
Ngo Minh DiJrc va Dtg Tap chi KHOA HOC & CONG NGHE 132(02): 43-50 

NGHIEN Ci ru DIEU KHIEN BO BIEN DOI filEN TU" CONG SUAT 
KHAI THAC N G U 6 N PIN MAT TRCtt TREN MO HINH THIET BI THlTC 

Ng6 Minh fiirc', Le Tien Phong, Ngo Due Minh 
Trudng Dgi hpc Ky thuat Cong nghiep - DH Thdi Nguyen 

TOM T A T 
Hien tai, hS ngudn khai thac nang luong tai tao noi chung va nang lugng Mat trdi n6i riSng mang 
l̂ i hieu suat cao nhat do \h nhd su dong gop cua cic bg biin d6i dien tir cong sudt va ky thuat dilu 
khiln hifin dai, Phan loai theo hudng truy€n c6ng su3t va yeu cau co lap giiJa cac phia, bo biin doi 
CO the dugc su dung voi nhieu muc dich khic nhau trong he thong khai thac n5ng luong tii pin mat 
trdi nhu dap ling cho cac phu tai, thay dii che d6 phong nap cho kho n3ng lugng hoSc chi do phdt, 
thu nSng lugng so vdi ludi dien. Bai bao xay dung m6t mang dien c6 lap khai thac pin mat trin va 
phan tich hoat ddng cua khoi mSt chifiu DC/DC lam nhiem vu nap - xa dien cho ac quy trong dieu 
kien thuc te co nhilu thay doi: nSng lugng phia diu vao thay doi vl cudng dO chieu xa hoac phia 
dau ra thay doi ve cong suat thu (thay dii tai). M6t mo hinh thuc nghi6m cho bo biin dli DC/DC 
kieu flyback kit hop vdi chi6n luge dilu khiln dong nap cho ac quy duoc xay dung dl nghien ciiu 
ddp ting ciia bo biSn doi theo dieu kien tu nhien va phu tai. 
TIT kh6a: Pm mdt trdi, dien gid, bd bien ddi, mdt hudng, hai hudng, cdch ly, khong each ly. 

TONG QUAN VE VAN DE KHAI THAC 
NANG LU0NG TU" PIN MAT T R 6 I 
Nang lugng mat trdi co the dugc khai thac 
dudi dang nha may nhiet dien mat trdi hoac 
pin mat trdi. Trong do, pin mat trdi hay nguon 
pin mat trdi, dugc ggi chung la PVg 
(Photovoltaic generation), dugc coi la mgt 
trong nhung dang nguon phan tan trong he 
thong dien. 

Dien nang phat ra tir PVg it khi dugc dung de 
cap dien true tiep cho phu tai vi dac trung cua 
dang nguon nay la khong on dinh. Nang 
lugng tiJr PVg chi cd vao nhu'ng thdi diem cd 
buc xa mat trdi (ban ngay) va luon bien thien 
theo cac yeu td khach quan nhu cudng do buc 
xa, nhiet do. Do vay, dang nguon nay thudng 
dap urng cho phu tai hoac ludi dien thong qua 
cac bg biin d6i (BBD) dien tu cdng suit. 
PVg CO thi dugc khai thac dudi dang dap ung 
cho cac phu tai Ian can (mgt chieu, xoay 
chieu), kit ndi ludi A% day cong suat vao ludi 
hoac thu nh|p cong suat tu ludi dl phuc vu 
cho muc dich van hanh he thong. Hinh 1 mo 
ta cSu true cua mgt he thong khai thac PVg 
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Hinh 1, Md hinh khai thdc PVg 

DC/DC: BBD ddng dien mgt chilu thanh 
dong di8n mgt chieu. 

