
TKUONG DAI HOC DONG THAP Tap chl Khoa hpc so 39 (08-2019) 

DIEU KHIEN BO N G H I C H LlTU G H E P T A N G HAI B A C 

B A N G K Y T H U A T SONG M A N G P W M 

• Phan Thanh Hoang Anh" 
Tdm tat 

Hiin nay, nhiiu nghien cieu vi bd nghich luu ghep noi tdng da bdc nhdm dan gidn hda cdu hinh 
mgch phdn eieng vd giam gid ihdnh he thdng Bdi bdo gidi thieu bo nghich luu ghep ndi tdng 2 bgc gom 
2 bp nghich lieu hai bgc ehudn vdi ky ihudt dieu chi song mang PWM. Gidi thudt da dugc kiem ehimg 
tinh diing dan qua kit qud md phdng vd thi nghiim phdn cung thdng qua bp kit DSI 104. 

Tu khda: Bd nghich lint ghep, dieu khien do rpng xung, nguon mdt chieu. 

1. Gidi thieu chung 
Cau hinh bp chuyen ddi dien dang ton tai ngay 

nay cdn nhieu han ehe vi nhijng gidi han ciia thiet 
bi ban dan Cae bd nghich luu da bae xuat hien 
nham khae phuc eae gidi han dien ap cua thiet bi 
ban dan: Mpt trong nhiing img dung trudc tien la 
ket noi giua cae he thong dien ap cao AC va DC. 
Nguyen ly co ban cua bg nghich luu da bae la ket 
ndi cang nhieu thiet bj noi tiep va kep dien ap. 

Cac bd bien ddi da bae da mang lai sire song 
cho cae img dung truyen ddng. Tuy nhien, khi mudn 
tang cdng suat eua bg nghich luu nhung van dap 
ling dien ap DC ldn nhat se lam cho chi phi dau tu 
dat do vi he thdng dieu khien phai dugc thiet ke 
cho sd pha cu the va can nhieu nguon cung cap 

Bp nghieh luu ghep noi tang la mdt giai phap 
mdi de khae phuc eae gidi ban ve cong suat. Chi 

bon hoat dpng d tan so ddng cat cao. Doi vdi bp 
nghich luu ghep tang dugc cap tir hai nguon DC 
each ly noi t5t tao thanh mgt nguon DC chung de 
don gian hda cau hinh mach cdng suat, giam ehi 
phi va khdng gap khd khan gay ra bdi hien tuong 
nguon DC khong can bang. 

Mgt so ly thuyet da trinh bay moi quan h? 
mat thiet giiia phuong phap dieu che vector khong 
gian (SVPWM) va ky thuat dieu che sdng mang 
(CBPWM) trong cac bd nghich luu da bae. Doi 
vdi ky thuat dieu che da sdng mang se lam eho giai 
thuat phiic tap va dieu khien kho khan, khd dong bp 
hda he thong dieu khien Cac phan tich da chimg 
minh rang ky thuat dieu che nhieu sdng mang co 
the thuc hien bang ky thuat mdt sdng mang duy 
nhat nhu bg nghich luu hai bae thdng thudng. Sir 
tuang quan nay duoc img dung trong bai bao nay 

e§n su dung eae thiet bi^tieu chuSn kit noi tiieo each 5^ ph^t tnen thanh ky tiiuat' dieu che sdng mang, 
mdi la edng suat tang len gap ddi, cd kha nang eung 
cap cho tai Day la mdt uu diem cua bp nghjch luu 
ghep ndi tang nhung khdng can thiet phai cd cac 
phan Cling phirc tap. 

