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TOM TAT

Bai bdo trinh bay cdch thiét ké b diéu khién mo toi wu ding gidi
thudt di truyén dé sac pin nhanh va duy tri nhiét do pin thép. Bo
diéu khién mo duoc thiét ké dua vao kinh nghiém voi hai ngoé vao
la nhiét do pin va t6c dd bién thién nhiét do pin trong qua trinh
sac, ngo ra la dong dién sac pin. Cac thong s6 clia bo diéu khzén
mo dege chinh dinh t6i wu ding giai thudt di truyén sao cho toi
thiéu chi tiéu chdt heong lién quan dén thoi gian sac pin va sw gia
tang nhiét do pin trong quda trinh sac. Két qua mo phong cho théy
bg diéu khién mo dé xuat khong nhing diéu khién sac pin nhanh
twong dwong b sac ding dong, ma con c6 do gia tang nhiét dg
trong qud trinh sac thap hon, nho dé lam tang tuéi tho ciia pin.

Tir khéa: B¢ sac pin, diéu khién mo, gidi thudt di truyén
ABSTRACT

The paper presents the development of an optimized fuzzy
controller using a genetic algorithm for fast battery charging and
maintaining low battery temperature. The fuzzy controller is
designed based on experience with two inputs, which are battery
temperature and rate of battery temperature change during
charging, and the output is battery charging current. The fuzzy
controller parameters are optimized using a genetic algorithm to
minimize a performance index related to battery charging time and
battery temperature rise during charging. The simulation results
show that the proposed fuzzy controller not only controls the
battery charging as fast as a constant current charger but also has
a lower temperature rise during charging, thereby increasing the
battery lifespan.

Keywords: Battery charger, fuzzy controller, genetic algorithm

1. GIOI THIEU

Ngudn ning lugng pin dang 1a mot trong nhiing
chu dé néng trong nganh cong nghiép ty dong, tir bo
lwu dién (Uninterruptible Power Supply — UPS) dén
cudc dua xe dién cta nhiéu hang xe lon. Tuy vay,
thir thach 16n nhét trong sir dung pin chinh 1a thoi
gian sac, nhiét ¢ va tudi tho cua pin. Khi sac pin,

dong dién sac cang lon, thoi gian sac cang nhanh
nhung nhiét d6 pin cang cao, tir 6 lam giam tudi
tho pin, trong mot sb trudng hop c6 thé gy nguy
hiém khi sir dung néu pin bj qua nhiét. Nguoc lai,
dong dién sac nho gitp pin duy tri dwoc tudi tho lau
hon nhung thoi gian sac qua dai, khong dap ung yéu
cAu cén su dung pin lién tuc. Hién tai, hai phuong
phap sac dugc dung phd bién nhat cho moi loai pin
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van 14 sac dang dong (Constant Current — CC) nghia
1a sac pin & mdt mirc dong dién ¢b dinh va sac déng
ap (Constant Voltage — CV) nghia 1a sac pin & mot
mirc dién 4p cb dinh (Ayoub & Karami, 2015). Nho
su don gian trong thiét ké phan cting va hi¢u qua khi
phéi hop hai phuong phap sac CC va CV, cac nha
san xuat van tiép tuc khuyén nghi s dung phuwong
phép sac nay, voi dong dién sac pin va dién ap sac
pin dugc dé xuat & mirc thip dé dam bao an toan cho
pin va nguoi st dung. Tuy nhién, khuyét diém cua
phuong phap sac pin don gian nay la khong kiém
soat dugc thoi gian sac va nhiét do pin khi sac. bé
dam bao an toan trong qua trinh sac, by quan ly pin
(Battery Management System - BMS) dugc st dung
dé ngat sac nham béao vé pin khi xay ra sac qua dong,
sac qua ap, hay pin bi qua nhiét.

