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TOI UU CONG SUAT NAP PIN DUNG KY
THUAT MPPT DIEN AP MACH HO PHAN

DOAN CHO MANG PIN MAT TROI

V6 Minh Huan
Khoa Dién Dién Tur, Truong Pai hoc Su Pham Ky Thuat TPHCM

Tém tit - Bo nap pin bang nang luong mat troi
dya trén k¥ thuat tim diém cong suat 16n nhat (MPPT)
bang cach thiét ké mach dung k¥ thuat dién 4p mach
hé phan doan thay vi dung cac bd vi xu ly phirc tap
duoc dé xuit. Mach dién dé xuit dua trén co sé hoat
dong ciia mach bién d6i dién ap DC-DC buck
converter nhim tim diém cong suit 1on nhat tir pin
mit troi. Mach MPPT dugc thiét ké dua trén nén tang
la cac dac tinh ctia ngudn pin ning lwong mat troi
thay d6i cuong d6 sang va dién hoa hoc cua pin
Lithium-ion v&i qua trinh nap dong va qua trinh nap
ap. Két qua cho thiy cong suit nap pin dugc tbi wu
dén 90%, thoi gian nap duoc toi wu 53% so véi
phuong phép nap truc tiép. Bo nap don gian va hira
dung cho tng dung di dong va IoT.

Tir khéa - Maximum Power Point Tracking;
Buck Converter; bg ngp pin; pin mdt troi; dién ap
mach hé phén doan.

I. GIOITHIEU

Nang luong mit troi la mdt trong nhitng ngubn
nang lugng tai tao quan trong nhat da dat dugc nhiéu
sy quan tdm trong nhimg nam gan day. Nang luong
mdt troi doi dao, 1a luong sin c6 16n nhét so véi cac
ngudn ndng lugng khac. Luong ndng lugng mat troi
cung cdp cho trai dét hiang ngay du dé cung cip niang
lwong cho nhu cau ning luong cua trai dét trong mot
nam. Nang luong mat troi 1a nang 1u0ng sach va phat
xa tu do, vi n6 khong tao ra chét giy 0 nhiém hay cac
san pham co hai cho tu nhién. Chuyen (101 nang luong
mit troi thanh ning lugng dién c6 nhiéu tng dung
trong tung linh vyc, déc biét trong cac Umg dung st
dyng nguon pin trong céac thiét bi di dong, node cam
bién IoT [1].

Gan day, viéc nghién ctru va phat trién cac tim pin
nang luong mit troi phang véi chi phi thép. Trong
tuong lai khong xa, chi phi cua cac don vi module
nang luong mat troi cong sudt nho va cdc nha may
nang lucmg mat troi s€ co tinh kha thi vé mit kinh té
cho viéc san xuét va st dung nang luorng mat troi quy
md 16n. Khi do, cac thlet bi dién tir st dung pin tién
dung c6 thé tu cung tu cap cic ngudn ning lugng tai

Téc gia lién hé: V5 Minh Huén
Email: huanvm@hcmute.edu.vn )
Dén toan soan: 7/2018 , chinh stra: 8/2018 , chap nhan dang: 9/2018

SO 03 (CS.01) 2018

TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG

tao sach dé tu nuoi song thiét bi, gia ting thoi gian
song cua pin.