Bd nghich luu ghep noi tang cd cau tnic dua 
vao su ket ndi noi tiep mgt sd loai cau triic co ban 
cho mdi pha Nhimg bd nghich luu nay nhin ehung 
duac ket noi tir nhiing bg nghich luu bae thap co 
ban nhu' Bd nghich luu 3 pha 2 bae don gian va 
bg nghich luu 3 pha 2 bae kieu diode kep. Doi vdi 
bd nghich luu ghep tang dugc cap tir cac nguon 
mdt ehieu neng biet, de tdi uu hda tdn hao, cac 
bg nghich luu co ban cd nguon dien ap DC ldn 
duge uu ti en hoat ddng d tan so cua hai co ban con 
nhirng bd nghieh luu co ban cd ngudn dien ap thap 

dieu khien dien ap ngd ra ciia bg nghich luu ghep 
noi tang da bae [2]. 

Trong sudt qua trinh xay dung bai bao nay, toi 
ludn lay co sd phan tich diing nhu ky thuat dieu 
che sdng mang truyen thong, trong do: 

- Tdn that tren cac chuyen m^ch la nhd nhat. 
Cu the la dieu khien sao cho chi co mdt chuyen 
m^eh xay ra trong qua trinh qua dp chuyen tiep 
giira hai trang thai dong c5t. 

- Tang giam deu dien ap ngd ra trong mdi nita 
chu ky eua sdng mang. 

- Dieu khien tuyen tinh PWM 

<'* Tmiitig Dili hoc Ba Ria - Vung Tau 
dV..., 
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2. Bo nghich luu ghep noi tang hai b^c hai mdt gia tri dien ap dat, gia tri cua thdng so dieu 
nguon each ly va phan tich mach khien ^ se dugc xac dinh eho moi bp phat sdng 

Dya theo nguyen Iy ciia thuat toan dieu khien mang PWM. 
sdng mang cho bd nghich luu noi tang cascade. Vdi 2.1. Mach khao sat 

nfe nfe nte 

40 
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r S 'Z l 

S31 

r s ' 3 i " ? : 

—r- r 1 ^̂ ^̂  ^^^ ^^i 

H& nfe nfe i A A 
'i(h 

Hinh 1. So do m^ch bd nghich lim ghep dugc tao tir 2 bo nghich luu 3 pha 2 bae 

M^eh sii dung hai bg nghich luu 3 pha 2 bae 
chinh t4c chiu ddng cong suat cao ghep lai vdi nhau 
tao thanh bo nghich luu ghep 2 bae. 

Thanh phan cua bg nghich luu ghep 2 bae 
tren cd 2 nguon DC dpc lap cd gia tri dien ap la V .̂ 

Thuat toan tong hgp dieu khien sdng mang 
PWM dugc img dung cho ca 3 pha, Phan nghich 
luu phia cao boat dgng vdi tan so hai eo ban trong 
khi phan thap eua bg nghich luu cdn lai thi cd the 
ddng cat d tan so eao Phan thir nhat cua bo nghich 
luu cap ngudn chinh cho tai cd smh ra mdt so hai 
nhung lai dugc bu bdi thanh phan thii 2, do dd nd 
ed chirc nang giong nhu mpt bg Ige. 

2.2. Phan tich mach 

So do mo hinh mach giai tich 

Sau cap linh kien cua bd nghich luu ghep tren 
dugc dieu khien bdi eae sdng dieu khien tuong img 
I a : ^ „ , 4 , e 3 , , c , „ 4 , v a 4 , . 

Quan he giira tri trung binh ap nghich luu V^ 
va sdng dieu khien c ed the md ta bang cac ham sau: 

'^ l lO ' '11 ^ d ' *^210 ' '21 * d ' * 3 1 0 ^31 '^d 

V = P *V - V = £. *V V - £. *V (2) 
^^120 '^12 * d ' ^220 ^=22 * d ' * 320 ^^2 ^ d V*^' 

Tacd. 