Nhiéu nghién ctru da dugc thyc hién trong nhiing
niam gin day nhim ting chat luong cua cac bo sac
pin. Zhang et al. (2014) d¢ xuat phuong phap sac pin
t6i wu ding phuong phap qui hoach dong dua vao
co so dit liéu nham rat ngén thoi gian sac ma khong
lam ting nhiét d6 pin qué cao dan dén giam tudi tho
pin. Goldar et al. (2021) dé xudt phuong phép sac
pin nhanh va dap tng cac rang budc nham khong
lam suy giam chat lwong pin. So dd diéu khién sac
pin gom hai vong, trong d6 vong didu khlen bén
trong 1a bo diéu khién toan phuong tuyén tinh
(Linear Quadratic Regulator — LQR) nham dam bao
tinh 6n dinh va bam nhanh theo tin hiéu tham chiéu;
vong diéu khién bén ngoai dung gidi thuat diéu
chinh tham chiéu (Explicit Reference Governor -
ERG) dé thoa cac rang bude. Li et al. (2020) sir dung
phuong phap ding dong — dang 4p nhidu murc
(Multistage Constant Current-Constant Voltage —
MCCV) thich nghi dé sac pin cho xe dién trong cac
tinh hudng khac nhau. Ali et al. (2018) dé xuét ap
dung bo diéu khién m¢& dé tinh toan dong dién sac
pin, két hop vé6i bo diéu khién nhiét d6 dé qua trinh
sac nhanh khong 1am 3o hoa pin. Phuong phap dé
xudt c6 thé bao vé pin khong bi qua 4p va qua nhiét
trong khi sac. Cheng et al. (2015) dé xuit phuong
phap udc luong trang thai sac cia pin va tinh toan
dong di¢n sac twong ng, dong thoi sir dung bo diéu
khién mo de tinh chinh dong dién sac pin theo nhiét
d6 pin va tbc do gia ting nhiét 6. Hsieh et al. (2001)
dé xuat giai thuat diéu khién mo du bao chat luong
bo sac dé 1ap trinh sac nhanh va gilr hoat dong sac
trong vung an toan. Wang and Liu (2015) dé xuét
cac phuong phap cap nhat thong s6 cua b didu
khién mo, trong d6 bao gdm phuong phép t6i uu bay
dan. Peng et al. (2016) danh gia lai két qua ciia tmg
dung diéu khién mo dé sac, cho thay hiéu qua hon
s0 v6i phuong phap sac dang dong — dang ap. Do et
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al. (2021) trinh bay phuong phéap diéu khién dong
dién sac dya trén mo hinh nhiét cho phép sac pin &
dong dién cuc dai cho dén khi nhiét do dat dén trang
thai qua do va giam dong dién sac lai theo nhiét do
thuc té cia pin. Surmann (1996) va Karolyi et al.
(2022) dé xuit bo didu khién mo t6i wu dung giai
thuat di truyén dé sac pin. Bo diéu khién mo do
Surmann (1996) dé xuét kha phirc tap v6i 4 tin hiéu
vao 1a nhiét do pin, tc do bién thién nhiét do pin,
dién 4p pin va toc do bién thién dién 4p pin. Tin hiéu
ra ciia by diéu khién mo 1a dong dién sac pin. HE qui
tac md khong day du chi gdm 8 qui tic, phu thudc
rat nhiéu vao kinh nghiém ctia nguoi thiét ké. Nguorc
lai, bo didu khién mo do Kérolyi et al. (2022) dé
xuét lai kha don gian, chi xét dén nhiét do pin dé
tinh toan dong dién sac pin. Ngoai ra, ca hai nghién
ctru trén khong xét dén rang budc vé cac thong sb
ctia ham lién thudc khi t6i wu héa dung giai thuét di
truyén dé dam bao ¥ nghia ngdn ngir cua cac tip mo.

Bai bao nay d& xuat mot bo sac pin didu khién
mo t6i uu ding giai thudt di truyén c6 kha ning tiry
chinh dong dién sac pin dya theo nhiét d0 pin va tde
do gia ting nhiét do pin, tir 46 dat muc tidu c6 thé
sac pin nhanh ma khong lam tang nhiét d6 cua pin
qua nhanh va qua cao, nh¢ d6 nang cao hi¢u qua sac
va kéo dai tudi tho ctia pin. Do tinh chéat dbi nghich
cta thoi gian sac va nhiét d6 pin, hé thdng sac ciing
duoc thiét ke dé co the ung dung linh hoat trong
truong hop can rat ngan thoi gian sac hoic truong
hop céan nhiét d6 pin cuc thap B0 sac pin diéu khién
mo ti vu ding giai thuét di truyén duoc danh gia
bing mé phéng va duoc so sanh voi cac phuong
phap sac phd bién nhu sac dang dong.

2. PHUONG PHAP NGHIEN CUU

2.1. Mo hinh hoéa pin

Déi twong pin dugc nghién ciru trong bai bao nay
12 loai pin Lithium-Ion. Céc loai pin khac nhu Axit-
Chi (VRLA), Niken-Cadium (Ni-Cd),... co thé
dugoc mo6 hinh hoda theo cach thl:l’c tuong tu
Tremblay & Dessaint (2009). Bé mo hinh hoa
duoc doi tuong pin Lithium-Ion ciing nhu cac mau
pin khéc, nhiing gia dinh sau dugc dat ra:

—  Cac thong s6 cua pin duoc tinh tir dic t’uyé’n
cuia pin khi dang phong dién va céc thong s0 nay
duoc gia dinh 1a giong véi dac tuyén khi dang sac.

