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TOM TAT

Bai viét nay trinh bay thiét ké bé nguon cong sudt cao cap dong cho dong co day trén
phuong tién khong nguoi lai dudi nuoc (AU V) Bé nguon dwoc thiét ké bang cach mac noz tiép cdc
cell pin Lithium co kha nang xa dong cao dé dat dwoe dién dp mong muon. Cdc cau noi giita cac
cell pin phai dam bdo di tiét dién dé dan dong dién I6n. Ngodi ra, mot hé thong gidm sat bg nguon
(BMS) ciing can phdi c6 dé giam sdt va can bang dién dp giita cdc cell pin. BMS sé ngdt dong tdi
ra khéi bo nguon khi dién dp trén mét cell pin qud thap khi xd va ngdt dong sac ra khéi bé nguon
khi dién ap trén mét cell pin qud cao. Céc két qua do dwoc tir thue nghiém chitng minh thiét ké dam
bao yéu cau cho itng dung ciia AUV trong thuec té.

Tw khéa: Pin Lithium-ion; Hé thong qudn 1y pin; An toan pin; Thiét ké mé dun; Thiét bi
khong nguoi lai duoi nuoc.

ABSTRACT

This paper proposed a design of a battery with large power. The battery supplies high
current to a motor assembled in an automotive underwater vehicle (AUV). To achieve the specific
voltage, Lithium cells with high discharge current were connected serially. There exists a connector
between two consecutive cells and high current can pass through the connector with large cross-
section. In addition, a battery management system (BMS) was utilized to monitor and balance
voltage between cells. BMS cut off charge or discharge current when cell was over-voltage or
lower-voltage respectively. Experimental results demonstrated that the design of the battery is
effective for AUV applications in practice.

Keywords: Lithium-ion battery, Battery management system; Battery safety;, modular
design,; Autonomous underwater vehicles.
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1. PAT VAN PE

Phuong tién tu hanh dudi nudc (AUV)
1a mot thiét bi tién tién c6 kha nang tu than hoat
dong bén trong moi trudong nudc. Ching ngay
cang dugc quan tAm hon boi sy dong gop rat
16n trong cac linh vyc nhu thim hiém, khao sat
moi truong nudc, hodc cac ing dung quén su
[1]. Tuy nhién, vin dé cung cip ning luong cho
AUV d3 ludn 1a mot han ché rat 16n anh huong
dén su phat trién cua chung. Dac biét 1a khi xu
huéng phat trién dang huéng téi cac AUV ¢
kich thudc nhé cung véi toe do vuot troi [2].

Mic du c6 nhiéu loai nang lugng khac
nhau, d6i v6i AUV ¢ nho, pin so cap va thir
cap 1a ngudn niang luong thong dung nhat [3].
Trong d6, pin lithium 1a Iya chon hang dau ké
ca d6i voi cac thiét bi dién tir hay cac thiét b
tu hanh nho vao mat do nang luong, cong suit
cao, cung voi vong doi 1on, va than thién véi
moi truong [4].

Mat khéc, tinh hi€u qua ciing nhu d6 an
toan khi sir dung pin lithium 13 nhitng han ché
rat 16n kim him sy phat trién cua pin [5]. Vi
vay, trong bd ngudn sir dung pin lithium thi mot
hé thong quan 1y cac cell pin lithium 1 can thiét
dé c6 thé diéu khién bod nguén hoat dong & diéu
kién t6i uru nhat. Nhiéu chirc ning cta hé thong
quan ly cac cell pin da dugc nghién ctru va phat
trién [5].

Bai viét nay tip trung vao thiét ké bo
ngudn cong suét cao co dong phong 16n trong
mot khoang thdi gian ma van dam bao dién ap
khong thay d6i qua nhidu. Phan II s& mé ta yéu
cau vé kich thudc va cac thong sb can thiét cua
bd ngudn. Phan III dé xuét thiét ké cua mot hé
thong hoan chinh giup dam bao viéc giam sat
va bao vé€ trong qua trinh van hanh sac xa cia
bd pin. Phan IV trinh bay két qua cta cac thuc

nghiém do dong xa va két qua giam sat bo pin.
Phan V cuoi cung sé& dua ra két luan cho bai bao
va tong ket cac két qua da thyc hién dugc.

2. MO TA HE THONG
2.1. Khung chiu lye cho hé théng pin

AUV duogc van hanh trong moi truong
nudc, nén tai trong va kich thudce cia hé théng
pin phai dugc dam bao nim trong ving sai s6
cho phép ciia nha san xuat dé ra. Bén canh do,
phan khung ctia AUV duoc thiét ké dé co thé
hoat dong dugc trong mdi truong co ap suit 16n
tir bén ngoai, nén khong gian bén trong cuia cac
khoang s€ bi gidi han.