DC/AC: Bg nghjch luu bien doi ddng dien 
mot chilu thanh dong dien xoay chilu. 
Tuy theo chu-c nang ciia bg bi8n ddi, co the 
phan chia BBD theo hudng (mgt hudng, hai 
hudng) hay theo yeu cau co lap giiJa cac phia 
(each ly, khong each ly). Ket hgp vdi cac thiet 
bi dilu khiln nhu diode, mosfet hay IGBT, 
cac bg bien ddi dien tir cdng suat nay dang 
giup cho PVg trd nen phd bien hon. Bai bao 
nay se gidi thieu mgt s6 BBD dien ttr cong 
suat da va dang dugc su dung hien nay. 
CAc BBD D I E N Tir CONG S U A T KHAI 

T H A C N A N G LUONG TU' PVG 

Nang lugng phat tir PVg dugc khai thac thong 
qua cac BBD dien tu cdng suit. Hinh 2 cho 
thay su phan loai theo hudng truyen cdng suat 
cac bg biin ddi trong he ngudn nay. [4-6] 
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A 
a. Mot hudng b. Hai hudng 

Hinh 2. Phan logi BBD dien tic cdng sudt khai 
thdc nang luang til PVg 

Co thi thiy r5ng, cac bg biin doi dugc phan 
thanh hai loai: 
• BBD mdt hudng (hinh 2a): Chi truyen cong 
suit theo mgt hudng nhit djnh. Ddng dien dau 
vao I] va diu ra h cua BBD dugc quy udc chi 
CO gia tri duong. BBD nay dugc dung dl lien 
kit PVg, phu tai mot chilu hoac xoay chilu. 

• BBD mgt hudng (hinh 2b): Cho phep truyin 
cdng suat theo ca hai hudng (xuoi hoac 
ngugc). Dong dien dau vao I| va dau ra I2 cua 
BBD dugc quy udc c6 gia tri duong (khi 
truyin tai xuoi) va co gia tri am (khi truyin tai 
ngugc). BBD nay dugc diing de lien ket kho 
nang lugng vao thanh cai mgt chieu (thuc 
hien che dg phong hoac nap) hoac lien ket 
thanh cai m6t chieu vdi ludi dien (phat dien 
nang vao ludi hoac nhan dien nang tu ludi). 
De dap ung dugc yeu cau truyen tai cdng suat 
cua he nguon, cau true va nguyen ly boat 
dgng cua mgt so BBD phii hgp da dugc phat 
trien va dng dung. 

BBS mgt hirdng 

Bo DC/DC khong cdch ly: 

• Bg boost (hinh 3): [7] 
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b. K dong c. K m i 
Hinh 3. BBD DC/DC boost 

Chuyen mach K dong md theo cllu Ity. Khi K 
dong, cuon cam duoc n6i v6i nguon 1 chiSu 
va cupn Idiang tich nang luong trong thai gian 
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t„.. Khi K mo, cuOn Ichang gia i "™8 
luong qua Diode D tcri tai trong '. - • g'^" W 
Nhu vay, thong qua viec diSu khi6n thcfi gian 
dong mo cua khoa diSu khijn K, nang luong 
duoc tich phong trong cuon cam se lam cho 
dien ap diu ra ciia BBD lu6n luon tang cao hon 
so vin dien ap dau vao theo cong thirc (1): 

°" 1-jt 
(1) 

A = ^ la h$ s6 dac trung cho khoang 

thai gian din dong qua khoa K. 

• Bo buck (hinh 4): [7] 
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b. K ddng c. K. md 

Hinh 4. Bd BBD DC/DC buck 

Trong thdi gian md, khoa K thdng cho ddng 
di qua, dien ap mgt chilu dugc nap vao tu C2 
va cap nang lugng cho tai qua cugn khang L, 
Trong thgi gian dong, khda K dong lai khong 
cho ddng qua nira, nang lugng 1 chieu tir dau 
vao bang 0. Tuy nhien tai van dugc cung cap 
diy dti dien nhd nang lugng luu tren cugn 
khang va tu dien do diode khep kin mach. 
Nhu v^y cugn khang va tu dien cd tac dyng 
luu giu nang lugng trong thdi gian ngSn dl 
duy tri mach khi khda K ddng. 
Dien ap diu ra xac dinh theo cdng thuc (2): 

Km = ^K (2) 

Bg biin ddi buck hoac boost nay dugc si> 
dung &k dilu khien PVg 1 chilu trong trudng 
hgp dien ap ciia hai ngudn nay luon Idn hon 
dien ap ciia thanh cai DC. 
• Bg buck-boost (hinh 5)' [7] 
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BBB AC/DC khong aich ly (hinh 7) 

b. Kdong |̂]i" c. K ma 

Hinh 5. BBD DC/DC bucli-boosi 

Cho phep dieu khien dien ap dau ra 16n hon 

hoac nho han di$n ap dau vao tiiy theo he so k 

theo cong thiic (3): 

l-k 
(3) 

Khi k > 0,5 thi VQUI > Vm va ngugc lai. 

