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TOM TAT

Bai bao thiét ké bo ngudn cong suét I6n cho dong co mot chidu cua ngu 16i st dung pin lithium-ion dé
XUit phuong 4n tao ra bo ngudn co dién &p cao, dong xa lon bang cach két néi cac té bao pin loai NMC
c6 dién ap danh dinh 14 3.7V va dung luong 30Ah. Céc té bao pin duoc giam sét boi cac bo giém sét pin
(BMS: Battery Management System) dé dam bao sy an toan cua cac té bao pin va nang cao tudi tho cua
bo ngu0n Viéc két ndi cac té bao pin duoc thuc hién b0| két cau co khi cting vitng, dang module c6 kha
ning chdng va dap. Cac thdng sb yéu cau cua khdi ngudn dugc kiém tra bang thuc nghiém dam bao tinh
kha thi cia phuong an duoc dé xuit.

Tir khéa: hé theng giam sat pin, nguon cong sudt cao, pin lithium-ion, pin lithium NMC, pin lithium
phat phét st (LiFePO4)

ABSTRACT

In this paper, an approach is proposed for the design on a high power battery pack for a torpedo DC
motor using Lithium-ion cells. The battery pack is done by using serial NMC cells with nominal voltage
3.7V and capacity 30Ah. A battery management system (BMS) is required to monitor each cell of the
battery pack within the appropriate operating range, which guarantees a safe operation and a longer life
of the battery pack. The cells are linked together by mechanical parts to protect an impact. The proposed
approach verifies its validity by the experimental battery pack parameters.

Keywords: battery management system, high power battery pack, lithium-ion cell, lithium nikel
manganese cobalt oxide cell (NMC), lithium iron phosphate cell

Gioi thi¢u cung cap cho dong co dién dé day qua ngu

Trong nhung nim gan ddy nham hién  16i huéng dén muc tiéu. Trudc day cac hé
dai hoa vii khi cho luc lwgng Hai quan. CAc ngudn cho cac ngu 16i ciia Nga vién tro déu
trung tdm, vién nghién ctu cia Hai quan st dung dc-quy va chi sau mot vai nim da
cho ra doi nhiéu san pham nghién cau khoa  phai thay mai gay lang phi, ton kém. Mait
hoc nhu thiét ké ché tao hé dong luc cho  khac nhuoc diém cua 4c quy la chi cé thé
ngu 16i set-40 hay set-50. Trong d6 phan  sir dung 60% ning lugng dugc tich trit nén
quan trong nhét trong hé dong luc 1a ngudn  dé dat duogc dung lugng mong muén thi
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kich thudc va trong lwong cua dc quy déu
Ion.

Hé thdng ngudn cung cap mot chiéu
cong suét 16n va co hiéu suat cao duoc sir
dung hién nay la s dung céc té bao pin
lithium-ion dwoc tng dung rat nhiéu trong
linh vuc xe dién [1-4]. Pin lithium-ion co
mat d6 cong suat cao trén don vi trong
lwong, c6 hiéu suat nap, xa cao va tudi tho
dai hon so véi ac quy [5]. Tuy nhién loai
pin nay doi hoi rat khat khe vé dién ép.
Néu dién &p sac cho pin vuot qua dién ap
cuc dai cho phép va khi xa vuot qua dién
&p cuc tiéu s& gay ra hu hong pin. Bé kéo
dai tudi tho cua pin can phai c6 hé thdng
quan ly viéc nap va xa cua pin goi la BMS
(Battery Management System) dé giam sat
ting té bao pin nham dam bao rang no ludn
¢ trong vung dién &p hoat dong an toan [6],
[7]. Pé tao ra dién 4p mong mudn cac té
bao pin s& dwoc mac ndi tiép voi nhau. Do
méc ndi tiép nén khi xa hoic sac dién céc
té bao pin c¢6 dién &p van phai nim trong
pham vi an toan. Néu c6 bat ky mot té bao
pin ndo nam ngoai ving an toan thi bo
BMS s& ngit dong xa hoic dong nap.

Trong cac ung dung cong suét cao thi
ngoai viéc méc ndi tiép dé dat duoc dién ap
mong muén thi viéc mac song song cac té
bao pin hoic mac song song nhiéu nhanh
ndi tiép dé tao ra bo ngudn c6 dung luong
I6n. Tuy nhién do dong xa rat 16n nén van
dé nhiét ciing can phai duoc quan tam Xt
1y va trong bai bao nay dé xuit phuong an
tao ra khéi pin c6 dién ap 1a 90V+10V voi
dong phong lién tuc 1én dén 560A trong
thoi gian 8 phut 30 gidy déng thoi van phai
dam bao khdi lwong khéng quéa 105Kg,
nhiét d6 khong qua 70 do. Cac két qua do
duoc thuc nghiém chirng minh su hop ly
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cta phuong an duoc dé xuit.