— Dung luong cua pin khong déi theo do 16n
dong dién, tirc khong c6 hiéu ing Paukert.

— Pin khong tu phong dién.
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— Pin khong c6 hi€u ing nhd, tirc dung luong
pin khong bi thay d6i sau nhi€u lan sac va phong
dién.

— Dung luong cia pin khong giam dan theo
thoi gian.

— Dong dién sac/xa c6 thé diéu khién dugc.

Mb hinh pin di dugc nhiéu nha khoa hoc nghién
ctru. Cac nghién ctru cho thiy dién ap pin v phu
thudc vao dong dién i nap/xa qua pin, dong dién
phan cuyc i,, va dién tich ¢ xa tir pin. Cac thong s6
cua pin thay ddi theo nhiét do pin 7, va nhiét d6 moi
truong 7,. Theo Shabani & Biju (2015), m6 hinh
toan hoc cua pin dugc mo ta bdi cac phuong
trinh sau:

T,.T.)=E\(T))
—-K/(T)

v, (2,
o)

4 +0.10(T,)
)

_K(T)—=Z\Md)
o)~ g0 ™"

+ Aexp(-Bq(t)) — R(E)i(t) (1)

‘J( )= i) 2

dt

d
dt

Trang thai sac cua pin (State of Charge) SoC(?)
duogc dinh nghia nhu sau:

3600

lp(t)_—*l (t)+*l(t) A3)

SoC(t) = 2290 1 100%
0 @

Céc thong sb ciia mo hinh pin nhu sau: Ey 14 hang
s6 dién thé cua dién cuc (V); K1 1a dién tro phan cuc
(W); K 1a hé s6 phan cuc (V/Ah); O 1a dung luong
pin (Ah); 4 1a dién ap luy thua (V); B 1a dung lugng
liiy thira (Ah™!); R 1a dién trd nodi (Q).

Céc thong sé ctia pin trong cong thirc (1) phu
thudc nhiét dd nhu sau:

_ 'Y
0m)=0l;, +FETT)
Eo(Z) = Eo |Tret' (T T f) ©)
1 1
R(T)=R |Trgf' xXexXp 'B[T - TJ
ref (7)
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_ 1_1
K](T;)_K|Tre/. xeXp| [Tc 7—;4]
' ®
K,(T)=K|. xexp|la 11
o Tt : T, Tref
®
Trong do: Q|Tmf , E, |T,gf , R |Tmf , K |Tmf 1a cac

gia tri tai mot nhiét do tham chiéu T, v » thuong la
25°C theo tai liéu ky thuat cua pin; AQ/AT 1a hé b
ti I¢ dung luong cuc dai-nhiét do (44/°K); OE/OT 1a
hé s6 ti 1¢ thuan nghich dién ap-nhiét do (V/K); fla
héng s6 tbe d6 Arrhenius cua dién tré noi (K); ai, o
la cac héng sb tde d0 Arrhenius cua dién tré va hé
s6 phan cuc (K); T, 1a nhiét 46 méi trudng (°C); T
la nhiét d6 cua pin (°C).

Trong qua trinh sac, nhié¢t d§ cua pin ciing thay
doi tuy theo dong dién sac va cod thé mo ta bang
phuong trinh sau:

Bo =LET) v, (T)Nfi(0)] +

T(t)— (T T(t)) (P R,)

loss™ “th
te , (1D
trong d6 7z 1a thoi hing nhiét giita pin va moi
truong (s); Ry 1a dién tr6 nhiét gitta pin va moi
truong (K/W); Piss 12 cong sudt nhiét ton hao trong

qué trinh sac/xa (W); AP la chénh léch cong suét that
thoat gitra sac va xa (W).

Nhu vdy, mé hinh trang thai va ngd ra day du
ctia pin theo nhiét d6 gdm cac phuong trinh (1), (2),
(3) va (11). Céc hang s6 nhiét do c6 thé dugc tinh
bang céac phuong phép u6ce luong hodc dya vao cac
dudng dic tuyén phong dién va dit tuyén nhiét do
cua pin ¢ cac nhiét do0 méi truong khac nhau céd
trong tai liéu k¥ thuat cua pin. M9 hinh pin nay duoc
su dung trong giai thudt di truyen dé t01 uu hda bd
diéu khién mo trinh bay & cac phan tiép theo.