V - V - V • V ^ V - V • 
* 310 * -20 (3) 

99 



TRUCfNG DAI HOC DONG THAI Tap chi Khoa hgc so 39 (08-2019) 

VHO V120 

V210 V220 

V310 V320 
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b) Mach tuong duong 
bien doi tir mo hinh a 

M£> 
a) M^ch tirong duong 

bien doi tir mach khao sit (Hinb 1) 

V I O 

V 2 0 

V t l 

V 3 0 

^AAAr-

-HAAr _l/YYY^ ., 

'AA/\ 
c) Macb tuong duong 
bien doi tir mo hinb b 

Hinh 2. Mo hinh giai tich mach tuong duong 

Suy ra, 

V,„ = ( 5 „ - U * V , . (4) [3] 

Dat:V„ = V,„-V,„ 

vai j = 1,2,3 

Tu do gia tn tnmg binh dien 
ap dieu cite tren cac plia nhu sau; 

Bang 1. Quan he giira cac gia tri dat tong, trang thai ap nghich Imi 
thanh phan va cac dai Iwong dieu lihi^n hai bd nghich Imi 

J-1,2,3 

-V, 

- V , < V , < 0 

0 

(V • V ) 
' ]'0' 120' 

1=1,2,3 

(0;V,)moi 

(0,X)<'' 

( X ; V / i 

(0;0f> 

(\',;V,)"> 

f.i 

0 

0 

0 
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<'<v.<v. 

VJ 

(X;0)<'> 

<y,.Xf" 

<Va;0)„x„ 

1 

1 

0 

0 

V,. 

1 

+ Chii thich Bang 1: ''Ma thuat toan dieu 
khien thii 1, '̂ ^ la thuat toan dieu khien thii 2. Ton 
t^ cac phuang an dieu che khae nhau de tao ra mgt 
ap nghich luu trung binh dat gia tri giira cac miic 
dien ap ngudn. Cac phuong an dieu che dugc md 

ta trong Bang 1 dudi dang thu|t 
toan thir 1 ho^c d^ng thuat toan 
thii 2. Vi du khi ap yeu cau n5m 
trong gidi ban {-V ,̂ 0), cd the sir 
dung dang thuat toan thir 1 vdi su 
chuyen mach nam d bd nghich luu 
2, vabg nghich luu 1 dugc thiet l |p 
apbangO[2], [3] 

Cac each tinh tin hieu dieu khien ^: 
Tir ap tii 3 pha yeu cau V^, cd the sii dung so 

do Hinh 3 de xae djnh V ^ tir dd tinh ra cac tin hi$u 
dieu khien cho cac cap Hnh kien. 

^" » • , Max 
Mm 

_ n i ; ^ p - M W 
min Voniu 

, 1 1 Chon Vo+ 

+ 
z 

V,. r 

[ 

Hinb 3. So do giai tbuat tinh diln ip dieu kbien V̂  

Tinh VQ bSng each: Vo=Vy+Vo. 

(V„ la dien ap common mode). (5) 

Dien ap V^ cd the chon bat ki gia tri nao trong 

tham ehieu y^, x = a,b,c. 

- Tinh toan gia tri ham offset V .̂ 

gidi ban V̂ ^̂  

Voi 

Phai 

V ^ < 

V 

V 
cmia. 

Min 

Max 

V < V 
0 — Omax* 

= Vj -Max , 

= -V_|-Min, 

= min(V,„V,„V,), 

= max(V„,V,,,VJ 

n vi dieu khien ap tai: 

K„. (6) 

Dien ap co ban cua phircrng phap dieu 
khien 6 biroc: 

K5„„=-*K,- (7) 

2.3. Ky thuat dieu che song mang PWM 

- Chi so dieu che tham cbieu/dien ap 3 pha 

- Tinh toan tin hieu dieu ehe danh dinh ^ . 

- Lay dao ham tin hieu danh dinh rieng biet cac 
^^, j =1,2,3 bSng each diing thuat toan (1)-Thuat 
toan trong Bang]. 

- So sanh PWM giiia va dang sdng mang don 
VI se cho ra tin hieu dieu khien. 

