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NGHIEN CUU THIET KE CHE TAO THIET Bl GIAM SAT

NANG LUONG AC QuY

A RESEARCH ON DESIGN AND FABIRCATION OF A MONITORING EQUIPMENT OF BATTERY

TOM TAT

Hé thong dc quy (luu trif dién nang) dugc s dung rgng khap trong nhiéu
(ing dung khac nhau nhu hé théng cung cap dién du phong cho cac thiét b
dién quan trong, hé thong bao vé tai cdc tram dién, nha mdy dién, ... Ngoai
ra, véi xu hudng phat trién cdc nguén dién gid, dién mat trdi va xe dién thi hé
théng dc quy cang tré nén phdi bién trong cdc ng dung nhu tich hop cac
nguon nang lugng tai tao, tram sac xe dién,... Hé thong quan ly gidm sat
nang lugng cho dc quy (BMS) ddng vai tro quan trong trong viéc dam bao an
toan va tin ¢y trong qua trinh vén hanh dc quy. Bai béo nay trinh bay két qua
nghién c(iu thiét ké ché tao thiét bi gidm sat, quan Iy nang lugng cho ac quy.
Day la cdng nghé rt quan trong trong viéc dam bdo van hanh an toan va tdi
uu cho cac hé thdng dc quy. Céc chic nang chinh cla thiét bi giam sat dugc dat
ra va thiét ké ché tao cac mach dién t& thuc hién thuat toan giam sat, quan ly
cac thong so chinh clia dc quy dugc thuc hién. Két qud thuc nghiém thiét b cho
mot hé thdng don gidn dugc thuc hién trong phong thi nghiém dé ki€m chiing
su hoat dong cla thiét bi.

Tirkhéa: Ac quy; gidm sdt thong s6; qudn Iy dc quy.

ABSTRACT

Battery system (energy storage) is widely used in many different
applications such as a backup power supply system for critical electrical
equipments, protection systems at power stations, power plants,... In addition,
with the development trend of wind power, solar power and electric vehicles,
the battery energy storage system becomes more and more popular in
applications such as integrating renewable energy sources, electric vehicle
charging stations,... Battery Energy Management System (BMS) plays an
important role in ensuring safety and reliability during battery operation. This
paper presents the results of research, design and fabrication of a monitoring
and management equipment for batteries. This is a very important technology in
ensuring safe and optimal operation of battery systems. The main functions of
the monitoring device are layouted and afterthat its design and manufacture of
electronic circuits to implement the monitoring and management algorithm of
the battery are performed. Equipment test results for a simple test case in a
laboratory to verify the operation of the equipment is shown.

Keywords: Battery; monitoring and management system, BMS.
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Nguyén Diic Hién, Nguyén Hiiu Buc”

1.GIGI THIEU

Su phat trién manh mé clia nganh céng nghiép xe dién
gan day va su phat trién cac nguén dién gio, dién mat trdi
dat ra van dé giam sat, quan ly cac théng s6 chinh déi vai
cac hé théng ac quy [1-5]. Trong cac cong nghé luu trir
nang lugng thi cong nghé ac quy lithiumion (Li-ion) hién
nay dang phd bién vi cac uu diém vuot trdi nhu mat do
céng suat va nang luogng cao [2-10]. Hé théng ac quy
lithium thudng bao géom hang nghin cac té bao (cell) dugc
mac ndi ti€p va song song nham cung cap dién ap, dong
dién phu hgp véi ting ng dung cu thé. Hé théng &c quy
nhu vay yéu cau su gidm sat, quan ly va diéu khién van
hanh mét cach phu hgp. Cac hién tugng xady ra trong qua
trinh van hanh nhu qua dong, qua dp hodc sac/xa vugt
dinh muc déu gay nén mat an toan déi véi hé théng cling
nhu lam gidm tudi tho clia hé théng. Trong mot sé trudng
hgp, n6 co6 thé dan dén hién tugng chay né gay nguy hiém
cho thiét bi va con ngugsi. Do vay, hé théng giam sat, quan
ly nang lugng (BMS) cho ac quy la rat quan trong trong viéc
dam bao an toan, nang cao tin cay cung cap dién ciing nhu
nang cao tudi tho ctia &c quy [1-8].