2.2. Bj diéu khién mo sac pin

Heé thong sac pin diéu khién ding logic md ¢6 so
dd khéi & Hinh 1. B diéu khién mo ¢ hai ngd vao
1a nhiét do pin 7.(7) va toc d6 thay ddi nhiét o pin
dT.(1), tin hiéu ra ciia bo diéu khién mo 1a dong dién
sac mong mudn i.(f). Mach sac 1a mach cong suét
tao ra dong dién sac i(¢) theo gia tri mong muon i.(¢)
tinh toan boi bo diéu khién mo. Gia tri ngdn ngir cua
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cac bién vao va bién ra ctia hé mo trinh bay & Hinh
2. Ngb vao thir nhit 7, c6 4 gi4 tri ngdn ngit 1a LO
(Low), ME (Medium), HI (High) va OV (Overheat);
ngd vao thu hai d7. c6 3 gia tri ngobn ngir 1a LO
(Low), ME (Medium) va HI (High); va ngo ra i. c6
6 gia tri ngon ngit la ZE (Zero), VL (Very Low), LO
(Low), ME (Medium), HI (High), va VH (Very
High). Thong s6 cua cac ham lién thudc dinh luong
chc gia tri ngdn ngir duoc chinh dinh t6i wu boi giai
thuat di truyén trinh bay ¢ muc 2.3.

:

Loy

| GA

/

Hinh 1. So d6 khéi bd sac pin diéu khién mo ti
uu dung giai thuit di truyén

T,
A

LO ME HI ov

T.[C]

TcO TeMax

TcL TeM

TcH

udt,)
A

: dT. [°C/s]
dTel.  dTeM  dTeH  dTcMax
H(ic)
A
N LO ME HI VH
i. [A]
0 >
icVL icL icM icH icVH

Hinh 2. Céc gia tri ngdn ngir ciia bién vao va
bién ra cua bg dieu khién m¢

Nguyén tic dé dua ra cac qui tac didu khién mo
1a dwa vao kinh nghiém. Thyc té cho thdy dong dién
sac pin ti 1& thuan véi su thay d6i nhiét d6 cua pin.
Khi dong dién sac cang lon thi nhiét d pin cang

d V”
Ic Mach I . -
——Ij A7 M T sac [ ] P L
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tang nhanh va nhiét d¢ 1én cao, va nguoc lai, dong
dién sac cang nho thi nhiét do pin cang tang cham
va nhiét d6 duoc giir thip. Ngoai ra, két qua mo
phong va thyc nghiém ciing cho thdy, téc do thay
d6i dong dién trong qua trinh sac ciing lam thay d6i
nhiét d9 pin. Néu dong dién gidam manh thi nhiét do
pin c¢6 xu huéng bat dau giam dan sau mot thoi gian.
Néu dong dién gidm nhe thi nhi¢t d§ pin c6 xu
huéng 6n dinh va it thay doi. Nhu vay, truong hop
pin c6 nhi¢t do cao va c6 xu hudng tang nhanh, ta
can giam dong sac vé rat thip dé kiém ham su gia
tang nhiét do pin trude khi nhiét do dat ngudng nguy
hiém. Tuong tu, truong hop pin cé nhiét d§ trung
binh va c6 xu hudng tang nhanh, ta giam dong sac
vé muc thip dé klem ham nhiét 46 nhung khong qua
thip dé duy tri tc d6 sac nhanh. Trong khi d6, néu
nhiét d6 pin dang & mirc thap va khong c6 xu huéng
tang nhanh, ta c6 thé sac pin & dong dién sac rat cao
dé tang toc do sac pin va sau d6 giam dong sac néu
nhiét d¢ pin 1én mirc trung binh hodc cao, hoic néu
nhiét d6 pin c6 xu hudng tang vira phai hodc nhanh.
Va khi nhiét d6 da dat ngudng nguy hiém thi ta can
ngit sac dé bao vé an toan pin.

Tir cac hiéu biét va kinh nghiém & trén, bo diéu
khién sac pin gdbm 12 qui tic dugc dua ra nhu trinh
bay ¢ Bang 1.

Bang 1. Cac qui tic diéu khién mo sac pin

. T.
te LO ME HI OV
LO VH HI _ME ZE
dT. ME HI ME LO ZE
HI ME LO VL ZE

Bo diéu khién mo st dung phép toan tich
(PROD) dé tinh d6 dung cua timg quy tic va st dung
phuong phap giai mo trung binh c6 trong s6 dé tinh
dong dién sac pin tuong trng theo cong thirc gidi mo:

12
z Iy X ﬂ(i(~,k )
l- — k=1
12
Z lu(ic,k )
= (12)

Chat lugng ctia bo diéu khién md phu thude vao
cac thong sb ciia ham lién thudc. Qué trinh thir sai
dé lya chon cac thong sb trén thuong mét nhiéu thoi
gian va két qua diéu khién khong t6i wru do tinh chi
quan cua ngudi chinh dinh. Dé khic phuc nhuge
diém trén, cac thong so cua cac ham lién thudc cua
cac tap mo duoc chinh dinh ti uu bang giai thuat di
truyén.
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2.3. Giai thuat di truyén téi wu héa bd diéu
Khién mo

