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UNG DUNG BIEU KHIEN DC- DC HAI CHIEU
TRONG MACH SAC BIEN VA XA BIEN CHO ACQUY XE DIEN

Ta Thi Mai’, Pham Thi Hwéng
Trwong Dai hoc Sao Do

“Email: maidtth@gmail.com

TOM TAT

Lwu triv ndng luong da va dang tré thanh mot thanh phén cét yéu trong hé théng nang luong téi
tao, déac biét la trong hé théng co nguén pin nhuw xe dién hién nay. Tuy nhién trong qua trinh tich dién
va xa dién cta pin dbi véi hé théng sac tiéu chuén, mét sé théng sé cua pin chwa duwoc kiém soat béi
nguoi str dung, diéu nay dan dén viéc pin nhanh bj Ido hoa va gidm tuéi tho cta ching, chung ta sém
phéi thay thé nguén pin méi. Mat khac, trong trirong hop khén cép hodc duw thira dién hé théng sac
tiéu chuén khé cé thé chuyén nang luong trong xe vé Iuéi dién thanh dién AC dé cung cép cho cac
thiét bi bén ngoai. V&i sw phét trién cua cac phuong phap diéu khién nham muc dich bdo vé pin, téng
tuéi tho ctia pin, gitip vong doi cua pin dai hon va cé thé tan dung dong dién, dién &p dw thira hay cung
cép nang lurong trong trurong hop khéan cép. Bai bao dé xuét phuong phap bién déi DC — DC hai chiéu
str dung logic m¢or dé diéu khién qua trinh sac dién va xa dién cho pin gitp dong dién én dinh, dién 4p
6n dinh, hay cung cép ngudn khén cép cho thiét bi ngoai. Két qué nghién ciru duoc mé phéng bang
phan mém Matlab/simulink cho két qué dong dién, dién &p, cdng suét trén pin rat én dinh dap tng
nguén én dinh cho hé théng xe dién va tang tuéi tho cho pin.

Ttr khod: B6 bién dbi DC-DC hai chiéu, tich luy ndng lwong, pin, diéu khién, hé théng quén ly ndng
lwong.

1. GIOI THIEU CHUNG
Ngay nay, viéc st dung cac ngudn nang N\ L
. B a g Pin [ ™| Botangap
lwong tai tao dé bao vé mdi trwdng va tiét kiém A
nhién liéu héa thach dang la xu huwéng, do dé yéu ™
cau dv trlr nang lwong ciling ngay cang duogc

quan tdm. Trong cé’c trng dung nhw xe 6 t6 dién, I Acauy e
xe may dién, hé thong xe lai (hybrid: dong xe st

dung mét dong co dét trong va mét dong co
dién), bd lwu trir nang lwong (pin) c6 thm quan
trong, ching cé méi lién két vai tai va ngudn rat
chat ché dé hé théng hoat dong tin cay, hiéu qua. Trong (rng dung céng nghiép, bo bién dbi DC-
B6 bién déi DC -DC hai chiéu néi ngudn voisieu  DC hai chiéu dugc st dung trong nhiéu tng dung
vi cac thiét bj dwoc bat va tat & tan s6 cao nén
DAB (cAu hoat dong kép) - IBDC (bd bién di DC-
DC hai chiéu cach ly) cung cép ca cach ly dién,
Iwu trlr thang dw nang lwegng va dong dién hiéu
qua ma khéng lam lang phi nang lwgng [2].

Bai bao trinh bay nguyén ly lam viéc cta bd
bién déi dien DC-DC hai chiéu va (rng dung vao
diéu khién qua trinh sac dién va x& dién trong
ngudn pin cta hé théng xe dién.

Bién doi
DC-DC
hai chiéu

B6 bién ddi
DC-DC
hai chiéu

Hinh 1. So do khdi nguon pin xe dién

tu dién nham tang dd tin cay cla hé thdng.