Thuat toan MPPT (Maximum Power Point
Tracker) dugc st dung dé do tim diém cuc dai cong
suat nham dat duoc cong suét toi da cua ngudn ning
luorng do céc tAm cell mit troi tao ra. Y tudng co ban
cua ky thuat MPPT la tim kiém ty dong diém dién ap
va diém dong dién ¢ do6 cac cell quang dién nén hoat
dong dé dat dwoc ngd ra cong sudt 16n nhat dudi diéu
kién anh sang va nhiét d6 da cho [2]. Cé nhiéu ky
thuat MPPT khac nhau da dugc nghién ciru va suat
ban cho t6i nay. Trong do, ky thuat Hill Chmbmg su
dung by vi xu ly de tang hoac giam di¢n ap xung
quanh diém cong suat cuc dai thuong duoc su dung,
tuy nhién, ky thudt nay phai viet chuo’ng trinh cho bd
xtr Iy hodc st dung mot DSP chip riéng biét dé bam
diém cong sudt cuc dai nén s& tén ning lugng, do
phirc tap va chi phi nhiéu [3]. K§ thuat MPPT ding
mang fuzzy logic va mang noron nhin tao cung
thuong dugce dung vi kha nang tim diém MPPT véi do
chinh xéac cao hon va dap ng diém cuc dai cong suat
nhanh hon dbi véi sy thay d6i diéu kién nhanh chong
nhung phirc tap va kho thiét ké [2][4]. K¥ thuat _mang
neuron nhén tao ding CPU, DSP, MatLab, dé thuc
hién dao tao (tralnlng) va hoc céc quy luat dya trén
diéu kién cuong do sang va nhiét do dé tim duoc diém
cuc dai cong suit [4]. K¥ thuat dién 4 | 4p mach ho phén
doan ciing thuorng dugc ding dé thé hién m01 lién hé
tuyén tinh gitra dién ap c6 diém cong suit 1on nhét
MPP (Maximum Point Power) va dién &p mach ho
(Open Circuit voltage) cua cac cell quang dién [5][6].
Duéi mrc nhiét d6 va cuong dd sang khac nhau,
phuong phap dién ap hé mach dugc thuc hién qua
phuong trinh Vype=kVoc. O day k 1a mot hing sb ti
1¢. k phu thudc vao déc tinh cda cell nang lugng mat
troi dugc dung. N6 thuong tinh bang tay dua trén
kinh nghiém dé xac dinh Vypp V& Voc cho mang cell
nang luong tai cdc muc nhiét d§ va cudong do sang
khéc nhau. Gia trj cua k khoang 0,71 t6i 0,78 [2]. Uu
diém cua phuong phap dién ap ho mach la su dung
mach dién ti tuong tu dé do diém cong suét cuc dai.
Boi sir dung nhitng mach thiét ké don gian giup tiét
ki€m nang lugng ti€u thu thay vi dung cac bo xu ly
phtrc tap, nén phuong phap nay phu hop voi cac Gng
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dung di dong ti€u thu cong suat thip. Khi biét gia tri
K, Vmpp ¢0 thé dugc tinh theo Vo boi mdt mach dién
tor twong tu don gidn. Vi vay, k}”f thuat MPPT dién ap
hé phan doan chi don gidn 1a cdc opamp, mach OTA,
cdc linh kién dién tor so voi ky thuat HC climbing
gom cac CPU, DSP, v.v. Mic du phuong phap dé
xuat ¢o két qua bam diém cong sudt cyc dai chua dat
tbi da nhung phu hop véi cac ing dung di dong doi
hoi cong suat tiéu thu trén cac bo nap thip trong mot
kich thude tAm pin nho hop 1y trén img dung di dong.

1. MACH CHUYEN BOI DC- DC BUCK
CONVERTER VA QUA TRINH NAP PIN
A. Mach chuyén d@oi DC-DC Buck converter

Buck converter la mach bién doi dién ap DC-DC
c6 dién ap ngd ra dugc diéu bién theo xung PWM tur
dién ap ngd vao [7]. Dién ap ngd ra duoc tinh nhu
Sau:

T
X—
T+T

V6i D 1a chu ky cong tac, ton, ter lan luot 1a chu ky
tac dong va khong tac dong ctia xung.
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Hinh 1. C4u tric mach buck converter duoc thiét ké &
ché dé dong véi tang didu khién PWM [8].

B. Qua trinh ngp pin dwa trén Buck Converter

Qué trinh nap pin Li-ion co ban gdm nap dong
khéng d6i CC (Constant Current) va nap ap khong doi
CV (Constant Voltage). Tuy nhién, qué trinh CC &
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buck converter c¢6 dong nap thay d6i [9].
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Hinh 2. Qua trinh nap pin Li-ion [6]
1) Ngp dong
Xét tin hiéu diéu khién qua trinh nap pin V,qq:
Vadd (Isen + Iramp) Rf )

Trong d6, Vaga duoc diéu chinh boi I, 12 dong
cam bién tir dong I qua cudn day dugc phan tich ¢
khéi cam bién dong. Dong cam bién Ig, phu thudc
vao I, rong chu ky ON va Igjas (<<a.l}) trong chu ky
OFF cua .

Trong chu ky Ty, I tang dan,V,q cling tang dﬁp.
Vadd VUQt qua Ve, s€ tao tin hiéu Reset = ‘1’ dén
mach PWM, mach nay diéu khién ngit transistor MP1
va dong MN1, chuyén sang To.

Su thay ddi dong nap pin trong qué trinh nap nhu
sau.