Giai thuat di truyén 13 giai thuat tim kiém 10 giai
t6i wu phong theo qué trinh tién hoa cua sinh vat
trong tu nhién (Mitchell, 1996) véi cac phép toan di
truyén 1a chon loc tu nhién, lai ghép va dot bién.
Trong nghién ctru nay, giai thuat di truyén toi wu hoa
b dicu khlen md sac pin duoc thuc hién theo luu do
giai thuat tong quéat & Hinh 3.

{ Bit dau }

A\

Khai dong

\J

Mo phong &
DPanh gia

|

o>

N
A
Chon loc Loi giai
t6t nhat
y
Lai ghép Y
( Két thuc )
\
Dot bién

Hinh 3. Luu d6 giai thuat di truyén

Trong giai thuat di truyén, mo hinh pin d trinh
bay & muyc 2.1 duoc sir dung dé mo phong va danh
gia chit lugng cac bo didu khién mo. Muyc tiéu cua
giai thuat di truyén 13 t6i wu hoa cac thong sb ham
lién thudc cua cac tap md ngd vao va ngd ra cua bd
diéu khién md sao cho qué trinh sac dién ra nhanh
va it lam gia tang nhiét d¢ cta pin. Cu thé, ham muc
tidu can toi uu la:
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2
t,
J — charge + y(tmm _ 7—;)2 N min
1000
(13)
1
fitness = n (14)
Trong cong thirc trén Zeharge 1a thoi gian sac pin,
tirc 1a thoi gian trang thai sac SoC tang tir 0% dén
100%; Temax 12 nhiét 0 dinh cla pin trong qua trinh
sac, va T, 1a nhiét d moi truong. HE sO ¥ nham tuy
chinh mirc d¢ anh hudng cta thoi gian sac hay sy
gia tang nhiét o trong qua trinh sac.

Phuong phap mi héa s thuc duoc 4p dung dé
ma héa thong s6 cia cac ham lién thude dinh lugng
céc gia tri ngdn ngit ctia bién vao va bién ra cua bd
diéu khién mo thanh cac gen trén chudi nhiém sic
thé. Pé bao toan y nghia ngdn ngir ctia cac ham lién
thugc (hay cac tdp mo), trong qua trinh chinh dinh
dung giai thuat di truyén, cc thong sé phai thoa man
cac diéu kién sau:

0<TcL <TecM <TcH <TcO <TcMax
0<dTcL <dTeM < dTcH < dTcMax
O<icVL <icL <icM <icH <icVH <icMax (15)

Phwong phap chon loc sip hang tuyén tinh dugce
ap dung trong nghién ctru, cc ca thé (hay nhiém sic
thé) dugc sip hang tir 1 dén N theo thr ty ting dan
cta do thich nghi tinh theo cong thire (13) va (14).
Xac sudt chon loc cuia ¢4 thé xép hang thtr k s& dugc
tinh nhu sau:

1 k-l
pom | n2i-n ]

Phuong phap lai ghép BLX-a (Eshelman &
Schaffer, 1993) dugc st dung dé tao ra c4 thé con tir
hai cé thé cha me duoc chon loc theo phuong phap
sdp hang tuyén tinh nhu trinh bay & trén. Mdi doan
gen ¢ cua cé thé con duogce tao tir doan gen twong
ung a; va by cua hai ca thé cha me va duoc chon
ngau nhién trong doan [Cuin, Cmar], trong do:

(16)

Cpip =Min(a,,b,)—ata, = b,|

(17)

Cpx =Min(a,,b, )+ at|a, —b,| (18)

Dot bién (Mutation) 1a qué trinh lam bién ddi
mét hodc nhi€u gen cua cac ca thé trong quan thé,
tao nén sy da dang gen trong quan thé, gilp giai
thuét d1 truyen co the thoat ra khoi cac diém cuyc tri

phap d(_)t bién ducjc sir dung 1a dot bién khong ddng
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nhat, trong d6 c6 xac suit dot bién & thé hé thir g
trén tong Gex thé hé dugce tinh nhu sau:

L S
2 G

max

(19)

pm

Khi g ting tir 0 dén vé gia tri G thi x4c suat
dot bién L pm glam tir 0,5 dén 0,2. Qua trinh dot bién
chon ngau nhién mot gen ¢ trong moi nhiém sic thé
dé dot bién tang hoic giam vé gia tri bién cua gen
theo cong thirc (20), mién dot bién cang nho lai khi
quan thé cang tién hoa.

ck :ck _(Ck _ckmin)pm

20
ck:ck+( Ck)pm e

ck max

Do tinh ngiu nhién cua giai thuat di truyén, sau
khi thuc hién lai ghép va dot bién s& co kha ning ca
thé con khong thoa cac rang bude (15) dé bao toan
y nghia ngon ngit cua cac tap mo. Trong truong hop
nay, ca thé con d6 duoc loai bo va mét trong hai ca
thé cha me duoc gitr lai tlep tuc tién hoa & thé hé
tiép theo.