Trong trudng hgp hai bg nghich luu ghep noi 
tang su dung ehung nguon DC, ta khdng the dieu 
khien qua ham offset, vi nhu vay se lam phat smh 
ddng thir tu khong ldn. Do do vdi cau hinh nay thi 
chi cd the su dung phuong phap sin PWM, tiie tin 
hieu dieu khien ngd vao phai co dang sin, vdi bien 
do ap cue dai ngd ra la; 

V,„„ = V, 0=1.2,3). (8) 

3. Mo phong va thi nghiem bo nghich lini 
ghep 2 bae bang ky thuat song mang PWM 

3.1 . Mo hinh mach mo phdng b i n g 
matlab/SimuHnk 
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Discrete, 
Ts=514e-006s, 

PhaB 

PhaAl 

jPhaCI 

H 
' 

Ijbo 
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V2 

tai2 
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V3 
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• • 1 = ^ 

1 

rn 
V2 

rn 
V3 

taiS 

Nguon DC Bo nghich luu -^3, RL3 pha doi xung 

Hinb 4. So do md phong tong quat trong Simulink 

3.2. Stf do dieu khien tai 3 pha RL vo^ 2 nguon DC each ly 

CardDSPACE 0-5V ) M?chli 
iz 

±15V ^Bonghichltfu [ TiiRLJpha 
ip 2 bSc ' ' 

^ 

Hinh 5. Sff do dieu lihien tai 3 pha RL vfti hai nguon DC each ly 
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3.3. Lini do cfairomg trinh giao tiep giira may tinh va phan cimg 

IZF-
Constanta 

Emb«dd«d 
MATLAB Function 

^ j S«Op« 

H-

Dutyoyetoa 

Ouiyoy«l«b 

Ouiy«y(too 

niMStop 

DSI 104Sl^0SP_Pl|«« 

PVMChvrMtl 

PWMChamifl 

PMMCh»VMl4 

DS11IMSl^DSP_PWM 

Hinh 6. Cbuotig trinh giao tiep giira may tinh v^ ph^n cung qua card DS1104 

3.4. Mo hinh phan cmig TLP250 va IC TMA1215; tai 3 pha can b5ng RL 

- Phan cimg dugc xay dung de kiem chimg vdiR=10,L=65mH(Ghi chu; Thang do Probe cua 
ly thuyet de xuat, su dung Matlab/Simulink va kit dao dgng ky la 10). 
DSPACEDSn04. 

Hinb S. Ket qua dien ap tai pha a bang mo phong 
Matlab/Simulink trong kboang thid gian t = 0 ~> O^s 

T e k _Jl,_ • S t o p _ MPOROOOOS CMI 

Hmb 7. H$ thong mach phAn cung trong tbi nghiem 

- Maeh thi nghiem phan cung bao gom: Mach 
cdng suat dung IGBT FMG2G100US60; mach 
chinh luu diode; mach nguon nudi dung IC7915, 
IC7815, IC7805, diode N4148; mach deadhme va 
mach dem dung 74HCT14, mach lai diing Opto 

17- to -03 10:15 l.i^S; fikhr 

Hinh 9. Ket qua diSn Ap tii pha a 
bang m^cb phan cung 

1 0 3 
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Hinb 10. Ket qua dong dien tai 3 pha bang 
mo phong Matlab/Simulink trong khoang 

tbofi gian t = 0 -> 0,05s 

Nhan xet: Ket qud dien ap tai va ddng dien 
tai thu dugc tren phan ciing cd dang hinh sin giong 
vdi mo phdng tren phan mem Matlab/Simulink, 

Hinh 11. Ket qua dong dien tai pba a bing 
macb pban cung 

3.5 2 Ddi vdi 02 ngudn each ly thuc te 

Dien ap nguon V î ^V^j=100 V; Chi so dieu 
che m=0,7; Tan so sdng mang f̂^ = 3 kHz; R^IO 
Q; L-65 mH; cos ^-0,9798. 