So d6 khdi ngudn pin trong xe dién, bd bién
déi DC-DC hai chiéu (Hinh 1) duwoc st dung dé
thu déng nang clia déng co’ va sac pin trong qua
trinh ngat tai sinh bang dong nang lwong nguoc
[1], v&i sw tro gitp ctia bd bién dbi dién mot chiéu
sang mot chiéu dé didu hoa ngudn dién va dong
dién théng subt cho tai.
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2. BO BIEN POI DC-DC HAI CHIEU
2.1. B6 bién déi DC-DC hai chidu

B bién ddi DC-DC rat da dang vé c4u tric va
dwoc phan loai theo chirc nang: Bo bién dbi DC-
DC gidm &p (buck converter), bd bién dé6i DC-DC
tang ap (boost converter), bd bién dbi DC-DC
tang-giam ap (buck-boost converter). Trong bai
bao nay dé cap dén phuwong phap bién dbi DC-
DC tang-gidm ap. Hinh 2 1a cu truc bd bién dbi
DC-DC hai chiéu. So d6 la sw két hop chéng
song song ctia bo bién dbi buck-boost. Trong qua

ﬂ 9 : Bidirectional DC-DC Converter
set 0 to break |Z -
L
I
&
w
(i

[51]

L voa Load % c f o e 10
T ot
]
sz

trinh sac dién, S1 dan dién thwc hién qua trinh
nap dién cho pin, trong khi dé S2 & ché do khoa.
O ché do xa dién, S2 dan dién tao mach xa cho
pin va S1 khoa. Gitra hai qua trinh sac dién va xa
dién cla tu ton tai mot khodng thdi gian tré nhd
dé hai qua trinh hoat ddong doc 1ap khéng bi chéng
l&n gay xung dét v&i nhau [3]. Mach loc RC dé
san phang dién ap trong qua trinh sac ctia pin va
mach loc RL dé san phang dién ap trong qua trinh
xa cta pin. Tin hiéu [S1] va §; diéu khién qua
trinh sac va xa cua pin.

Distcrete
lellss

powergui

=-| Vhatt_Power|
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50C,
battery curent &

voltage
' w Pload[>

=

Hinh 2. Sa dé bé bién ddi DC-DC hai chleu

2.2. M6 hinh toan hoc bo bién déi kiéu buck-
boost [6]

i AY I.E)"I i Iy

Mt k=1

I, I

tiiy C) T L fc Hl Uy
c T ik

Hinh 3. So d6 mach bo bién ddi buck- boost

O trang thai 1 ta c6 hé phwong trinh mé ta so
dd mach dién ctda bd bién ddi buck-boost
converter:

diL .
{L.E—rLLL+um
duc 1
C._ - —
o = e (1)
I Uy = R u
k 0~ R+r1¢ ¢

Tw (1) viét lai theo dang khong gian trang thai
ta c6 cac ma tran xac dinh:

—VLZ 0 1
— R
A4 = 1 ;B =| L ;q:{o }Dl=o
0 — 0 R+7,

1
C(R+7)

O trang thai 2 ta c6 hé phwong trinh mo ta so
dd mach dién ctia bd bién ddi buck-boost
converter:

diy, .
L—=-ni,—u
at LlL 0
du, R . 1
PTinirye c @
dt R+7rc R+7¢
R
u el +u
0= 7ar (rciy c)

Tw (2) viét lai theo dang khéng gian trang thai
ta c6 cac ma tran xac dinh:
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- ( R ] - Pin cla hé ‘théngxnéy dwoc kf“ét nrf:i v&i bus
L L\ Rt " L(R+10) DCva f‘]’u’o’c dieu khi‘en b&i bd bién’ doi DC-DC
2 1 R 1 1 hai chiéu (Hinh 2) gdom hai céng tac S1 va S2
C(R+1.) C(R+1.) diéu khién qua trinh sac va xa. Hinh 4 giai thich

0 Rr R quy trinh diéu khién chi tiét qua trinh sac dién

B, = -C, = c ‘D, =0 L2 i 5 . 2 an Ay A: 1
2 _0}’ 2 [R+rc R+rc} 2 va xa dién cua pin. Trong ché dd két ndi lvdi

hodc tai, v&i léenh DC_ref Ctrl = 0, bod bién ddi
Phuong trinh cla b6 bién doi kiéu buck-boost  gidy khién dong dién (Pbat) vao hoac ra khdi
converter dwgc mo ta trén khéng gian trang thai

- pin, trong dé & ché do xa Pbat > 0 va & ché do
theo dang chuan:

sac Pbat<0. Dau ra cudi cung cla bo diéu
[ R, 1 R khién pin la tin hiéu chuyén mach hai chiéu