1. Pat van dé

Trong qua ngu 16i SET-40U can c6 bo
ngudn DC cung cip cho dong co dién DC
v6i cong suit 38Kw dé ddy qua ngu 16i
tién dén muc tiéu véi cac yéu cau chi tiéu
k¥ thuat nhu sau:

- bién ap: 90V£10V;

- Dong phong lién tuc: 560A+10A,

- Thoi gian phong la 8 phat 30 giay;

- Kich thudc cua bo pin: dai 107515
mm; rong: 340£2mm; cao 300+2mm,;

- Trong luong cua bd ngudn: < 105Kg;

- C6 co cau hiéu chinh trong tam theo
phuong ngang va doc;

- Nhiét do lam viéc < 70°C;

- Tudi tho: 5 nam;

- Hé thdéng BMS gidm sat ting té bao
pin.

2. Thiét ké khéi ngudn cong suit cao

2.1. Lwa chon té bao pin

Hién tai c6 hai dong pin lithium pho
bién 1a loai Lithium Iron Phosphate
(LiFePO4) va Lithium Nickel Manganese
Cobalt Oxide (LiINiMnCo0O2) - NMC. Loai
FiFePO4 c6 dién 4p danh dinh cua mot té
bao la 3.2V, trong khi loai NMC cé dién
ap danh dinh 1 3.7V. Ca hai loai nay déu
c6 rat nhiéu dung luong khac nhau tuong
g Vi timg té bao nhung c6 trong luong
la nhu nhau khi cung dung lugng. Gia su
cung la loai dung lugng 30Ah thi trong
trong luong cua ca hai loai té bao pin
LiFePO4 va NMC la nhu nhau. Vi thé viéc
chon lya loai té bao NMC s& cho s6 lugng
té bao it hon hin loai LiFeO4 va vi trong
luong clng la mdt trong nhirng chi tiéu
can xem xét nén loai té bao NMC duoc uvu
tién chon vai cac thong sé nhu Bang 1
dudi day:
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Bang 1. Thong s caa pin lithium loai NMC

Thong s6 Giatri
Dung lugng 30Ah
bién ap hoat dong 2.75V-4.2V

Kich thuéc Day: 6.05+0.15mm, réng 161+0.5mm, cao: 230.5+0.5mm
S6 1an nap xa > 2000 lan

Dong x4 lién tuc 16n nhat 174A

Dong xa 16n nhat dang xung | 232A

Trong hrong 50515¢g

2.2. So dé két noi dign

Dé dat yéu cau dién ap 90V+10V sir
dung té bao pin loai NMC c6 théng sé
nhu Bang 1 thi can phai mac ndi tiép 24
té bao pin thi ving dién ap hoat dong sé la
66V dén 100.8V bao tron ven ving dién
&p yéu cau 1a 80 dén 100V. Theo yéu cau
la dong phong lién tuc 560A trong 8 phut
30 gidy thi bd nguon can c6 dung luong >
80Ah. Tuy nhién theo datasheet cua pin
NMC duoc cung cip tir nha san xuét
A123 thi trong pham vi ti 2.75V dén
3.3V thi dung lugng trit trong té bao la
gan 8Ah vi thé mot nhanh véi 24 té bao
mic ndi tiép s& cho dung luong 22Ah
trong ving dién &p tir 80V dén 100V.
Nhu vay can téi thiéu 1a 4 nhanh vai 24 té
bao ndi tiép mac song song dé dat dung
lwong theo yéu ciu. Nhung dé dat hé sb
an toan thi s6 nhanh duoc chon trong
phuong an dé nghi l1a 5 nhanh véi so dd
nhu Hinh 1 dudi day:

PIAr-
S
-
b=
- -

Hinh 1. So d6 ndi day gitra cac té bao pin
theo phuong an 5 nhanh
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Theo so dd hinh 1 cac té bao néi tiép
va dong xa caa mdi nhanh hay cua ting té
bao la 112A nho hon gia tri cho phép cua
té bao NMC la 174A. Ngoai ra c6 thé chon

so dd khac nhu hinh 2
—A e i
Call 1
—H HH —
Call 2
- I = = = =
Cell 3
= - -
Call 4
——= H~ H— —
Call 5
Khii 1 Khii 2 Khii 3 Ehéi 24
Hinh 2. So d6 ndi day giira cac té bao
theo phuwong an 24 khéi

Trong Hinh 2, 5 té bao duoc ndi song
song thanh mot khdi va néi tiép 24 khéi lai
V6i nhau ciing sé& twong duong so d6 &
Hinh 1. Giai phap nay c6 wu diém chi can
sir dung mot bo BMS véi 24 ngd vao dé
giam st tat ca cac té bao, nhung nhuoc
diém la giita cac khoi s& co dong 560A di
qua va diéu nay s& lam néng cac thanh dan
hodc cac thanh dan phai c6 kich thudc rat
I6n 1am chiém chd khong gian, gia ting
trong luong téng cua khdi ngudn. Do do
giai phap & Hinh 1 véi cac BMS giam sat
dugc dé xuit dé thyuc hién nhu Hinh 3.
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Hinh 3. So d6 ndi day giita cac té bao cua phuong an dé xuat