Hiob 12. Ket qua di^n ap tai pha a bang md pbong Matlab/ 
Simulink trong kboang thoi gian t = 0 -> 0,2s 

:H1 SmV MSJCms * ' ,EHl i / 

Hinh 13. Ket qua dien ^p tai pba a bang 
macb pban cung 

~^\X 

i 1 1 

\ 7\ 

i 
0015 0.02 0,025 0(0 

Hinh 15. Ket qua dong dien tai pha a b^ng 
mach phan cirng 

Hinh 14. Ket qua dong diln tai 3 pha bang mo pbong Matlab/ 
Simulink trong khoang thai gian t = 0 -> 0,05s 

Nhan xet: Ket qua dien ap tai va ddng 3 5.3. Doi vdi 02 nguon DC each ly ly ludng 
dien tai thu duoc tren phan ciing cd dang hinh eien ap nguon V ,̂ = V^̂  =-100 V, Chi so dieu 
sin giong vdi mo phdng tren phan mem Matlab/ che m=0,7; Tan so sdng mang f„ = 6 kHz, R=10 fl; 
Simulink. L=65 mH; cos =0,9798 
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0 01 ace 0.1 

Hinh 16. Ket qua dien ap tai pha a bang mo pbong Matlab/ 
Simulink trong khoang thoi gian t = 0 -> 0,1s ETinh 17. Ket qua diln ap tai pba a bang 

m^cb pban cung 

0.02 00^5 

Hinh 18. Ket qua dong dien tai 3 pha bang mo phong Matlab/ 
Simulink trong kboang thtri gian f = 0 -> 0,05s 

Hinb 19. Ket qua dong dien tai pha a bang 
macb phan cihig 

Nhan xet: Ket qua dien ap tai va ddng 3.5.4. Ddi vdi 02 ngudn DC each ly ly ludng 
dien tai thu dugc tren phan ciing cd dang hinh Dien ap nguon V ,̂ = V^̂  =100 V; Chi so dieu 
sin giong vdi md phong tren phan mem Matlab/ che m=0,7; Tan so song mang f„ = 3 kHz, R^IO Q; 
Simulink, L=65 mH; cos «9=0,9798 

13-Oct-B313:01 12,3200kHz 

1 20. Ket qua dien ap tai pha a bang md phong Matlab/ 
Simulink trong kboang thoi gian t = 0 ^ 0,2s 

Hinh 21. Ket qua dien ap tai pha a bing 
macb pban cirng 
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/ ; 

^^ ': 2S$S5 
17H3ra-09 10:16 Z,S39a9iiHZJ t ? S 

Hinb 23. Ket qua doog dien tai pha a b^g 
macb phan cung 

4. Ket lu^n 
Bai bao md ta img dung giai thuat sdng mang 

PWM de dieu khien bd nghich luu ghep noi tang 
hai bae. Ket qua md phdng va thi nghiem tren bo kit 
DSPACE DS 1104 da k h k g dinh tinh diing d&i ciia 
giai thuat sdng mang PWM da de xuat, Vi^c dieu 
khien sdng mang PWM thanh cong cho bp nghich 
luu ghep ndi tang hai bae la co sd de ap dung dilu 
khien cho cac bo nghich luu bae cao hon, tiep can 
phuong phap tnet tieu dien ap common mode trong 
cae bd nghich luu khae nhau, ciang nhu kha nang 
md rdng dien ap ngo ra trong vimg qua dieu che./. 

Hinh 22. Ket qua dong dien tai 3 pba bing mo pbong Matlab/ 
Simulink trong khoang tb&i gian t = 0 -* 0,05s 

Nhan xet: Ket qua dien ap tai va ddng dien 
tai thu duoc tren phan ciing co dang hinh sin giong 
vdi md phdng tren phan mem Matlab/Simulmk. 

3-5.5. Nhdn xet chung 
- Ch4t lugng dien ap va ddng di^n tai thu duoc 

qua dao ddng ky so la dat yeu cau so vdi tren phan 
mem md phdng Matlab - Simulink 

- Vdi tan sd sdng mang 6 kHz thi ap va ddng 
ra min ban vdi tan so sdng mang 3 kHz 

- Khi su dung ngudn thuc te, do meo dang ddng 
va ap la khdng thay doi nhieu nhung bien dp dinh 
cd su dao ddng manh so vdi nguon DC ly tudng. 
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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 simphfying 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 DS 1104. 

Keywords. Dual mverter, PWM control, DC source. 
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