]|z D | TR 1 Td < A
{ }: e e [H } Thbat (g1, g2). Trong ché do “dao”, Iénh didu
1 R 1o < L VY
(lfd)E(RHC) fzm khién DC_ref_CtrI duwoc dat Ia"‘1”, bd bién doi
- R 2 T dé 1am viéc & ché do tham chiéu dién ap. Dién

uy =| (1-d)—=< - . ar N S VI

T R+1, R+rc}{uc} ap dau ra cua bd bién doi, cling la dién ap bus
DC, dwoc diéu chinh theo tham chiéu dé dién

Ma tran hé théng: ) . X
o 9 ap tai DC dworc On dinh. B diéu khien giam sat

[% [—TL - (1-d) RR_:C ] -(1- d)%R _I: SoC (state of charge) cua pin va thwc thi cac
r r
A= ¢ 1 1 °|p gioihan trén va dusi (SoC_upper = 90% va
(1-d CR+ o) "CR+ o) SoC_lower = 10%) dé tang vong doi. Viéc chon
Rr R cac gi¢i han SoC khéng anh hwéng dén hiéu
p=[lic=]a-o=5 [ip=0 , 20 en mon Eon 9 fen e
0 R+rc R+rg suat cua bo diéu khién.

Phuong trinh diém 1am viéc can bing clia hé 4. HE THONG SAC VA XA THONG MINH
thong: 4.1. So dd khoi
Hinh 5 la so dd khéi hé théng diéu khién sac

— dién va xa dién cho E)in dung phwong phap diéu
u, = (1 —d)RiL 3) khién DC-DC hai chiéu.
" (—rLiL +dum)(R+rC) - -
0 (1-d)R+r, Pl%gslzusl;f;|en N Chuyén Dong
3. MACH DIEU KHIEN SAC DIEN VA XA DIEN macmaua —> S:ieéun
CHO ACQUY PID diéu sac/xa sac/xa
Mach diéu khién sac dién va xa dién la mot khién dong xa
bé dém nang lvong:
: Bién dbi DC-
Tai |e Ac quy fe] DC hai chidu
y 3
Sll Hién thi Nguén DC
- B PL ) PWM { Tg‘:m(gngz) Hinh 5. So d6 khai
VBE —) C?—- 0 .
vet  |pe e ew S5 Khéi diéu khién dong sac (hinh 6): Nhiém vy

Hinh 4. Quy trinh diu khién sac va xa [3] cua mach la diéu khién dong 16i ra sao cho sai
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l&ch (Va(t) =Vas-Vao) gitra gia tri dat véi gia tri do
la nhd nhét, trong hé thdng gia tri dat la 25.955
(~26V), gia tri do 12 25.61V, ta cb sai sb 1a 0.345V
tin hidu nay dua dén bo Iy mau va bién déi PID,
qua bd khuéch dai va dua ra dién ap dau ra 13 -
22V dwa ra dong ra iref_ch dwa t&i chuyén mach
Iwa chon.

Generation of Ref current for Battery Charging.

Khi sac day dien
ap tham chieu
cua pin la 26.77

2508

V ref of battery

|
V ofp

Hinh 6. Khdi diéu khién dong sac

Generation of Ref current for Battery DisCharging

» [iref_dis]|

Hinh 7. Khéi diéu khién dong xa

Khéi diéu khién dong xa dién hinh 7: Nhiém
vu clia mach la diéu khién dong 16i ra sao cho sai
léch (Ve(t) =Vngusn-Vao) gitra gia tri dién &p ngudn
va gia tri do 14 nhé nhét, trong hé théng gia tri
ngudn |a 48V va gia tri do 12 47.93V, ta c6 sai sb
2 0.07V tin hidu nay dwa dén bo Idy mAu va bién
déi PID, qua bo khuéch dai va dwa ra dién ap dau
ra la 15V dwa ra dong ra iref_dis dwa t&i chuyén
mach Iwa chon [4, 5].

Detect mode (chraging or discharging)

[iref ch]
[iref disp—— P

Hinh 8. Khdi chuyén mach lua chon sac va xa

4.2. So d6 mé phéng

Khéi chuyén mach Iwa chon: La mét chuyén
mach ba trang thai ty déng dé Iwa chon trang thai
sac dién, xa dién hay trang thai khéng sac hoac
Xa.

Khéi sac va xa cho pin (hinh 8): Gém bd diéu
khién PID dé so sanh dongi_ref v&i dong do dwa
ra sai sd. Tin hiéu ra PID so sanh v&i mot tin hiéu
xung rang cua, lay dong ra S1 dwa téi bd DC-DC
hai chiéu dé sac va xa cho pin.

