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TOM TAT

Nghién ctru nay thuc hién trén xe may lai xang dién dugc cai tao tur xe nén
Honda Lead 110cc v6i banh sau duoc dan dong bang dong co dét trong thong qua hé
thong truyén lyc nguyén ban cua xe, banh trude duge din dong truc tiép bang dong
co dién mot chiéu khong chdi than 48V — 1000W. Noi dung chinh cta nghién ctru 1a
tinh toan tbi uu, thiét ké, ché tao, thir nghiém bd nguén dién stir dung pin Lithium-ion
thay thé cho bo ngudn ac quy axit — chi dang duoc lap dat. Két qua mo phong, thir
nghiém duoc dung lam co sé danh gia tinh nang dong luc hoc cua xe dong thoi tinh
todn chi phi cai tao va van hanh xe.

Nghién ctru da hoan thanh tinh toan thiét ké, ché tao mot bo nguff)n pin Li-ion
48V — 33Ah v6i mach BMS day du céc tinh nang bao vé dé lap 1én xe. B pin c6 khdi
luong 10,84 kg va thé tich 8,11 lit, giam dugc 30kg va 12,89 lit so véi dc quy axit —
chi. Tubi tho ctia bd pin 16n hon 2000 chu ky.

O ché d6 chi hoat dong voi minh dong co dién, xe c6 thé di chuyén duoc quing
duong dai nhat 1a 78,77km (ntra tai) va 65,83km (day tai). Van tdc 16n nhat 1a
52,67km/h (nira tai) va 48,42 km/h (day tai). O ché do hybrid dén khi SOC = 50%,
xe di duoc quing dudng 64,366 km (ntra tai) va 54,477 km (day tai). Tiéu hao nhién
liéu twong tng trong hai truong hop 1a 2,162 va 2,425 1it/100km, gidm hon 0,5 lit so
v6i xe nén va 0,3 lit so voi xe ding bd ngudn ac quy.

Chi phi cho xe dau tu cho xe hybrid 1a 56 triéu dong con chi phi khai thac 1a
1106 d/km, trong khi xe nén 1a 40 triéu dong va 1352d/km. Ctt mdi km khai thac xe
hybrid tiét kiém duoc 246,88d, sau khoang 3,1 nam s€ hoa von chi phi dau tu. Néu
khai thac hét vong doi xe khoang 200.000km, xe hybrid s& tiét kiém duoc khoang 43

tri¢u dong.



ABSTRACT

This study presents a research related to a Plug-in Hybrid Electric Motorcycle
which renovated from a Honda Lead 110cc with rear wheel is driven by original
intenal combusion engine and continously variable transmission, while front wheel
is directly-driven by a 48V — 1000W BLDC Hub-Motor. The research focuses on
optimal calculating, designing, manufacturing and testing an electric power supply
using Lithium-ion battery pack to replace the Lead — Acid battery being installed.
Simulation and testing results are used as a basis to evaluate the dynamical
characteristics and calculate the cost of renovation and operation.

The study has completed the design calculation and manufacturing a 48V —
33Ah Li-ion battery pack with a full-feature protection BMS circuit for mounting on
the vehicle. The battery pack is 10.84kg weight and 8.11 liters volume, which reduce
30 kg and 12.89 liters compared to the lead-acid battery. Battery life is greater than
2000 cycles.

In only electric motor mode, the longest distance of the HEM is 78.77km (half
load —only driver) and 65.83km (full load — one driver and one passenger). Maximum
speed is 52.67 km/h (half load) and 48.42 km/h (full load). In hybrid mode until SOC
reduce to 50%, HEM can travel 64.366 km (half load) and 54.477 km (full load). The
fuel consumption in the each case is 2.162 and 2.425 liters/100km, 0.5 liter lower
than the original one and 0.3 liter lower than Lead — Acid battery one.