Bg bien ddi nay dugc sir dyng trong trudng 
hgp dien ap cua cac ngudn co thi Idn hon 
hogc nho hon di?n ap thanh cai DC. 
BBD DC/DC each ly 17-9] 
Cach ly ve dien cd the dugc thuc hien vdi cac 
thiet bi ddi hdi dam bao an toan, giam dn 
cung nhu kha nang v$n hanh chinh xac cua 
cac thilt bi bao v?. Viec each ly giira phia diu 
vao va diu ra cua BBD co thi thuc hien bing 
each su dung may bien ap trong mach dien tu 
cdng suat vdi tin s6 cao. So dl ciu triic BBD 
DC/DC each ly dugc cho tren hinh 4. 

A 
- t > t -

1 A 

Hinh 6. BBD DC/DC cdch ly 

Dien nang dugc truyin tii diu vao den dau ra 
BBD bing each bien ddi dong dien mgt chieu 
d diu vao thanh ddng di?n xoay chilu roi cam 
ling qua mach tir sang phia thii cap. Dong 
dien xoay chilu cam dng d phia thu c§p dugc 
chinh luu thanh dong dien mgt chieu d diu ra 
ciia mach bdi diode D. 

m 
tlA 

Hinh 7. BBD AC/DC khong cdch ly 

Bg chinh luu ddng dien xoay chieu 3 pha 

thanh dong dien mdt chieu nay dugc sir dung 

dl dap ung cho tai mgt chieu tir thanh cai 

xoay chilu. [7] 

BBD hai hudng 

BBD hai hudng cho phep truyen tai cdng suat 

ca theo chieu xuoi va theo chieu ngugc nen 

phii hgp de thay doi che dg phong nap cho 

kho nang lugng (DC/DC hai hudng) ho|c che 

do thu phat giira he ngudn vdi ludi dien 

(DC/AC hai hudng). 

BBB khong each ly 

• Bo DC/DC buck-boost (hinh 8) |4-6] 

D D 

Hinh 8. Bd DC/DC buck-boost 

Vdi BBD DC/DC buck-boost hai hudng (hinh 

8a): Khi truyin cong suit theo chilu thuan (tir 

trai sang phai) thi SI dan theo lenh dilu khiln 

con S2 luon md; Khi truyen cdng suat theo 

chilu nghich (tir phai sang trai) thi S2 din 

theo lenh dieu khien con SI luon md. Thdi 

gian chet nho dugc tao ra trong giai doan 

chuyen che do de tranh viec dan ddng qua hai 

khoa dieu khiln va tu dau ra cua BBD. 

• BBD DC/DC buck-boost xep chong (hinh 

9) [4-6] 
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Hinh 9. BBD DC/DC buck-boost xep chong 

BBD DC/DC buck-boost hai hudng xep 
ching (hinh 8b) cho phep dien ap dau ra Idn 
hon hoac nho hon dien ap dau vao phu thugc 
vao viec ket hgp cac khoa dieu khien va 
hudng dong dien. Ci che do tang ap theo chieu 
thuan, SI luon dan, S2 va S4 luon md trong 
khi S3 boat dgng theo lenh dieu khien. Ci che 
do giam ap theo chieu thuan, 81 hoat ddng 
theo lenh dieu khiln va S2, S3, S4 luon md; 
02 va D3 luon phan cue nguoc trong khi D4 
luon phan cue thuan. D4 hoat dgng nhu mgt 
diode xoay tu do. Tuong tu d che do tang ap 
theo chilu nghjch, S3 ludn dan trong khi S4 
hoat dgng theo lenh dieu khien va Dl hoat 
dgng nhu I diode xoay tu do. 
• BBD DC/DC Cuk (hinh 10) [7| 

tri hieu dung ddng dien qua tu dien '& '^^^ 
cao hon 1/3 dong dien diu ra \ ' . -ly- ^ugn 
cam, cac khda dilu khiln, tu dien irong BBD 
buck-boost phat nhiet nhilu hon, ton thSt 
nhilu hon, dl gay bao hoa trong cugn cam 
hon va do dd hieu suit se thip hon so vdi bo 
buck-boost xep chong. 