I Slope = (Fyy = Vo)L, g Vol
slope == VL,

/

OFF |

ON !

<« pr—> 7 b
Hinh 3. Dong dién qua cudn day. Vin = Vsa, Vo = Vpat

Khi' Vpy (hay dién ép ngo ra Vo cia buck
converter) thip, canh tang cua i s€ c6 do déc 16n,
canh giam c6 d6 ddc rat nho nén dong nap hau nhu
ludn tang.

Khi Vgt > Vg — Vit (hay Vo > Viy — Vo), canh tang
cua i lai co do déc nho va canh giam c6 d6 déc 16n
nén dong nap hau nhu luén giam. Luc nay dién 4 ap pin
da xap xi mirc day, qua trinh nap sé& tiép tuc voi qua
trinh nap ap.

2) Napap

Khi Viar ~ 80% Vyer, mach OTA 1am cho Ve, gidm
dan vé muc 0V. Do lue nay dong nap cho pin da 6n
dmh nén sy giam din cua tin hiéu 161 Ve, lam rat
ngan chu ky ciia tin hiéu Reset dén mach chét S-R,
khién cac chu ky hoat dong cua dong qua cudn day bj
thay do6i: Top glam va Tog tang Qua trinh trén lam
dong nap pin giam nhanh vé muc 0. Dén khi Reset
luén bang ‘1’ thi dong nap bang 0. Dién 4p Ve s&
duy tri dién ap nap pin sudt qué trinh nap ap.
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C.Téi wu cong sudt nap pin véi MPPT diing phwong
phap dién ap mach ho phan doan dya trén dac tinh
cua pin mdt troi

Dién 4p cua pin mat trdi twong Gmg véi cong sudt
16i da phu thude tuyén tinh véi dién ap mach ho ciua
pin dbi v6i cac cuwong do dnh sing Va nhiét dg khac
nhau:

Vuer = KNV @)

Trong d6, Vypee 12 dién ap tai diém cong suét cuc
dai, Voc 1a dién ap mach ho cia pin phu thudc nhiét
dd va cuong do anh sang moi truong, va k 1a hé sO
dién ap co6 gia tri 0,71 dén 0,78 phu thudc vao dac tinh
cua pin mat troi. Trong mach thiét ké, k=0,75 [2].

Khi chu ky ON cta dong qua cudn day, dong dién
qua dién tré Re la 1, c6 @6 16n:

(VSA N k-Voc )'All(s)
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Hinh 4. M6 hinh céng suét pin mét troi duoc déc

trieng béi cwrong do sang va nhiét do mé phdéng trén
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Hinh 5. So' d6 mach hé théng hoan chinh

R, la dién tré trong mach bién doi &p — dong
(vtoi_real), Ayi(s) la ham truyen cua khoi OTA (mach
OTA trong khoi MPPT controller):

A(s) =2~ g R, 1 Celes vsi R, 0 R, (5)

KVye o2 77 SCc,Ro,

Trong d6, g 1a @6 hd dan va Ro, 1a dién tro ngd
ra cua OTA.

Dong 1; sau do tao thanh tin hi¢u di¢n ap Vagg,
cung Vi Voes, Kiem sodt qua trinh nap. )

O mot mirc cudng dd anh sang, diém cong suat
cuc dai cua pin mat troi dugce do theo nhu sau: khi Vga
> k.Voc, d()ng IMPPT téng Vadd s€ glém khi IMPPT téng
hay Vagg S& bi dong lyper hdm lai qua trinh tdng 1én
theo lg,. Do d6, dong Iyppr S€ kéo dai hon thoi gian
Vadd < Voea hay chu ky T,, ctia dong qua cudn day
duoc ting, Tor giam nén dong nap cho pin tang.

Theo dic tinh dong — ap cta pin mat troi, dong &
ngd ra tang s& lam giam Vg,. Qua trinh nay két thuc
khi Vs = k.Voc. Khi dé, pin duoc nap véi cong suét
toi da tir pin mat troi.