Cac chuic nang chinh cta hé thng BMS gém giam sat
cac théng so6 dién, nhiét dé cla tiing té bao (cell), quan ly
qué trinh nap/x3, diéu khién va van hanh téi tuu. Mot s6
thong s6 chinh nhu trang thai nap xa (state of charge -
SOQ), tinh trang suic khoe cla dc quy (state of health - SOH),
nhiét do trong té bao la thuong khong do truc tiép dugc.
Mac du céac théng sé nay dong vai trd quan trong trong
viéc quan ly, van hanh hé théng ac quy. Do d6, cac thong
sO nay can cac phuong phap do ludng gian tiép. Phuong
phap sac/xa déng vai tro quan trong trong viéc ddm bdo an
toan van hanh ciing nhu tudi tho cho hé théng dc quy. Néu
sac nhanh thi thai gian ac quy day dung lugng sé ngan va
qua dé tang tinh sdn sang cung cap nang lugng clia ac quy.
Tuy nhién sac qua nhanh c6 thé dan dén cac anh huéng
tiéu cuc nhu tang tén that va tang gia hoa ac quy, tham chi
c6 thé dan dén quéa nhiét (overheating) hodc qua lanh
(supercooling). Khi nhiét dé tang cao quéa hoac thap qua
déu dan dén gidm tudi tho cling nhu gy nguy hiém cho hé
théng ac quy [1-5].

Hién nay tai Viét Nam dang dién ra rat manh qua trinh
trién khai cac nguén dién gié va dién mat trdi. Dén thoi

Website: https://tapchikhcn.haui.edu.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

diém nay gan 20GWp cac nguén dién mat trdi dugc néi
lugi. Khodng 1GW dién gié da van hanh thuong mai. Cac
van dé dat ra doi véi hé théng dién khi tich hgp cac nguén
nay la can thiét trién khai cac nguédn luu trir ndng lugng
phan tan nham giai quyét cac khoé khan ky thuat, kinh té do
cac nguon dién gio, dién mat trdi gay ra. Ngoai ra, viéc phat
trién cac phuang tién bang dién cling dang trong giai doan
trién khai Ién nhu xe 6 t6 dién, xe may/xe dap dién.

Trudc can van dé trén, viéc chi dong cong nghé, cu thé
la cong nghé giam sat quan ly nang lugng clia hé théng ac
quy tai Viét Nam la cap thiét va phu hop véi dinh huéng
phat trién nganh céng nghiép nang lugng tai tao tai Viét
Nam. Nhém nghién clru da trién khai thiét ké, ché tao thu
nghiém thiét bi giam sat, quan ly nang lugng cho déi tugng
la dc quy dang lithium lion.

Bai bao nay duoc cau trdc nhu sau: Phan 2 sé la phan
chinh cta bai bao, trinh bay vé thiét k&, ché tao thiét bi
giam sat, quan ly nang lugng cho ac quy. Phan 3 trinh bay
thuat toan hoat dong cua thiét bi. Phan 4 la két qua tha
nghiém trong phong thi nghiém. Mot s6 két luan va hudng
nghién clru sap téi dugc trinh bay tai phan 5.

2. THIET KE CHE TAO THU NGHIEM THIET Bl GIAM SAT
QUAN LY NANG LUGNG CHO AC QUY

Hé thong nghién cliu gdém phu tai, 1a cac thiét bj tiéu
thu dién, pin lithium-ion va b sac. Tat ca cac thanh phan
trén dugc két néi véi thiét bi quan ly pin dé tao thanh mét
hé thong quan ly pin hoan chinh. Hé théng dugc moé ta nhu
hinh 1.

HE THONG QUAN LY PIN

THIET BI QUAN LY

of Yo

Hinh 1. So d6 khéi hé thong nghién ciu
Trong nghién ctu nay, thiét bi gidm sat quan ly nang
lugng cho ac quy sé c6 cac chiic nang chinh nhu sau:

o Gidm sat pin lithium-ion, véi dién ap 12V don cell/ da cell.

e Giam sat cac thong s6 co ban nhu: dién ap, dong dién,
nhiét dong, SOC.

e Bdo vé qua dong, ap, nhiét do.

e Canh bao qua coi chip.