The cost of investment in HEM is VND56 millions and the operating fee is
VND1106/km, while the original vehicles are VND40 million and VND1352/km. For
every 1 kilometer using hybrid vehicles, VND246.88 will be saved, after about 3.1
years, it will recoup the spending on investment. At the end of the motorcycle life
cycle is about 200,000 km, the HEM will save about VND43 millions.
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Chuong 1
TONG QUAN

1.1. Tinh cép thiét caa aé tai

Trén thé giéi, & bat ky qudc gia nao thi hé théng giao thong déu 12 huyét mach
cuia nén kinh té boi kha nang dap ung cho viéc van chuyén hang héa va phuc vy nhu
cau di lai cua nguoi dan. Hién nay, phan I6n cac phuong tién giao théng déu sir dung
dong co ddt trong véi nhiéu wu diém 1a: cdng suat riéng 16n; c6 thé ché tao nhiéu kich
& dong co khac nhau, tir ¢& nho ¢ cong suat mot vai ma luc (dong co xe mdy, cic
may céng cu cam tay...) cho dén cac dong co c& 16n c6 cdng suat vai ngan hay vai
chuc ngan ma luc (dong co tau hoa, tau thuy...); sir dung nhién liéu héa thach co tri
nhiét riéng 16n nén co thé giam khéi luong va thé tich binh chira nhién liéu ma phuong
tién van c6 duy trir hanh trinh dai, dé dang bo sung nhién liéu véi thoi gian rat ngan.

Tuy nhién, ngodi wu diém ma cac phuong tién giao théng néi chung va xe may
noi riéng mang lai cho doi song thi nhuoc diém dang cha y ciia cac phuong tién nay
la: nguon nhién liéu hoa thach ngay cang can kiét, hiéu suat nhiét cua dong co dot
trong thap va khi thai cia chiing gay anh hudng rat lén dén méi truong.

Tu nhitng nam 80 cua thé ky trudc, san luong dau khi duoc tim thay ngay cang
giam trong khi nhu cau tiéu thy cua thi trudng thé giéi ngay cang tang Ién, tir d6 giy
ra cac cudc khung hoang vé gia dau mo va dé ciing chinh 1a nguyén nhan dan dén cac

cudc khang hoang kinh té [1].
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Hinh 1.1: San luong dau, khi tim thdy va luong tiéu thu hang nim [1]



Theo ThS. Pham Mai Chi [2], trit luong dau thd thé gi¢i nam 2015 wéc tinh con
khoang 1.686 ty thung. Ciing trong ndm nay, toc d6 Khai thac udc dat khoang 87 triéu
thing/ngay. Néu giir nguyén toc do khai thac d6 ma khong tim ra cac mo dau méi thi
chi chua day 60 nam nita, nguon dau thd trén thé gidi s& can kiét.

Bén canh viéc can kiét dan ngudn nhién liéu, khi thai caa dong co dbt trong
cling 13 ngudn phat thai tryc tiép gay 6 nhiém moi trudng, 12 nguyén nhan gay giam
chat lugng luong khong khi va anh huong truc tiép dén suc khoe con nguoi [3], gay
nén cac bénh nguy hiém nhu ung thu hoic dot biét gen [4]. Silva [5] cling c4c cong
su da nghién ciru va dua ra két luan 12 qua trinh chay cia dong co dbt trong sir dung
nhién liéu hda thach thai ra gan mot phan ba khi thai nha kinh trén thé gigi lam gay
nén hién tuong bién doi khi hau todn cau va néng 1én cua trai dat.

Két qua nghién ciru 6 thang dau nam 2017 [6] cho thay, khi thai cta phuong
tién giao thong duong b tao ra 55% khi NOy, 56% khi CO, 6% khi SO..
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Miscellaneous 12% — i y Residential
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& Engines 22%

Utilities
22%

All Other
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1%

Motor
Vehicles
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On-road Vehicles 569

a. Sources of CO emissions b. Sources of NOx emissions
Hinh 1.2: Biéu do so sanh ngudn phat thai CO (a) va NOx (b) [7]

Mic di vé6i lugng khi thai doc hai nhu vay nhung vi nhu cau thiét yéu caa nén
kinh té, s6 lwong phuong tién giao théng khdng ngimg tang 1én qua cic nam. Viéc
tang lugng phuong tién giao thong nay da lam tang lugng khi xa hang nam: CO tang
18%/nam, SOX 1a 24%/niam, NOx ting dén 90%/nim [8]. Sy phét thai cua cac phuong

tién xe co gidi khdng chi phu thugc vao sé lwong ma con phy thudc vao chat lugng



va céc loai xe. Di Vi cac phuong tién nhu xe 6 t6, xe may qua nhiéu nim sir dung
da xudng cap, hiéu qua sir dung niang luong thap, nong d6 chat gay 6 nhiém va bui
trong khi xa ngay cang tang.