Khi diéu kién dnh sang thay d6i, qua trinh nap
dong CC duoc t6i uu do Vg, bam theo k.Voc dé€ mach
dat diém cong suét t6i da mai.
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I1l. KET QUA MO PHONG
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Hinh 6. Dién ap va dong nap khi &nh sang manh va
yéu thé hién qua hai giai doan nap dong va nap ap.
Dong nap dwoc diéu chinh véi MPPT va dién ap nap
khong doi .
Dong nap dugc thay doi vai cac diéu kién anh
sang (lpn) khac nhau trong qua trinh nap dong boi
mach MPPT dya trén buck converter. Dong nap dat
t6i da 12 359mA, 373mA va 385mA lan luot véi cac
cu’o’ng d6 dong dién tao bai &nh sang 75mA, 150mA
va 200mA. Ciing trong qua trinh nay, dién 4p pin tang
dan. Khi pin dat Xap xi dién ap day (1,4V), dong nap
dugc diéu chinh giam dan, qua trinh nap dong ket
thGc va qua trinh nap ap dién ra. Ta thay véi cac
cuong d6 sang thap hon, qua trinh nap ap sé dién ra
som hon va nguoc lai.

Dong lyper tao ra tor muc sai khac gitra Vs, va
k.-Voc s& lam giam Vgqy, lam ting chu ky dong (Ton)
cla transistor khoa diéu khién nap dong tr pin mat
troi, do do lam tang dong nap dén pln Dong nap tang
lam giam dién ap V.. Qua trinh nay on dinh khi Vg, =
kVoc. o

O day Po: mirc cong suat toi da tai k.Voc, P: muc
cong suat dat dugc tai Vs, %P: mirc dat dwoc cua P so
Véi Py,
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Hinh 7. Mach MPPT diéu chinh dong lveer dé Vsa thay
dbi theo diém cbng suat toi da dwoc quyét dinh béi

k.-Voc, khi cwong d6 anh sang thay déi

Béng | Sai sé gitka K.Voc SO VOi Vsa Va sali sé gida
diém codng suét dat duwoc so véi mong mudn

Iphl Iph2 Iph3 Iph4
Vsa 2,596 2,897 2,491 2,769
k.-Voc 2,8 2,9 2,7 2,8
Po 0,3132 0,3851 0,243 0,3132
P 0,3047 0,385 0,2348 0,3123
%P 97,28608 99,97403 | 96,62551 | 99,71264
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Dua trén bang, cd thé nhan thay sy sai s6 phan
trdm cong suat dat dugc so véi cong suat cuc dai cua
nang luong mit troi gan nhu dat téi da theo cuong do
anh sang.

Duya trén két qua Hinh 8, ¢ thé nhan thiy cong
sudt dat duogc ciia phuong phap MPPT ludn 16n nhat
so v6i ky thudt buck converter va nap truc tiép. Vi du
tai cuong do sang Iph=200mA, cong suat dat dugc
ctia phuong phap nap truc tiép 1a 0,28W, cua k§ thuat
buck converter 1a 0,402W, cua ky thuat MPPT deé
xudt 1a 0,532W. Cong sudt dat dugc cua ky thuét
MPPT ting 90% so v&i ky thuat nap truc tiép va 33%
so voi ky thuat cua buck converter.

Khi nap pin tryc tiép tir pin mat trdi, dién ap ngd
ra pin mat troi phu thuge vao dién ap pin Vsa = Vpa
<< V. Pin ban dau duoc nap c6 dién ap thap nén lam
cho Vg, & mire thap va dong nap ¢ mirc t6i da. Khi do,
diém cong suat cua pin mdt troi s€ nam & Vung bén
trai cua dac tuyep cong suat. Qua trinh nap pin dung
lai khi Vg, tang dén dién ap nap day pin (Vie).

Truong hop nap pin véi MPPT la phuong phap
dugce t6i wu dua trén mach buck converter. Khi bat
dau qua trinh nap pin, dién 4p ngd ra pin mdt troi Vs,
xap xi Vo, dong nap pin rat nho (hiu nhu bang 0) do
transistor diéu khién cp dong nap ¢ trang thai ngit.
Sau d6 transistor nay duge dicu khién déng lam dong
nap tang dan. Piém cong suét ciia pm mat troi ban
dau s& nam & vung bén phai cia dic tuyén cong suit.
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Hinh 8. So sanh céng suét pin mét troi & céc diéu kién
anh sang khac nhau xét trong ba trwong hop: st dung
MPPT, mach buck va nap truc tiép

Su khac bi¢t gitra phuong phép su dung mach
buck converter va MPPT 1la rang mach buck converter
co dong nap dugc kiém soat boi mirc dién ap nap day
cua pin nhu dé phén tich ¢ hoat dong nap pin cua
mach buck converter. Diéu ndy tuong tu nhu nap tryc
tiép, nhung hoat dong ting dan dong nap, giam dan
Vsq lam cho pin mit troi hoat dong véi cac diém cong
suat & mirc cao hon nap truc tiep.