Thong s6 ky thuat cla ac quy:

¢ Dung lugng pin: 1000mAh

e Dién dp sac: 12,6V

e BOsac: 12,6V -30W

Website: https://tapchikhcn.haui.edu.vn

o Hién thi LCD

e Tuong tac vai hé théng qua nat nhan

Hinh 2 mo ta so dé nguyén ly mach thiét bi giam sat
quan ly nang lugng. Thiét bi bao gom 5 khai chinh: (1) Khéi
POWER: Khéi nay cé nhiém vu cung cap dién nang cho
thiét bi; (2) Khéi LCD: Khéi nay c6 nhiém vu hién thi thong
tin gidm sat; (3) Khoi LTC 2944: Khéi nay c6 nhiém vu do
ludng va giam sét; (4) Khoi SWITCH: Khéi nay c6 nhiém vu
diéu khién tai va qua trinh nap s3; (5) Kh&i MCU: Khéi nay sé
xU ly dii liéu va diéu khién chung.
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Hinh 2. So d6 két ndi thiét bi
2.1.Kh&i nguén (Power)

Khéi nguén la khéi cung cdp ngudn dién nang cho toan
b6 thiét bi hoat ddng &n dinh. Hinh 3 mé ta so d6 thiét ké
cta khéi nguén.
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Hinh 3. So d6 nguyén Iy khéi POWER
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Dién &p dau vao cho khoi POWER la 12,6V, day cing la
dién 4p cla b sac pin. Phan ngudn dugc bdo vé bai 1 cau
chi 1A, ddm bdo an toan cho mach dién trong trudng hgp
qua tai. DG vai thiét bi dién td, xi ly nhiéu la uu tién hang
dau. Vay nén, phan nguén dau vao dugc di qua cac tu dién
c6 gia tri khac nhau va 16i tir héa nham triét cac xung nhiéu.

Khoi POWER c6 2 nguéng dién ap dau ra la:

e Dién ap 5V: St dung IC MP1584 cho dong t6i da 3A,
dd 6n dinh cao. MP1584 13 IC nguén xung vdi dai dau vao
rong tu 4,5 - 28V va dau ra c6 thé diéu chinh duoc tur 0,8 -
25V théng qua trd phan ap

e Dién ap 3,3V: St dung IC LM 1086 la nguén tuyén tinh,
vGi thiét ké don gian, han ché linh kién. LM 1086 véi dién ap
dau vao la 5V cho ra dién 4p 3,3V véi dong t6i da 1,5A, do
8n dinh cuc ki cao.

2.2. Khéi man hinh hién thi (LCD)

Kh&i man hinh hién thj duoc thiét k& nhu trén hinh 4.
Cac thong s6 ky thuat va chiic nang chinh cta khéi nhu sau:

o SUrdung LCD 16x2 anot chung, nhd gon.

¢ LCD 16x2 cho phép hién thi 2 hang véi 16 ki tu trén 1
hang.

e Bién trG chan Vs nham diéu chinh d6 truong phan cho
LCD, gip cai thién phan hién thi ctia LCD.

e Dién tré R,; va R5 la dién trd han dong, bao vé den
bén trong LCD, gitip tang tudi tho cta LCD.

e SU dung ché d6 4 bit cho LCD: DU liéu dugc truyén
trén 4 duong tur DB4 t6i DB7.

e Enable (E): Cho phép ghivao LCD.

o Read/Write (R/W): Ghi trang thai doc/ghi dit liéu.

o Register Select (RS): Lua chon ghi lénh/ di liéu.

VR SINGLE

Hinh 4. So d6 nguyén Iy khéi LCD
2.3.Khéi LTC 2944

Hinh 5 mé ta mach thiét ké kh6i LTC 2944. Cac linh kién
dién trG R,,, Rys, Ry VGi gid tri 2K Ohm nham thiét 13p trang
thai ban dau cho IC. Linh kién quan trong khéng kém IC
LTC 2944 trong khéi nay la cdm bién dién tré R28. Gia tri
dién tré duoc tinh toén can than, dé phu hop vdi tiing tng
dung. Pé dat dugc d6 chinh xac dugc chi dinh ctia bo dém
coulomb, dién 4dp chénh léch gilra SENSE+ va SENSE- phai
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nam trong khoang £50mV. Véi tin hiéu dau vao lén dén
300mV, LTC2944 sé van hoat ddng nhung d6 chinh xac cla
b6 dém coulomb khong duge dam bao.

Gid tri yéu cau cda dién trd cdm nhan bén ngoai, Rygyse,
dugc xac dinh bgi pham vi dau vao t6i da clia Vg va dong
dién t6i da clia ing dung:

50mV

Rsense < (1)
MAX

Viéc lya chon gid tri dién tr¢ cdm nhan bén ngoai anh
hudng dén doé Igi ctla bd dém coulomb. Mot dién tré cadm
bién 16n hon tao ra mot dién ap chénh léch 16n hon gilia
SENSE + va SENSE- cho cung moét dong dién dan dén viéc
dém coulomb chinh xac hon. Lugng dién tich dugc biéu thi
bang bit quan trong nhat (qLSB) cua dién tich tich lay
(thanh ghi C, D) bang:

Khi bo dém trudc dugc dat thanh gid tri mac dinh cda
no la M = 4096.