Diéu kién ding ctia giai thuét di truyén c6 thé ap
dung linh dong theo lwa chon cua ngudi thiét ké. Co
thé dimg g1a1 thuat di truyén khi 101 giai da hoi tu,
tire 1a khi gid tri ham thich nghi (14) khong thay do6i
sau mot s6 thé hé cho truge. Mot so truong hop co
thé dimg giai thuat di truyen khi da tién hoa du sd
thé hé t6i da cho trude dé rut ngin thoi gian chay
giai thuat. Sau khi giai thuat di truyén hoan tat,
thong s6 ca thé tot nhit cta thé hé cudi cing dugc
cai dit bo diéu khién mo dé tién hanh diéu khién sac
pin kiém nghiém két qua.

3. KET QUA VA THAO LUAN

Mo phong danh gia giai thuat di truyén chinh
dinh t&i wu bd diéu khién mé sac pin dugc thuc hién
trén phin mém MATLAB. Két qua diéu khién mo
sac pin dugc so sanh v6i phuong phéap sac déng
dong voi dong dién sac 10A dé danh gia chat luong.
Do tinh chat ngu nhién ciia giai thuat di truyén nén
b6 diéu khién mo duge chinh dinh vai 1an va cac két
qua chinh dinh dién hinh dugc trinh bay.

Bai bao nay mo phong sac pin Lithium Iron
Phosphate (LiFePO4) dua trén mo hinh pin c6 thong
s6 day du nhu Bang 2. Thong s6 mo hinh pin nay
duoc rat ra tu tai liu k¥ thuét va dac tinh nap xa
thuc nghiém cua pin LiFePO4 3,2V 20Ah theo
phuong phdp trinh bay trong nghién ctru cua
Tremblay & Dessaint (2009).
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Céc thong sb cua giai thuat di truyén dugc chon
nhu sau: kich thudc quén thé N=15; hé s chon loc
sap hang tuyén tinh #=0,5; x4c suét lai ghép p.=0,9;
xéc sudt dot bién p,, giam tir 0,5 dén 0,2 theo cong
thirc (19), c4 thé tot nhat & mdi thé hé dugce bao ton
nham dam bao d¢ thich nghi ctia quan thé ting dan
trong qua trinh tién hoa.

Bang 2. Cac thong s6 mé phong ciia pin

Théng s6 Gia tri Pon vi
Trer 25 °C
Eyly, 3,0376 \
Rl 0,003 o
Ol 17,5 Ah
K, 00007  Qhodc V/dh
A 0,3769 V
B 1,7943 Al
OE/oT 0,0193 VIK
AQ/AT 0,0037 AWK
a 329,915 K
[0%) 329,915 K
B 1564,9 K
AP 30 w
7 1000 S
Ru 0,084 K/w
T 30 S
6. Fitness
115 -
Vi
114 F
113
112 f
E11r
1.1
1.09
1.08
— {5t RUn
1.07 o 20d Run
——5rd Run
1.06 -

EL ‘I‘D 1‘5 ZID 25 3“0
Generation

Hinh 4. Do thi thay d6i ham thich nghi 3 1in

chay GA

Trong ) y =1 dugc chon trong ham muc tiéu
(13), két qua t6i wu hda bo diéu khién mod duge trinh
bay dudi day. Hinh 4 1a d6 thi thay d6i ham thich
nghi (14) sau 3 lan chay giai thuat di truyén. Do thé
hé dau tién duogc khoi dong ngau nhién nén do thich
nghi ban dau cua cac thé t6t nhat ¢ 3 1an chay giai
thudt di truyén 1a khac nhau. Qua qu4 trinh tién hoa,
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d6 thich nghi ciia quan thé tang dan va tién dén gia
tri toi wu. Pé rat ngan thoi gian chay chwong trinh,
qué trinh tién hoa két thic sau 30 thé hé. C6 thé thiy
réng sau 30 thé hé, do thich nghi cia ca thé tt nhat
& 3 1an chay giai thuat di truyén gan bang nhau.