Trong Hinh 3 gom ¢ 5 nhanh va mdi
nhanh c6 24 té bao. Trong mdi nhanh co
mot bdo BMS ¢ 24 ngd vao duoc ndi dén
24 té bao dé giam sat dién ap trén tung té
bao. Ngb ra B- ciia bo BMS duoc ndi dén
cuc am cua mot nhanh va gitra chan P- véi
B- trén BMS la c&c MOSFET mic song
song. Khi cac MOSFET dan thi chan P- va
B- xem nhu ndi tit (théng mach). Céc
MOSFET duoc diéu khién ngat bai bo
diéu khién trén BMS khi dién ap trén bt
ky té bao nao & ngd vao qué thap hoic qua
cao hoac dong vuot quéd 120A. Luc nay

xem nhu mot nhanh cua bo ngudn duoc
cach ly. Cac chan P- cta cac BMS duoc
ndi v4i nhau va dua dén chan am cua tai
hoic chan am cua ngudn sac. Cuc duong
cia cac nhanh dwgc ndi lai véi nhau va
duoc ndi dén cuc duong cua tai hoic cua
bo sac.

2.3. Thiét ké co khi

Khéi ngudén dugc chia thanh 5 khoi
nho. M&i khi 1a 24 té bao pin duoc mic
ndi tiép véi nhau. Cac té bao pin cua mdi
khéi nho dugc lap 1én khung d& céach ly
nhu Hinh 4a va Hinh 4b.

b
Hinh 4. Mot khbi gom 24 té bao ndi tiép duoc thiét ké trén solidworks
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Twong tu thuc hién cho 5 khi va cac
khdi nay s& dugc dat vao 1 khung bao vé
va duoc ndi voi nhau theo so dd Hinh 3

bang cac thanh dan nhu Hinh 5. Hinh dang
khéi pin hoan chinh dugc thiét ké trén
solidworks dugc thé hign ¢ Hinh 6

Hinh 5. Céc thanh dan tao thanh céac dién cuc duoc thiét ké trén solidworks

Hinh 6. Khdi ngudn hoan chinh véi nap day va khung bao vé duoc thiét ké trén solidworks

3. Két qua thuc hién

Hé thong duoc thuc hién tai xudng co
khi chinh x&c cua Phong thi nghiém trong
diém Diéu khién sé va Ky thuat Hé thng
Pai hoc Quéc gia Thanh phé H6 Chi Minh.

3.1. Gia cdng mach in néi day tir cac
té bao dén bg BMS

Trong quéa trinh thi cong viéc ndi day

tir cac ban cuc cua té bao vé BMS s& 1am
s6 luong day rat nhiéu va do céc ban cuc s&
nong lén do dong Ién nén cac day sé€ bi
hong 16p nhy cach dién. Bé khac phyc diéu
ndy moét board mach dugc thiét ké nhu
Hinh 7 &p séat vao cac ban cuc va thay thé
cac day dan. Sir dung connector dé néi tir
board mach vé BMS.

Hinh 7. Mach in thay thé day ndi tir cac té bao vé BMS
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3.2. Két qud do kiém

- Kich thudc thyc té: 1075x340x300;

- Trong lugng: 96Kg;

- bién ap: max 100V, min 80V,

- Dong dién xa: dao dong tir 540A dén
580A do st dung tai dung dich mudi. Nén
khi nuéc mudi néng 1én lam ting kha ning
dan;

- Thoi gian xa cho dén khi BMS ngit

mach: 12 phut;

- Nhiét do do duoc tai cac ban cuc khi
dong Ién trén 500A & pht thir hai la 55°C va
duoc giir nguyén gia tri dén sau 10 phat xa;

- Vi dong nap 1a 15A thi thoi gian sac
day la khoang 6 tiéng.

Khdi nguon dung kich thude va dugc
dua hoan toan vao bén trong cua qua ngu
16i nhu Hinh 8.

Hinh 8. Khéi ngudn cong suat cao dugc dua vao bén trong qua ngu 16i

4. Két luan

Nghién ctru nay da d& xuat phuong an
tao ra khdi nguon cong suat I6n bang cach
ghép ndi tiép 24 té bao pin va ghép song song
5 nhanh 24 t& bao pin dé dat dién &p la
90V+10V véi dong phong lién tuc 1én dén

Loi cam on

560A trong thoi gian 12 phut. Két qua nay
hoan toan thoa man yéu cau dit ra la thoi gian
xa chi 1a 8 phut 30 gidy. Trong lugng cua khéi
ngudn sau khi thyc hién it hon yéu cau 9Kg.
Piéu nay ching to giai phap dugc dé xuat 1a
phil hop vai yéu cau thiét ké duoc dit ra.

Nghién cizu nay dwoc thuc hién tai Phong thi nghiém trong diém Biéu khién sé va Ky
thudt Hé théng va duroc tai tro boi Pai hoc Quac gia TP. Ho Chi Minh trong khuén kho Hé

tai ma sé TX2020-20b-01.
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