Tuy nhien, sd lugng thilt bi ciia bg buck-
boost xip ch6ng lai nhilu gip doi so vdi bo 
buck-boost thdng thudng. 
• BBD DC/DC Dwa cau (hinh 11) \5] 

Hinh \0. Bd DC/DC Cuk 

Tu C ho^t dgng nhu phan tu tich tru nang 
lugng chinh cua mach trong khi cac tu CI va 
C2 hoat dgng nhu cac tu ghep. Di?n ap diu 
ra CO the Idn han hoac nhd hon dien ap diu 
vao giong nhu BBD buck-boost nhung phan 
cue ngugc. 

O che do tang ap, gia trj dong dien hieu dung 
chay qua cugn cam va cac khoa dieu khien 
ciia BBD buck-boost cao hon cua buck-boost 
xep chong mgt gia tri bang dong dien dau ra 
ciia bd buck-boost xep chdng. Tuong tu, gia 
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Hinh U. BBD DC/DC nua cdu 

De khic phuc nhiing nhugc diem ciia cac bo 
buck-boost va buck-boost xep chdng, ta co 
the su dung bg bien ddi nira cau (hinh 11). 
Bg DC/DC nua ciu cd thi hoat ddng d chi do 
buck hay boost phu thugc vao khoa dilu 
khien SI va S2 ket hgp vdi diode Dl va 02. 
Cd the md ta hai chi do van hanh nhu sau: 
Chi do I (Chi do boost): S2 va Dl din theo 
lenh dieu khien trong khi SI va D2 ludn md 
Co the phan thanh hai giai doan: giai do?n I 
(S2 ddng, D2 md; SI md, D2 md) va giai 
doan 2 (SI md, Dl md; S2 md, 02 dong). 
Chi do 2 (Chi do buck): SI va D2 hoat dgng 
theo lenh dieu khien trong khi Q2 va Dl luon 
md. Cd the phan thanh hai giai doan: giai doan 
1 (SI ddng, D2 md; Ql md, D2 md) va giai 
doan 2 (SI md, Dl md; S2 md, 02 ddng). 
Uu diem chinh ciia bd bien doi nira ciu khi 
duoc so sanh vdi bg Cuk la no chi yeu ciu co 
mdt cugn cam va ddng dien dinh muc ciia cac 
khoa dilu khiln cung thip hon 1 nira so vdi 
bo Cuk. Oo dd, hieu suit ciia bg biin d6i nua 
ciu cung cao ban so vdi bd Cuk 
• BBD DC/AC mot pha (hinh 12) 
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Hinh \2. BBD DC/AC mgt pha hai hudng 

Bg bien ddi nay cho phep truyen tai cong suat 
tir mdt chieu sang xoay chieu va xoay chieu 
sang mgt chieu thdng qua viec dieu khien thdi 
gian dong md cho khda SI, 82 va tich phong 
nang lugng qua cugn cam. [6] 
Bo biin ddi DC/DC cdch ly (hinh 13) [4] 
Bg bien doi nay ciing sir dung may bien ap 
each ly boat dgng d tan sd cao de truyen tai 
nang lugng. Tuy nhien do ti so vdng day cua 
cugn so va cugn thii c6 dinh nen bg biin doi 
nay chi cho phep giff mdt phia co dien ap cao 
va I phia co dien ap thip, phii hgp khi lien ket 
thanh cai DC vdi kho nang lugng. 

C l : 
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SiJDl J JD5 

m ^ ^ ŝ JB 

a 

BBD nay cung cd hai che do lam viec: 

• Che d6 boost; S1-S4 hoat dgng theo lenh 
dieu khien, D5-D8 dugc su dung nhu 1 bd 
chinh luu. 