Hinh 5 14 thong sd cac ham lién thudc cia bo
diéu khién mo chinh dinh bang giai thuat di truyén
3 lan khac nhau. Tuy thong s6 cia cac ham lién
thuc khac nhau nhung két qua diéu khién sac pin
bang cac b diéu khién md nay nhu trinh bay & Hinh
6 1a tuong duong nhau.

dTc - 1stRun i-1stRun
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—H\GH
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—ZErRO
08 VERY LOW
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1 1 1
—Low —Low —2zERO
08| |[—wmED 08| |[—MeD 0.8 VERY LOW
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_ —over = ——MED
gos Zos gos HIGH
ES 3 3 —— VERY HIGH
2 E £
Eos go4 04
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Te-
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dTc - 3rd Run
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—ZErRO
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—Lo
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Tc [degree]

dTc(degreels] 103 i[A

Hinh 5. Thong si'i‘hz‘lm lién thudc tdi wu sau 3
lan chay GA

Hinh 6 so sanh dong dién sac pin, dién ap pin,
trang thai sac va nhiét do pin trong qua trinh sac
bang bo diéu khién mo va b sac dang dong. Khi
trang thai sac SoC=100% thi dién ap pin dat 3,65V,
ph hop véi dic tinh k¥ thuat cia pin LiFePO4. D6
thi cho thay thoi gian sac bang bd diéu khién mo
tuong duong thoi gian sac déng dong (khoang 5800
gidy). Tuy nhién, nhiét d6 t6i da ctia pin khi sac bang
bd dleu khién mo xap xi 39,7°C, trong khi d6 nhiét
dd t6i da khi sac dang dong 1a 40,2°C, nghia la d6
tang nhiét do pin trong qué trinh sac bang bo diéu
khién mo thap hon bé sac ding dong, nhd d6 giup
tang tudi tho ciia pin.

Luu y rang ty theo gia tri trong s  trong ham
muc tiéu (13) ma két qua chinh dinh t&i wru bo diéu
khién md sé& khac nhau. Néu trong sé y nh6 hon thi
giai thuat di truyén s& chinh dinh t6i wu bo diéu
khién md sac nhanh hon, tuy nhién gia tang nhiét do
trong qua trinh sac s€ cao hon. Nguoc lai, néu chon
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trong s6 y16n hon, thi két qua chinh dinh t&i wu bang
giai thudt di truyén s& dugc bo diéu khién mo sac
cham hon dé sy gia tang nhiét d6 trong qu4 trinh sac
thip hon.

Charging Current

2000 3000 4000 5000 8OO0

Battery Voltage

o 1000 2000 3000 4000 5000 6000

State of Charge

3000 4000 5000 G000

Time [s]

o 1000 2000

Battery Temperature
42

Tc [degree]

) 1000 2000 3000 4000 5000 6000

Hinh 6. So sanh két qua sac pin dung bd diéu
khién mo toi wu va b sac dang dong 10A

4. KET LUAN

Bai bao nay da trinh bay mot hé¢ théng sac pin
diéu khién mo dung giai thuat di truyen bong gop
moi ctia bai béao la cac qui tac diéu khién mo xét dén
nhiét d6 pin va téc do ting nhiét do pin trong qua
trinh sac dé dwa ra dong dién sac phu hgp. Mat khac,
giai thuat di truyén chinh dinh t6i wu bo diéu khién
m& dugc thiét ké dé bao toan y nghia ngdn ngir cua
cac ham lién thudc. Bang didu khién mo, bo sac co
thé diéu chinh dong dién sac phu hop theo nhiét o
cua pin khi sac, nho d6 c6 thé duy tri dugc nhiét do
cua pin & mot mirc cy thé, tranh nhiét do pin qua cao,
bao v€ an toan cho pin va khong gay anh hudng
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nhiéu dén tudi tho pin, nhung ddng thoi van c6 thé
dam bao duogc thoi gian sac pin nhanh nhét co thé.
Ung dung giai thuat di truyén dé t6i wu két qua sac
cling da giup loai bo yéu t6 con nguoi trong hiéu
chinh b diéu khién sac pin. Hé thong c6 thé ty tinh

TAI LIEU THAM KHAO (REFERENCES)

Ali, M. U., Nengroo, S. H., Khan, M. A., Zeb K.,
Kamran, M. A., & Kim, H.-J. (2018). A Real-
Time Simulink Interfaced Fast-Charging
Methodology of Lithium-Ion Batteries under
Temperature Feedback with Fuzzy Logic
Control. Energies, 11(5), 1122.
https://doi.org/10.3390/en11051122

Ayoub, E., & Karami, N. (2015). Review on the
charging techniques of a Li-lon battery, 2015
Third International Conference on Technological
Advances in Electrical, Electronics and
Computer Engineering (TAEECE), 50-55.
https://doi.org/10.1109/TAEECE.2015.7113599.

