bao gdm: Mach
cong suat dung IGBT FMG2G100US60; mach
chinh luu diode; mach nguén nudi dung IC7915, AT e TR
1C7815, IC7805, diode N4148; mach deadtime va
mach dém dung 74HCT14; mach lai dung Opto

Hinh 9. Két qua dién ap tai pha a
bang mach phén cirng

103



TRUONG DAI HOC DPONG THAP

Tap chi Khoa hoc s6 39 (08-2019)

'

i
5 1
o 0.005 0.01 0015 0.0z 0.025 0.03 0.a25 0.04 0.095 0.05

Hinh 10. Két qua dong dién tai 3 pha bang
mo phéng Matlab/Simulink trong khoang
thoi gian t =0 — 0,05s

Nhin xét: Két qua dién ap tai va dong dién
tai thu dugc trén phan cing c6 dang hinh sin giong
v&i mo phdong trén phan mém Matlab/Simulink.

[ ] Stop M Pos: 0.000s CH2
Coupling
B Lirnit
M F‘\ \‘ z

1Y

Current

Invert

Off

CH2 2,004 M 5.00ms 1.

1700091016 2509k
Hinh 11. Két qua dong dién tai pha a bang
mach phin cig

3.5.2. Poi vé6i 02 nguon cach ly thue té
Dién ap nguon V.=V,
ché m=0,7; Tan s song mang f =3 kHz; R=10

=100 V; Chi sb diéu

Q; L=65 mH; cos ¢p=0,9798.
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Hinh 12. Két qua dién ap tai pha a bing mé phong Matlab/
Simulink trong khodng thoi gian t =0 — 0,2s
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'
|
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Hinh 14. Két qua dong dién tai 3 pha bing md phéng Matlab/
Simulink trong khoang thoi gian t =0 — 0,05s
Nhian xét: Két qua dién ap tai va dong
dién tai thu duoc trén phan ctng c6 dang hinh
sin giéng v4i mo phong trén phan mém Matlab/
Simulink.

104

Tek S @ Stop I Pos: 0,000s 1
+

H1 5.00v M 5.0Cms CH1 7 0,00
13-0ct-03 18:01 12,3200kHz

Hinh 13. Két qua di¢n ap tii pha a biang
mach phin clg

Tek Al @ Stop M Pos: 0,000s CH2
+
24 | % Jl ‘
[

‘ Current
Inwert

Off

CH2 2004 M5.0Cms H1

17-0ct-03 10:16

Hinh 15. Két qua dong dién tai pha a bang
mach phan cirng

3.5.3. Poi vé6i 02 nguon DC cach ly Iy twong

bién ap nguon vV, =V, =100 V; Chi s6 didu
ché m=0,7; Tan sb song mang f =6 kHz; R=10 Q;
L=65 mH; cos =0,9798.
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Hinh 16. Két qua dién 4p tai pha a bing mé phéng Matlab/
Simulink trong khoang thdi gian t =0 — 0,1s

Y )

i i

5 | r
0 0.005 0.01 0015 002 0.025 0.0z 0.0e5 0.04 0.045 005

Hinh 18. Két qua dong dién tai 3 pha bing md phéng Matlab/
Simulink trong khodng thoi gian t =0 — 0,05s

Tek Il @ Stop M Pos: 0.000s H1
+

[ ‘ I | B B Limit
) . W
\ ‘ oo R oo
Pl pl L
P ‘ ]

“ ! ! ! 1 i “‘ i

N L 1

L | I olt

l' 4 " 4 Inver

0ff]

CHT 5,00V M 5.00ms CHT /7 15.8Y
17-0ct-03 10:15 1.65236kHz

Hinh 17. Két qua dién 4p tai pha a bing
mach phén cig

Tek Al @ Stop M Pos: 0,000 CH2
+
Coupling
B Limit
I 100rHz
A Yalt
2% X

Probe
1484
Current

CH2 2,004 1 5.00ms CH1 7 15.8Y
17-0ct-03 10:16 2.29999kHz

Hinh 19. Két qua dong dién tai pha a bing
mach phin cing

Nhian xét: Két qua dién ap tai va dong 3.5.4. Boi v6i 02 nguon DC cach ly Iy twong
dién tai thu dugc trén phan cung c6 dang hinh Di¢n ap nguon V, =V, =100 V; Chi s6 di€u
sin giong v6i mo phong trén phan mém Matlab/  c¢h€ m=0,7; Tan s6 song mang f = 3 kHz; R=10 Q;
Simulink. L=65 mH; cos ¢=0,9798.

150 Tek .. .Stop* M Pos: 0.000s CHY
100 -+
% 50 3
'_%LO eniies SO cuines SRIEE. | ot #
i &0
a
100 - - i i ] 1 0 0 Invert
| BN B B | B off
T nlm nloa uloa 0]1 0 0w 0115 Ul18 0z [ pE Sl U
' ' ' ' ' ‘ ‘ ‘ ' ' 13-00t-09 1801 123200042

Hinh 20. Két qua dién ap tai pha a bing mé phéng Matlab/
Simulink trong khodng thoi gian t =0 — 0,2s

Hinh 21. Két qua dién ap tii pha a bing
mach phan cirng
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Hinh 22. Két qua dong dién tai 3 pha bing md phong Matlab/

Simulink trong khodng thoi gian t =0 — 0,05s

Nhin xét: Két qua dién ap tai va dong dién
tai thu dugc trén phan ctig c6 dang hinh sin gidng
v6i mo phong trén phan mém Matlab/Simulink.

3.5.5. Nhdn xét chung

- Chét luong dién ap va dong dién tai thu dugc
qua dao dong ky sd 1a dat yéu cau so vai trén phan
mém mé phong Matlab — Simulink.

- V6i tan s6 song mang 6 kHz thi ap va dong
ra min hon véi tan s6 séng mang 3 kHz.

- Khi sir dung ngudn thuc té, 36 méo dang dong
va 4p la khong thay d6i nhiéu nhung bién d6 dinh
¢6 sy dao dong manh so véi ngudn DC 1y tudng.

0.095

M 5.00ms
17-0ct-03 10:16

Hinh 23. Két qua dong dién tai pha a bing
mach phan cing

0.05

4. Két luin

Bai bao mo ta ng dung giai thuat song mang
PWM dé diéu khién bo nghich luu ghép ndi tang
hai bac. Két qua mo phong va thi nghiém trén b kit
DSPACE DS1104 d4 khang dinh tinh dung dan ciia
giai thuat song mang PWM d3 dé xuit. Viéc diéu
khién song mang PWM thanh céng cho bo nghich
lwu ghép ndi tang hai bac 14 co so dé ap dung diéu
khién cho céac bd nghich luu bac cao hon, tiép can
phuong phap tri¢t tiéu dién &p common mode trong
cac bd nghich luu khac nhau, cling nhu kha néng
mo rong dién ap ngd ra trong ving qué diéu 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 carrier based PWM approach. The proposed method has been validated by simulation
results and verified by the experiment using DSP controller DSPACE kit DS1104.

Keywords: Dual inverter, PWM control, DC source.
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