Khoang chura pin cua AUV c6 duong
kinh ¢, chiéu dai 1. Hé thong pin dugc dit vao
bén trong khoang trén 2 ray trugt song song
cach nhau khoang cach d va dugc cb dinh bang
mot hé gidng giam chén.

2.2. Céc thong so yéu cau ciia by nguon
B¢ nguon cong suat 1on cung cap dong
xa cao cho dong co day cua AUV c6 cac thong

s6 co ban nhu Bang 1.

Bdng 1. Théng s ciia bé nguon can thiét ké

Théng sb Gia tri
bién ap danh dinh, V 90+ 10
Dong xa lién tuc, A 560+ 10
Dung lugng, Ah 100
Bao vé€ qua sac Co
Béao vé qua xa Co
Pién trd cach dién, MQ >20
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3. THIET KE DPE XUAT
3.1. Thiét ké co khi cho b pin
3.1.1. H¢ pin

Thanh phan chinh dung dé thiét ké bo
ngudn 1a cac cell pin lithium loai LiFePO4 ¢
dién ap danh dinh 1a 3.2V. DPay la loai pin c6
mirc do an toan va dung luong phu hop. Dé bd
nguén dat dugc dién &p danh dinh nhu bang 1
thi can phai méic ndi tiép 29 cell pin LiFePO4
lai v&1 nhau. Céc cell nay dugc chon loai co
dung luwong 16n 100Ah c6 trén thi truong dé
dap ing yéu cau vé dung luong va dic biét 1a
loai cell nay phai c6 kha ning xa 16n hon 5 lan
dung lugng (> 5C) ciia n6 dé dat dong xa cao.
O day cell duoc chon 1a dong xa 8C.

3.1.2. Cau néi cdc cell pin

Dé két ndi cac cell pin theo dang mic
ndi tiép thi giita cac cell phai co cau ndi véi yéu
cau 1a dam bao duoc kha ning din dong dién
16n. Cau ndi duoc thiét két bang dong vai yéu
cau dién tich mat cat ngang va dién tich tiép
xuc 13 hai yéu t tién quyét anh huong truc tiép
dén hiéu suat truyén tai dong dién.

Dién tich mat cit ngang t6i thiéu khi
thiét ké cuc dong duoc tinh bang cong thirc sau
[6]:

I 560

SCS—E—?M'9333?TL?H (1)

Vi, S_: Dién tich mat cit ngang, mm?;
I: Cuong do dong dién, A;J_: Matdo dong dién
qua mot don vi dién tich mat cit ngang, A/mm?,
dugc chon 1la 6A/mm? cho Vat 11eu dong [7].
Ngoal ra, dién tich tlep XUc can gap it nhat nim
lan dién tich mat cit ngang dé mang lai kha
nang truyén tai dién ning tot nhat [8].

Hinh 1. Cau noi “I”

Tuy theo cach bé tri cac cell pin ma cac
cau ndi s& khac nhau, tuy nhién van phai dam
bao yéu cau vé tiét dién va dién tich tiép xiic.
Trong khuon kho bai bao nay chi trinh bay mot
loai cu ndi dang chit I co chiéu day la Smm
nhu Hinh 1.

3.1.3. Khung chiu lwc cho hé thong pin

Khung chiu lyc sé dong vai tro chinh
trong viéc bao vé va nang d& cho hé thong pin
bén trong. Vit liéu dugc st dung cho khung
chiu lyc phai dam bao dugc do nhe, do bén, do
ctig, va chdng duoc oxy hoa, nén thép khong
gi SUS 304 1a mot giai phap vé mat vat liu toi
vu nhat danh cho hé théng.

Khong gian bén trong cua khung chiu
luc phai du khong gian cho toan bg hé pin va
mach quan ly pin. Véach khung sé dugc khoét
16 dé giam bét trong luong nhung van dam bao
d6 bén can thiét [9]. Ngoai ra, trén khung s& co
thém cac thanh gan tang cung chay doc theo hai
bén khung, tang tinh dam bao két cau.

Bdng 2. Cong thire duc 16

Thong so Giéi han
D, D
— 1,08 < —< 1,50 (2)
D{J DO
d d
') 1,25 < D—g <175 (3)
D, 0

Voi, D.: Khoang cach tam, mm; D, Duong kinh lo,
mm, dg: Chiéu cao vach, mm.
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Hinh 2. Hé khung do chinh

O hai phia dau, dudi ctia khung s& c6
thém hé ga chir “U” dung dé két ndi voi hé
gidng giam chin trén AUV, dong thoi dong vai
tro nhu tay cAm dung dé van chuyén hé thong.
Cac loai cuc déng dau ra dién ra cling duoc dat
tai hé ga nay. O phia bén dudi khung ciing duoc
thiét ké thém con truot béng nhya dé trugt vao
ray truot trén AUV. C6 tong cong 08 ray truot
dugc dat chia déu hai bén khung.