Cheng, Y. S., Young, C. M, Liu, Y. H, Chen, G. J.,
& Yang Z. Z. (2015). Design and
implementation of Li-ion battery charger using
state-of-charge estimation with fuzzy
temperature control. 2015 IEEE International
Conference on Industrial Technology (ICIT),
2075-2079.
https://doi.org/10.1109/ICIT.2015.7125402

Eshelman, L. J., & Schaffer, J. D. (1993). Real-
coded genetic algorithms and interval-schemata.
Foundations of Genetic Algorithms, 2, 187-202.

Goldar, A., Romagnoli, R., Couto, L. D., Nicotra,
M., Kinnaert, M., & Garone, E. (2021). Low-
Complexity Fast Charging Strategies Based on
Explicit Reference Governors for Li-lon Battery
Cells. IEEE Transactions on Control Systems
Technology, 29(4), 1597-1608.
https://doi.org/10.1109/TCST.2020.3010322

Hsieh, G. C., Chen, L. R., & Huang, K. S. (2001).
Fuzzy-controlled Li-ion battery charge system
with active state-of-charge controller. IEEE
Transactions on Industrial Electronics, 48(3),
585-593.
https://doi.org/10.1109/41.925585

Karolyi, G., Pézna, A., Hangos, K. M., & Magyar,
A. (2022). An Optimized Fuzzy Controlled
Charging System for Lithium-Ion Batteries
Using a Genetic Algorithm. Energies, 15(2), 481.
https://doi.org/10.3390/en15020481

Li Y., Li, K, Xie, Y., Liu, J., Fu, C., & Liu, B.
(2020). Optimized charging of lithium-ion

38

Tép 60, S6 64 (2024): 31-38

toan, mo6 phong va chon ra bd sac phu hop véi yéu
cAu cla nguoi van hanh. Pinh hudng sép té1 bo sac
pin mo t6i wu dung giai thuét di truyén s& duoc ap
dung thyc nghiém dé danh gia chat lugng sac pin
thuc té.

battery for electric vehicles: Adaptive multistage
constant current—constant voltage charging
strategy. Renewable Energy, 146, 2688-2699.
https://doi.org/10.1016/j.renene.2019.08.077

Mitchell, M. (1996). An Introduction to Genetic
Algorithms. The MIT Press.

Peng, B. R., Wang, S. C,, Liu,Y. H., & Yan-Syun,
H. (2016). A Li-ion battery charger based on
remaining capacity with fuzzy temperature
control. 2016 IEEE/ACIS 15th International
Conference on Computer and Information
Science (ICIS), 1-5.
https://doi.org/10.1109/ICIS.2016.7550768

Do, B. P, Do, N. Q., Pham, D. H., & Nguyen K. T.
(2021). Research on the fast charging method for
lithium battery based on thermal model. Journal
of Science and Technology for Energy, 26, 27—
40 (in Vietmamese).

Shabani, B., & Biju, M. (2015). Theoretical
modelling methods for thermal management of
batteries. Energies, 8(9), 10153-10177.
https://doi.org/10.3390/en80910153

Surmann, H. (1996). Genetic optimization of a fuzzy
system for charging batteries, IEEE Transactions
on Industrial Electronics, 43(5), 541-548,
https://doi: 10.1109/41.538611.

Tremblay, O., & Dessaint, L. A. (2009).
Experimental validation of a battery dynamic
model for EV applications. World Electric
Vehicle Journal, 3(2), 289-298.
https://doi.org/10.3390/wevj3020289

Wang, S. C., & Liu, Y. H. (2015). A PSO-based
fuzzy-controlled searching for the optimal charge
pattern of Li-ion batteries. IEEE Transactions on
Industrial Electronics, 62(5), 2983-2993.
https://doi.org/10.1109/TIE.2014.2363049

Zhang, S., Zhang, C., Xiong, R., & Zhou, W. (2014).
Study on the Optimal Charging Strategy for
Lithium-Ion Batteries Used in Electric Vehicles.
Energies, 7(10), 6783-6797.
https://doi.org/10.3390/en7106783


https://doi.org/10.1016/j.renene.2019.08.077
https://doi.org/10.3390/en7106783

	1. GIỚI THIỆU
	2. PHƯƠNG PHÁP NGHIÊN CỨu
	2.1. Mô hình hóa pin
	2.2. Bộ điều khiển mờ sạc pin
	2.3. Giải thuật di truyền tối ưu hóa bộ điều khiển mờ

	3. KẾT QUẢ VÀ THẢO LUẬN
	4. KẾT LUẬN