Xét trén cling mot chiéu dai quang duong di chuyén, xe may cé lwong tiéu hao
nhién liéu va phat thai thip hon so vé6i xe 6 t6. Nhung xét vé mat hiéu qua ning luong,
suit tiéu hao nhién liéu caa xe may lai cao hon 6 t6, nguyén nhan cha yéu la do két
ciu dong co dung tich nho kém ti wu hon. Dong thai xe may chu yéu duogc st dung
trong diéu kién duong thanh phé véi cac quang duong di chuyén ngan & dai tée do
va tai thap, ting giam toc do lién tuc. Do d6 dong co xang hau nhu khong thé duy tri
hoat dong ¢ viing hiéu suat cao. Cung véi viéc khong co trang bi bo xur Iy khi thai
nhu trén xe 6 t6 nén khi thai cua xe may chira nhiéu thanh phan doc hai khong duoc
xt 1y trudc khi phét thai truc tiép ra moi truong. Tuy vay, & chau A néi chung va Viét
Nam n6i riéng, dic biét 1a & cac thanh phd 16n thi phuong tién giao théng chu yéu
ctia nguoi dan van 1a xe may [9] vi xe may c¢6 tinh co dong cao, di chuyén nhanh, dé
dang dd xe....

Trong béi canh co so ha tang giao thong tai Thanh phé H6 Chi Minh (TPHCM)
va nudc ta con thap, gia 6 td khéa cao so véi khu vuc va trén thé giéi, khéng phi hop
Vvé6i thu nhap, trong khi phuong tién giao thdng cong cong chua phat trién dap tng
duoc nhu cau di lai cia nguoi dan thi xe may da va dang 14 mot phuong tién giao

thong ca nhan phé bién boi chi phi dau tu thap, tién dung va phi hop véi mic song.

Nam 2011 Nam 2012 Nam 2013 Nam 2014 Nam 2015

Hinh 1.3: Tang trudng phuong tién giai doan 2011 — 2015 ¢ TPHCM [10]



Theo sb liéu thdng ké cua S& Giao théng van tai TPHCM, cudi nim 2015 toan
thanh phé c6 6,86 tridu xe may va 0,56 triéu 6 td nhung dén quy 1l ndm 2017 di ting
lén khoang 7,6 triéu xe may va 0,7 triéu 6 td, dén cubi nam 2018 c6 khoang 8,5 triéu
xe may [11]. B6 1a chua ké dén khoang hon 1 triéu xe may cia nhan dan cac dia
phuong khac chuyén dén TPHCM lam an sinh sng.

Khi so sanh ti 1¢ phwong tién giao thong c& nhan tai TPHCM ta thay s6 luong
xe may nhiéu gap hon 12 lan xe 6 t6 nhung chinh sach cia TPHCM Ia tiép tuc chua
cdm xe may dén nim 2030 [12], trong khi d6 tai Viét Nam chua c6 ché tai nao qui
dinh viéc kiém dinh dinh ky ddi véi chat lugng khi thai ciia dong co d6t trong Iap trén
c4c loai xe may. Do vay, tinh kinh té nhién liéu va giam thiéu phat thai 1a bai toan
cap thiét dat ra ddi véi phuong tién giao thong, dic biét 1a ddi véi xe may.

Chinh diéu nay d3 tao dong luc cho cac nghién ciru xoay quanh viéc phat trién
cac dong xe may sur dung nguodn ning lwong méi “sach” hon va tiét kiém hon, trong
d6 xe dién (EV) l1a mot budc tién 16n khi giai quyét dugc van dé 6 nhim méi truong
va van dé nhién liéu hoa thach dang ngay mét can dan.