50mQ M

disg = 0,340mAh (2)

dsg = 0,340mAR 22mME2

3)

SENSE

Luu y rang TmAh = 3,6C (coulomb).

Chon Rggnee = 50mV/lyax 12 khéng dU trong cac ting dung
¢6 dung lugng pin (QBAT) rat I6n so véi dong dién téi da
(Imax):

Qgar 2 lyax22hours (4)

Déi vai cac ing dung dong dién thdp nhu vay vai pin
16N, viec chon Regyse theo Regnee = 50MV/ Iy €6 thé dan dén
g.ss Nhd hon Qg,1/216 va thanh ghi phi tich 1y 16 bit ¢4 thé
bi chdy trudc khi pin can kiét hodc tran trong khi sac. Trong
truong hgp nay, chon Rqgys; t6i da la:

2'°.0,340mAh s

Rsense < 0mQ (5)
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Hinh 5. So dd nguyén Iy khdi LT(2944
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2.4. Khoi Switch

Hinh 6 m6 ta mach thiét ké khéi Switch. Khéi Switch co
cac thong s6 chinh nhu sau:

o S dung relay GS6 - 5V 2A, véi kich thuéc nho don.

¢ SU dung diode M7 nham béo vé MCU, tranh xung
nguogc tU cudn day trong relay.

e S dung Transistor C1815 dé& diéu khién relay.

o LED bdo trang thai cta relay:

+ Tat: Relay & trang thai thudng dong.

+ Sang: Relay & trang thai thuong mé.

|
W}

LOAD (HARGER
|
s
ﬁ —_ Fwi i 1%

Hinh 6. So d6 nguyén Iy khdi SWITCH
2.5.Khéi MCU
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Hinh 7. So d6 nguyén Iy khdi MCU

Website: https://tapchikhcn.haui.edu.vn

Khéi MCU c6 chiic nang la khéi diéu khién trung tam.
Hinh 7 m6 ta mach thiét ké khéi MCU. Céc yéu cau va chic
nang chinh cda khéi MCU dugc tom tat nhu sau:

¢ PIC st dung dao dong ngoai la thach anh 25MHz
nham nang cao téc dé xt ly dit liéu.

e Chan MCLR cung cap hai chic nang cu thé cda thiét
bi: Reset thiét bi, lap trinh va g& 16i thiét bi. Néu khong can
lap trinh va g& 16i trong Ung dung cudi, két noi truc tiép
dén VDD c6 thé la tat ca nhing gi dugc yéu cau. Viéc b
sung cac thanh phan khac, dé gitup ting kh3d ning
chéng chiu cta ung dung déi vai cac dat lai do sut ap, cé
thé 6 lai.

e Khi bd diéu chinh duoc bat, can c6 tu dién ESR thap
(<5Q) trén chan VCAP / VDDCORE dé 6n dinh dién ap dau ra
cla bd diéu chinh dién ap. Chan VCAP / VDDCORE khéng
dugc két néi vai VDD va phai st dung tu dién 10uF néi dat.
Loai c6 thé 1a gém hodc tantali. Mot vi du phu hop la Murata
GRM21BF50J106ZEQ1 (10uF, 6,3V) hodc tuong duong.

e NUt nhan SW1 va SW2 dugc treo muc cao, an toan cho
PIC khi s dung lau dai. Nut nhan nham tao su tuang tac
truc ti€p vdai thiét bi.

e Coi chip 5V nhdam phat théng bao cho nhing tinh
hudng khan cap.

2.6. Mach in va mé hinh 3D

Sau khi thiét ké cac khéi chiic nang, phan thiét ké mach
in sé dugc thuc hién. Trong qua trinh thiét k& mach in, cac
tiéu chudn vé thiét ké dugc ap dung nhdm tang tinh 6n
dinh cda thiét bi, @dm bao an toan cho mach dién trong
qua trinh van hanh. Mach in dugc mé ta trong hinh 8 va 9.

Dudi day la théng s6 chi tiét vé bang mach da dugc
thiét ké:

e Kich thugc duong tin hiéu: 12mil.

e Kich thudc dudng nguén: 30mil.

e Kich thudc 16 via: 16 13mil, vién 25mil.

e Khodng cach téi thiéu giira cac déi tugng: 10mil.