O diéu kién cuong do anh s sang khong d6i, néu
mirc dién ap day ciia pin Vg xap xi dién ap chénh
léch Voo — Vier, qué trinh nap pin véi mach buck
converter van c6 thé dat diém cong suat tdi da nhu
phuong phap MPPT. Tuy nhién, khi cuong do anh
sang thay dbi, diéu do khong thé dat duoc. Vi mach
MPPT, dong nap dugc kiém soat boi mirc dién ap sai
khac Vsa - k.Vge, hay do 16n cua dong lyppr. Imepr lam
ting dong nap nén lam gidm Vg, Vs, duoc thay doi
dén k.V, thi dung lai. Do do, Vs, khong phu thudce
dién ap pin. Khi cuong d6 anh sang thay dbi, Vg, s&
duoc diéu chinh theo co ché trén dé dat gia tri k.Vo
m¢i. Nhu vay, qua trinh nap pin ludén & diém cong
suat toi da v6i moi diéu kién anh sang.

Ngoai ra, khi nhiét do thay doi, Voc_ va lg cla pin
mat troi cung thay d6i. Mach MPPT van dwa vio co
ché trén dé toi uu qua trinh nap pin.

Hinh 8 mé phong dugc thyc hién va danh gid
truong hop st dung MPPT va so sanh véi trudong hop
nap tryc ti€p. Thoi gian nap mot pin dung lugong
3000F & muc 1,4V nhu sau:

Theo két qua mé phong, tai cu:ong dd Iph
=150mA, thoi gian nap tryc tiép dé day pin khoang
105 phut trong khi nap dung k§ thuat MPPT hoang 50
phit. Vi viy bd nap nguon pin nhanh hon khoang
53% thoi gian nap.
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Hinh 9. So séanh thoi gian nap véi MPPT va nap truc
tiép

IV. KETLUAN

Vé6i mach MPPT duoc thiét ké nham t6i wu qua
trinh nap dong dugc thém vao mach buck converter,
hé thong c6 thé diéu chinh dong nap theo diéu kién
anh sang, nhiét d6 dé truyén tai cong sudt tbi da tir pin
mit troi dén pin Li-ion. Qué trinh nap ap khong doi
sau do g1up duy tri dién 4p pin_ dén mirc day va két
thac qua c trinh nap véi hiéu suat duoc i uu. Tu két
qua md phong, ta thiy hé thong c6 kha niang ti wu
cOng suat nap cao hon dén 90%, thoi glan nap dugc
t6i wu hon 53% so v6i phuong phap nap pin truc tiép.
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OPTIMIZING BATTERY CHARGING
POWER USING FRACTIONAL OPEN CIRCUIT
VOLTAGE BASED MPPT TECHNIQUE FOR
PHOTOVOLTAIC ARRAYS

Abstract: The solar cell battery charger based on
the Maximum Power Point Tracking (MPPT) method
using fractional open circuit voltage method is
proposed instead of using the complex
microprocessors. The proposed circuit is based on the
operation principle of DC-DC buck converter to find
the maximum power point from the solar cell. The
MPPT circuit is based on the characteristics of the
various light density solar cell and electrochemical
power of the lithium-ion battery with the constant
current charging and constant voltage charging. As
the result, the proposed solar battery charger shows
90% optimum charging power, 53% optimum
charging time compared to the direct battery charger.
The charger is simple and useful for mobile and loT
applications.

Key words: Maximum Power Point Tracking;
Buck Converter; battery charger; solar cell;
fractional open circuit voltage.

V6 Minh Huan nhan bing dai
hoc va thac sy chuyén nganh Ky
thuat Pién Tir Vién Thong nim
2005 va 2007 tai Pai hoc Bach
Khoa TPHCM va bang tién sy
tai Pai hoc Kookmin, Seoul,
Han Quéc niam 2013. Anh ta

hién tai la giang vién, dam

nhiém chitc vu Pho trudng khoa, Khoa Dién Dién Tu
bai Hoc Su Pham K§ Thuiat TPHCM. Linh vuc
nghién ctu hién tai vé thiét ké vi mach tich hop, cong

nghé IoT, t8i wu cong suét thap.
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