Current control of battery in Charging & Discharging

P co do baa hoa -dong
tham chieu (ol da la 22A:
Dong sac max tren pin

Hinh 9. Khdi diéu khién dong sac va xa

Mach bién dbi DC-DC hai chiéu: Tao mach
sac hay xa dién trén ac quy. Gilr cho dong dién
va dién ap xa ludn 6n dinh.

Khéi hién thi: Hién thi dang séng tin hiéu tai
céac diém do hoac gié tri tai cac diém do.

Tai: La thiét bj tiéu thu dung chung cho ca qua
trinh sac va xa dién cla acquy.
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~ [midrecnon, al DC-DC Comvenes

EOL g
< 4"
JI-m -l e o S oy -k
- T . 5 .
+ T T
L. = DA ]
T @ L= 0L, Detoct mode {chragng of dscharging)
[Foatt] banery cumen &
— | bt —17
ion
Generation of Ref cunent for Batlery Charging. Generation of Rel current for Battery DisCharging Current control of battery in Charging & Discharging

Hinh 10. Sd do mo phong trén matlab/Simulink

5. KET QUA MO PHONG, PHAN TiCH <S0C (%)>
5.1. Két qua mé phong 90 i
Truong hop 1: Két qua moé phéng cho hé BRI |
théng sac hodc xa dién cho pin véi cac tham s **%°[ =
nhw sau: Dién ap ngudn cung cap mét chiéu la e | '
48V; Pin sac dén 45%; Dién ap dat cho acquy sac T | |
day 1a 26V: dién ap binh thuong 1a 24V; dung
lwong acquy 1a 50(Ah); acquy loai Lithium-ion. Hinh 11b. Trang thai sac (90%)
Trwong hop 2: Két quéa mé phdng cho hé . V battery (Volt) &
thdng sac hoac xa dién cho pin véi cac tham sb !
nhw sau: Dién 4p ngudn cung cip mét chiéu la =
258

48V; Pin sac dén 90%; Dién ap dat cho acquy sac
day la 26V; dién ap binh thuwong la 24V; dung zs.?‘\

]

256 |

lwong acquy la 50(Ah); acquy loai Lithium-ion.

<50C (%)=

Hinh 12a. Do thij dién ap khi sac 45%

45 \
44.99 ‘\\ 1 V battery (Volt}

44,98 28
44,97 e &\
25.8
44,96
25,85 ——
25.8
Hinh 11a. Trang thai sac (45%)

Hinh 12b. Do thi dién ap khi sac 90%
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| baltery (A
50 hattery | .:I
40 ‘
30 F
20
2= |
10 ‘
: |
] 1 2 3 ] 5
Hinh 13a. Do thi dong dién khi sac 45%
| battery (A)
-
g | | |
2n B T |
: ]
i :
[+ 1 2 3 4 =1
Hinh 13b. Do thi dong dién khi sac 90%
Power Calculation (Source, Battery, Load) Watt
1000
500
@
07
|
-500 |

i] 1 2 3 4 5

Hinh 14a. Do thi cong suat ngudn, pin, tai khi sac 45%

Power Calculation (Source, Battery, Load) Watt

1000

500

0

500 ; f i
0 1 2 3 4 5

Hinh 14b. Do thi cong suat nguon, pin, tai khi sac 90%

Bang 1. Bang cac tham so cla
hé thong tai ché do sac 45% va 90%

SOoC
. 45% 90%
Tham so
Uop(V) 25.61 25.87
Vref cla pin (V) 25.95 25.95
iref(A) 15.69 15.45
::()O/ p1) Sacixa 0.5854 0.5555
iaiff(A) 1.195 0.5661
Prguan(W) -5.532¢" -8.298e°
Prin(W) 409.4 404.4
Prai(W) -382.8 -385.2
| battery (A)
18
17
16
15
14
0 1 2 3 4 5