• Che do buck: S5-S8 hoat dgng theo lenh dieu 
khien, 01 -04 boat dgng nhu I bg chinh luu. 
THUC NGHIEM MANG DIEN CO LAP 
KHAI THAC PVG CO U N G DUNG BBD 
DIEN Tir CONG S U A T 

Mgt he thdng thuc nghiem dieu khien cho 
nguon pin mat trdi doc lap da dugc thiet lap 
tai trudng DHKTCN vdi bd dieu khien 
DC/DC kilu flyback. Dan pin mat trdi co 
thong s6 tai dilm van hanh cue dai la cdng 
suit 1360Wva dien ap 276,8V 
Hinh 14 md ta he thdng dieu khien ngudn PV 
thong qua bg bien ddi DC/DC kieu flyback. 
[1-3] 

He thdng 
' di€u khien 

Nguon 
PV 

IT 
DC/DC ^ 

Den chieu 
sang 

Ac quy 

Hinh 14. Hi thdng doc lap vdi ludi dien sic 
dung ngudn P V 

Nhu da phan tich, BBD dien tu cdng suat can 
phai cd tin hieu dieu khien de dieu khien dong 
dien va dien ap d dau vao, dau ra cua chinh 
BBD dd. Dieu nay phu thudc vao dac diem 
cua loai ngudn dugc su dyng nhu thong qua 
cac dac tinh V-I, V-P ciia PVg tren hinh 15. 

Hinh 13. BBD DC/DC cdch ly hai hudng Hinh 15. Dudng cong V-l, V-P cua F 
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Dilu nay cho thay rang tai moi thdi diem 
(ling vdi mgt dudng cong V-I), khi dien ap 
dat vao hai diu ciia PVg thay doi thi dilm lam 
viec (V, I) ciia he se thay doi. Chi co duy nhit 
mgt dilm la co cdng suit phat ra Idn nhat 
MPP (Maximum Power Point). Vi8c khai thac 
MPP nay la rat quan trgng vi no se khac phuc 
dugc gia thanh va hieu suat thap ciia ban than 
PVg. BBD DC/OC phai thuc hien dilu khiln 
sao cho dien ap dau-vao ciia BBD roi dung 
vao dien ap cua diem MPP tai thdi diem do. 
He thing dilu khien se phai thu th§p thong tin 
dong ap diu vao, diu ra ciia BBD dl quyet 
dinh xung dilu khiln. 

Trong he thdng thuc nghiem nay, PVg dong 
vai tro cung cap nang lugng de nap ic quy va 
den chieu sang d nhirng thdi diem c6 du nang 
lugng mat trdi. Ac quy ddng vai trd la nguon 
doi vdi den chieu sang vao nhung thdi di^m 
khong CO buc xa mat trdi. He thing dieu 
khien thuc hien se dieu khien dong dien dau 
ra ciia bg bien doi bam theo gia tri dong dat 
Ifcf- Gia tri Iref c6 the thay ddi tiiy theo yeu cau 
cua ngu'di van hanh nen co th6 roi vao hai 
trudng hgp sau: 

(1) Nang lugng c6 the phat ra tir PVg dang 
thieu hut so vdi nang lugng yeu cau. 
Luc nay, he thdng dieu khien phai theo doi 
diem lam viec cue dai de thu dugc nang 
lugng Idn nhit c6 the phat ra tai thdi dilm do 
thong qua thuat toan theo doi dilm lam viec 
cue dai. Hinh 16 cho thay kit qua thyc 
nghiem thu dugc trong khoang thdi gian tic 8h 
07' 09" din 8h27'30" ngay 22/09/2014 vdi 
gia tri dong dat (gia trj dong diu ra cua bg 
biin doi) la lOA. 

Dudng mau dd bilu diln con: ;u3t ^*o y^ 
dudng mau xanh bilu diln c(' 'J"' ""̂  ^^ 
bg bien doi. 