3.2. Thiét ké hé thong quan 1y pin

Do bd ngudn c6 sd luong cell ndi tiép
16n (29 cell) nén cau hinh cho BMS dugc chon
la cau hinh chinh-phu nhu hinh 5, trong do6 cac

BMS phu chi thyc hi¢n viéc do cac thong )
dién ap, nhi¢t do va truyén thong.

BMS phy

BMS Chinh

Hinh 3. Mach giam sat dién ap cac cell

BMS chinh nhan cac dir liéu tir cac
BMS phuy, thuc hién viéc tinh toédn va truyén
thong dén cac BMS phu.

Thanh phan do ludng va quan sat théng
sO pin 1a chirc nang co ban va quan trong nhat
ctia hé thong quan 1y khdi ngudn va duge thiét
ké bang vi mach LTC6813-1. Vi mach nay cho
phép dai do dién &p cua cell 0 ~ 5V, phu hop
v6i hau hét cac loai cell pin hién c6 trén thi
truong. Bén canh d6, LTC6813-1 do dién ap co
do chinh xac cao 1én dén £2.2mV.

Giao tiép gitra vi mach LTC6813-1 véi
vi diéu khién 1a giao thuc Serial Peripheral
Interface (SPI).

Ngoai ra, dé ting dong cén bang thu
dong nham giam thoi gian can bang thi mach
can bang bén ngoai dugc dé xuat nhu hinh 4.

cp A C
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Hinh 4. Mach can bang dién dp cell

Mot tinh ning can thiét nita ctia bo
BMS la quan 1y sac xa cho khdi ngudn. Vi mach
BQ76200 dugc st dung cho tinh nang nay nhu
Hinh 5.

BATT—AMW

CHGE
ENABLE N

W
[ |

WW- [-

= 3
22—

PDSG_E

“.uu.
EwwaonB

V5§

W
bq76200
SAFETY = bl b

1.CHG_EN, 2. CP_EN, 3. DSG_EN, 4. PMON_EN. 5.
PCHG_EN,. € CHG, 7. PCHG, 8.D3G, 9. PACK, 10. PACKDV

Hinh 5. Mach diéu khién sac, xd
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Mach quan ly sac va xa dua vao cam
bién dong dién qua tai hay dong dién sac va
dong thoi ciing dya vao dién ap trén céac cell
dugc thu thap tr LTC6813-1.

33

a3

p
-
<
A, SDA  VBUS —eAMAN EATT:
SCL scL VINP MM YINP
— A1 VINM A VINM
— AD GND
ISL28022 = ==
-

Hinh 6. Mach gidm sdt cong sudt

Gia tri dong dién dugc dién tr¢ shunt
bién doi thanh dién &p va vi mach ISL28022FUZ
doc va dua vé vi diéu khién gia tri dién ap nay
nhu so d6 mach & Hinh 6 thong qua giao tiép
12C.

4. THUC NGHIEM

Hé théng pin duoc thiét ké va thuc
nghiém tai DCSELab nhu Hinh 7.

B

-

a. Hinh dang tong thé

b. Mach quan ly pin (BMS)

c. Mach cong suat

Hinh 7. H¢ thong pin thuc nghiém

Céc chirc niang cia hé thong duoc xiy
dung trén thuat toan khong dugc trinh bay & bai
bao nay. Muc dich cuia thiét ké phan ctng 1a thu
thap cac thong sé va giam sat cac thong sb can
thiét cho viéc tinh toan ciing nhu ap dung céc
thuat toan phirc tap vé sau.

Os4n #p trung bimh

asa Lrcsens)| |

5 " " » E
Then gian (3]

Hinh 8. Két qua do dién ap trung binh

Dién 4p trung binh thu duogc tir cac cell
bang hé thong quan ly pin va va két qua thu
duoc tir ddng hod do dién ap thuc té cua tu‘ng
cell cho trén Hinh 8. Sai s cach biét chua dén
5mV (0,13%) da ching minh tinh ding dén va
dd chinh xac trong viéc giam sat dién ap cia hé
thong quan 1y.

W qua ns seng £ao

B e W aw m W
Hinh 9. Két qua do cwong do dong dién ciia quy
trinh xa 5604
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Dong x4 1én dén hon 500A duoc duy tri
trong thoi gian 350s chimg minh thiét ké van
dam bao dong xa cao trong thoi gian dai van
hoat dong on dinh nhu trén Hinh 9.
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Bai bao trinh bay thiét ké bo ngudn c6
kha nang cho dong phéng cao. Vi thiét ké co
kha nang mo rong va phuong an tach board cong
suat ra khoi board diéu khién, 1a d& xuét cho
thiét ké an toan va 6n dinh cho cac bd ngudn co
dong phéng 16n. Van dé hoan thién trén thiét bi
thyuc té dang duoc tiép tuc trién khai tai Phong
Thi nghiém trong diém Diéu khién S6 va Ky
thuat He théng, Truong Pai hoc Bach khoa,
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