¢ L&p pha Soild dugc pha lam [6p GND

-'0000000000000000. @
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® 2.7.Thiét ké vé hép

Hinh 10. V6 hp thiét bi

Sau khi da trién khai thiét k& mach in xong, v hop sé
dugc thiét ké dam bao phu hgp vaéi mach in va cac chuc
nang yéu cau cda thiét bi nhu trén hinh 10. Thong s6 ky
thuat chinh cla vo hgp dugc tém lugc nhu sau:

e Kich thudc 86x86x26mm.
e Vo hop chat lugng t6t, cling chac, bén bi.

e Vo hop dugc thiét ké vai cac 16 cho trudc, phu hgp cho
cac nut nhan va dén led bao tinh trang nguon.

3. THUAT TOAN

- - Swit =
LTC 2044 DATA f Switch Pressed ;

calculator

Value voltage, On/ Off
current, Relay
lemperatura,
Temp >50°C | <10°C
A - - Off Rels
Vol <9.6V | >13.6V %
~ a = On Homn
Cur>1A| <-1A

Hinh 9. 2) 3D mit trén: b) 3D mit dudi Hinh 1. Luu 6 thuat todn
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Muc tiéu cla thuat toan la gidm sat dugc tinh trang van
hanh cta ac quy va gbm céac théng sé quan trong nhu dién
ap, nhiét dé va dung lugc dc quy. Thuat toan giam sat ap
dung cho thiét bi dugc mé td nhu hinh 11. Cac budc sé
gém céac ndi dung sau:

e Thiét bi lay di liéu pin tir IC LTC2944 théng qua doc
gia tri thanh ghi. S0 dung ham 12C dé doc/ ghi gia tri.

e CAc gia tri doc vé tu thanh ghi sé dugc tinh toan dé ra
két qua cudi cung la cac gia tri dong dién, dién ap, nhiét
de,...

e Ngudng gia tri an toan dugc lap trinh, nham bao vé
pin va tai:

v’ Diénap:9,6V<V<126V

v' Dong dién: -TA<I< 1A

v Nhiét d6: 0°C < T< 50°C
4. KET QUA THU NGHIEM

Hinh 12 mé ta hinh anh thuc té hé théng thi nghiém
cho thiét bi giam sat, quan ly nang lugng clia ac quy. Hé
théng thi nghiém bao gém: (1) Ac quy lithiun-ion 12V
900mAH; (2) Phu tai la quat tdn nhiét 12V - 2,16W va (3)
Thiét bi gidm sat nang lugng cho ac quy.

Sau thai gian thi nghiém, thiét bi giam sat nang lugng
da dam bao dugc cac chiic nang nhu yéu cau dat ra gom:

e Giam sat thong sé dién ap: 12,19V

e Giam sat thong s6 nhiét do ac quy: 28°C

e Giam sat dung lugng thuc té ctia ac quy: 88%

e Giam sat dugc trang thai clia 4c quy: DPang sac

Hinh 12. Hé thdng th{ nghiém thuc té trong phong thi nghiém

Hinh 13 minh hoa giao dién cla thiét bi giam sat nang
lugng cho dc quy. Cac théng s6 hién thi la dién ap; nhiét do;
trang thai va dung lugng thuc té clia ac quy.
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Hinh 13. Két qua thuc nghiém ctia thiét bi
5. KET LUAN

Bai bao da tién hanh nghién clu thiét ké ché tao thu
nghiém thiét bj giam sat, quan ly nang lugng cho &c quy.
Dé6i tugng ac quy thd nghiém la 1 bd ac quy lithium.
Cac thong s6 chinh cla dc quy dugc gidm sat thai gian thuc
gém dién &p, trang thai, nhiét d6 va dung lugng cta bd
ac quy.

Hudng nghién cdu tiép theo clia nhém la tiép tuc phat
trién thém cac chdic nang sau cho thiét bi:

e Tich hgp chiic nang truyén théng nhu: RS485, CAN
bus, RS232;

e Thém théng s6 giam sat nhu: SOH, DOC;

e Tang kha nang gidm sat cda thiét bj;

e Tang kha nang tuong tac vai thiét bi;

e C6 thé gui di liéu 1én web server hodc ung dung
Local;

e Tich hop thuat toan dé c6 thé théng minh han trong
qua trinh van hanh.

Ngoai ra, nhém nghién cliu sé phat trién thém hudng
thiét k&, ché tao mét hé théng giam sat, quan ly nang
lugng cho nhiéu dan dc quy va phan tan. Huéng nay sé phu
hop véi xu hudng ty dong gidm sat, va bao tri bao duéng
theo diéu kién thuc té clia thiét bi (CBM).
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