Hinh 15. D4 thi bién doi tin hiéu dong

=Currant (&)= > | | ——

7 v Signal Statistics Ao
Value Time

hdax 4.487a+01 1.300e-03

hdin 2.256e-01 0. 0D+

Peak to Peak 4.4T5e+01

hiean 1.627e+01

hedian 1.630e+01

RMS 1.628e+01

Hinh 16. Cac tham sd dong tin hiéu

5.2. Phan tich

T két quéa md phdng trén hinh 11 dén hinh
16 md ta hai trang thai nap SOC la 45% va 90%
va bang 1 cac tham sb hé théng (ng v&i hai tham
sb nap trén. Hinh 11 chi ra ti sé bién dbi dinh dinh
(peak to peak) SOC 45% la 0.0438 con cua SOC
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90% |a 0.04293 két qua nay thé hién la bién do
tin hiéu SOC déi v&i qué trinh nap 45% pin hay
90% pin kha 6n dinh. Hinh 13 cho thdy dong nap
cho hé théng rat 6n dinh, dong trung binh cho ca
hai trang thai nap 1a 16.46A va 16.3A, bién dé tin
hiéu nap bién ddi tir 15.88A dén 16.4A (hinh 15).
Hinh 12 cho thay dién ap duy tri trén acquy trong
ca hai qua trinh rat &n dinh sau khoang th&i gian
T=1; Béi v&i trang thai nap 45% la 25.61V va 90%
la 25.87V. Coéng suét tin hiéu ra tinh toan dwoc
trén tai dbi véi ngudn, acquy va tai dbi véi trang
thai nap 45% 1an luot Ia: -5.532e-5(W), 404.9(W),
-382.8(W); trang thai nap 90% lan luwot la: -
8.298e-5(W), 404.4(W),
-385.2(W). Day la cong suét rat I6n dé cung cép
cho hé théng xe cé téc dd khodng 35km/h dén
40km/h.

Hinh 15 va 16 chi ra bién d6 dao doéng dinh
dinh cla tin hiéu dong nap trén acquy va bang
cac tham sb clia dong; ta thdy dong dién nap cho
pin kha &n dinh dao déng tlr 16A dén 17A.

KET LUAN

Trong bai bao tac gid da nghién clru, moé
phdng, dwa ra dwgc md hinh tng dung bd bién
déi DC-DC hai chiéu dé diéu khién acquy nap

dién va xa dién. Két qua mé phéng da dua ra
dwoc cac do thi bién ddi ciia dong dién, dién ap
trén acquy (pin), cdng suét tin hiéu ra twong &ng
tai ngudn, acquy, tai trong hai trudng hop sac
dién va xa dién. Cac tham sb nay gén v&i yéu cau
&ng dung thuc té trén hé thdng xe dién la phu
hop. T két qua trén ta thay bd bién ddi DC-DC
hai chiéu cho két qua diéu khién qua trinh sac
dién va xa dién cla acquy la 6n dinh, hé thdng
ngudn nay trong truéng hop khan cép co thé dua
qua bo bién dbi AC dé hoa ludi hodc cung cap
cho thiét bi ngoai. Bai b4o da nghién ctru trén hé
thdng pin Lithium-ion (loai pin théng dung trén 6
t6 dién, dién thoai di ddong va may tinh xach tay
hién nay). Hé théng DC-DC hai chiéu tuy chua
dwoc thay thé cho cac ngudn pin tiéu chuan vi gia
thanh cao. Tuy nhién, v&i sy phat trién cla cong
nghé va kha nang s dung nang lwong tai tao
trong twong lai né sé dugc thay thé dan cho hé
thdng sac tiéu chuan trén cac dong xe doi méi.
Han ché cua bai bao la mdé phdng chwa duoc
nghién ctu trén cac hé thdng pin khac nén chua
danh gia dwoc tinh wu viét cia hé théng pin
Lithium-ion. Day la hwéng phat trién clia tac gia
trong nghién ctu tiép theo.
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ABSTRACT

Energy storage has become a fundamental component in renewable energy systems, especially in
battery-powered systems like current electric vehicles. However, in the process of charging and discharging
the battery with a standard charging system, some parameters of the batteries are not controlled by the
user, which leads to rapid aging and reduced life of the batteries. We soon have to replace the new battery
source. On the other hand, in an emergency or an excess of electricity, the standard charging system can
hardly convert the energy in the vehicle to the grid into AC power to supply external devices. Control
methods develop to protect the battery, increase its life, prolong its life, and be able to take advantage of
excess currents, voltages or provide power in an emergency. The article proposes a two-way DC-DC
conversion method using fuzzy logic to check the charging and discharging process of the battery to help
stabilize the current, stabilize the voltage, or provide emergency power to external devices outside. The
research results are simulated using Matlab/Simulink software, resulting in a very stable current, voltage,
and power on the battery, meeting a stability source for the electric vehicle system and increasing the life of
the batteries.

Keywords: Bidirectional DC to DC Converters, energy storage, battery, control, energy management
systems.
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