(2) Nang lugng cd thi phat ra tir PVg la du 
thira so vdi nang lugng yeu cau. 
Lijc nay, dilm lam viec ciia PVg khong phai 
la diem lam viec cue dai ma la mdt diem ma 
tai do cong suit phat ra ciia no dung vdi gia 
tri dat Î f d dau ra. Dilu nay cd the dugc quan 
sat thong qua viec ddng thSm phu tai d nhSng 
thdi dilm dang du thira nang lugng ciia PVg, 
Hinh 17 cho thiy kit qua thuc nghiem thu 
dugc trong khoang thdi gian tii 7h48' din 
8hl7' ngay 03/09/2014 vdi dac diem trdi 
quang mSy va gia tri ddng dat la 7A. 

ct 

i S ^ ~ .flBOi 
Hinh 16, Dap img cua BBD DC/DC khi PVg 

khdng ddp icng du yeu cdu 

Hinh 19. Ddp ung ciia BBD DC/DC theo phu tdi 
Sau khoang 15 phiit van hanh binh thudng 
(bg bien ddi chi dimg de nap cho ic quy), 
thuc hien ddng mgt tai diy dii 132W va sau 
do 10 phiit thirc hien cat di mgt nua tai (con 
66W). 
KET LUAN 

Bai bao da tiln hanh thilt kl thuc nghiem mgt 
bg bien ddi dien tu cdng suat flyback dl khao 
sat kha nang phat cong suat cua hai nguon 
nay trong hai trudng hgp: 

(1) Khi nang lugng tii ngudn PV khong du 
cung cap so vdi yeu ciu thi bg biin doi cd vai 
tro lien tyc thay doi diem van hanh dl tim 
diem van hanh mdi tdt hon (dudng bilu thi 
cdng suit CO xu hudng di len nlu nang lugng 
sa cip dang tang). Dilu nay thi hien ring 
cdng suit phat ra tu ngudn PV phu thugc 
hoan toan vao viec dilu khiln bo biin dii. 

(2) Khi nang lugng tir ngudn PV du thira thi 
bg bien ddi cd vai trd duy tri dilm van hanh 
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nao dd khac vdi diem cue dai de dat dugc gia 

trj dat. Tuy nhiSn, khi cd yeu cau dgt nggt cua 

phu tai thi bg bien ddi dd phai lap tuc dieu 

khien de bam theo gia tri phu tai mdi . 

Trong ca hai t rudng hgp , bg bien ddi DC/OC 

da thiet ke da the hien tdt vai trd cua nd, lien 

tuc bam dudi diem lam viec theo yeu cau. 

Dong gop cua bai bao la da phan tich dugc 

kha nang ung dyng ciia mdi loai bg bien ddi 

trong he th6ng khai thac n g u l n PV va dien 

gio. Dong thdi chi ra dugc d?c t rung ciia hai 

ngudn nay trong mang dien cd lap 6^ nghien 

cim dugc phan ling cua bd bien ddi trong cac 

t rudng hgp van hanh khac nhau. 

N h d vao cac thiet bi dien t u cong suat, cac bd 

bien ddi vdi nhieu kha nang khac nhau nhu 

khulch dai dien ap, giam ap, truyen tai cdng 

suat theo hudng, bien ddi dong dien mdt 

chieu thanh xoay chi lu hoac ngugc lai da dap 

ling tdt h a n cho he ngudn. Vdi su phat trien 

ciia cdng nghe dien tu cdng suat, bd bien ddi 

se trd nen thich ung t i t ban vdi dac diem cua 

nguon di?n mat trdi va dien gid, giup hai ngudn 

nang lugng trd thanh ngudn thay the xanh, sach 

nhi t cho ngudn nang lugng truyen t h i n g va gdp 

phin bao ve su song tren trai dat. 
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Ngo Minh Diic vd Dtg Tap chi KHOA HOC & CONG NGHE 

SUMMARY 
8JESEARCH ON APPLYING POWER CONVERTER IN 
EXPLOITING PHOTOVOLTAIC GENERATION BY A PRACTICAL ^JJEL 

Ngo Minh Due, Le Tien Phong, Ngo Due Minh 
College of Technology - TNU 

At the present, renewable sources in general and photovoltaic energy in individual bring high 
efficiency by using power converter and modem control technic. This paper builds an isolated grid 
exploiting photovoltaic generation and analyses the operation of DC/DC converter to charge 
battery and provide power for other loads at the same time in real conditions: changing input 
energy (irradiance, temperature) or changing output power (load). A practical model for DC/DC 
converter type flyback combining control strategy of output power is built to research the 
adaptability of converter by natural conditions and load. 
Keywords: Solar panel, converter, direction, bidirection, isolation, nonisolation 
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