Mic di bang sang ché xe may dién dau tién da duoc cap cho H. W. Libbey tir
nam 1895, va trong suét thé ky 20, mot s6 mau xe may dién di dugc nghién ciu boi
nhiéu cong ty khac nhau va c6 mot s6 budc phat trién dang ké nhu: chiéc Quick Silver
ctiia Mike Corbin da dat dugc téc d6 266 km/h vao nam 1974 hay chiéc KillaCycle
c6 thé chay duoc quing duong 400 m chi mat 9,45 gidy vao nam 2000 [13]. Tuy
nhién vi nhiéu 1y do nhu gia thanh cao, cong nghé ché tao phiic tap, tong du trir hanh
trinh nho, thoi gian nap qué lau... nén cdc mau xe trén chua thé thuong mai hda.

Mii dén nam 1996, hing xe Peugeot ctia Phap di cho ra doi va bat dau thuong
mai hoa san pham xe may dién dau tién trén thé gisi 1a Peugeot Scoot’Elec dua trén
nguyén ban xe gan may dung dong co dot trong Zenith. Scoot’Elec ¢ khéi luong
115 kg, duoc lap dong co dién mot chiéu (DC) c6 cong suat 3,8 Hp (2,8 kW), st dung
pin Niken — Cadimi (Ni-Cd) 18V — 100Ah cho hanh trinh t6i da 40 km (& toc d6 45
km/h), hanh trinh nay cd thé dai hon néu chay & ché d6 kinh té (30 km/h) [14]. Tuy



gia thanh con cao (khoang 2500 $) nhung trong vong 10 nam (1996 - 2006), sé lugng

mau xe ban ra dat khoang 3.500 chiéc.

Hinh 1.4: Xe may dién Peugeot Scoot’Elec [14]

&L

Theo sau Peugeot, trong nhitng nam dau thé ky 21, cdc mau xe may dién lién

tuc duoc tung ra thi trudng vai nhiéu tinh nang dugc cai thién va mic gia khac nhau

cho tirng phan khuc, cac mau xe dién hinh dugc liét ké nhu bang dudi:

Bang 1.1: Théng ké cac mau xe may dién dién hinh giai doan 2000 — 2012 [15-20]

Kiéu loai Nha SX Hanh trinh (km) | Gia ban ($) Chi tiét
Passol Yamaha 32 1.625 2002 — 2007
EC-02 Yamaha 64 2.000 2005 — 2007
Enertia Brammo 64 7.995 2009
Urban-S Evoke 200 12.000 2008
Zero-S Zero 80 10.995
2009

Zero-X Motorcycles 64 7.495
VX-1 Vectrix 89 10.495 2012
EC-03 Yamaha 43 2.915 2011
Empulse 195 (EPA City) 16.995

Brammo 2012
EmpulseR 90 (¢ 110km/h) 18.995




Cac dong xe trén cha yéu dugc thuong mai & cac thi trudng cac nudc phat trién
nhu: Nhat Ban, Trung Québc, Chau Au va Bic My... vi gia thanh qua cao nén chi c6
mét sé lwong rat it duoc nhap khau vé Viét Nam dudi dang hang mau hozc qua biéu.

Tir dau nam 2019, thi truong xe dién Viét nam bat dau c6 dau hiéu am 1én voi
sir kién tap doan Vin Group da chinh thirc chao ban xe mdy dién Vinfast Klara ké tur
ngay 20/10/2018 va chinh thuc giao xe vao 21/11/2018, véi hai phién ban Klara Ay
(c quy Axit — chi) va Klara Az (pin Li —ion) c6 kiéu dang tuong tu cAc mau Xe tay
ga chay xang voi cac théng sé co ban:

Bang 1.2: Thdng s6 co ban xe may dién Vinfast Klara [21]

Thong so Klara A: (ic quy axit—chi) |  Klara Az (pin Li-ion)
B6 nguon ac quy 12V — 20Ah x 5 60V-22Ah
Thoi gian sac (gio) 12 7
bong co BLDC 60V — 800W BLDC 60V — 1000W
Toc do t6i da (km/h) 50 50
Hanh trinh (km) 55 70
Gia niém yét
(triéu dong) > >

Tiép sau Vinfast, trong nhimg thang dau nim 2019, mot s6 hing dd cho ra mat
mot s&6 mau xe dién mai véi tinh niang va gia ban kha twong ddng so voi Vinfast Klara,
noi bat trong do la:

- Ngay 05/4/2019, Cong ty TNHH Green Speed khai trzong Showroom dau tién
tai Quan 3, TPHCM véi 2 mau xe nhap khau theo tiéu chuan Chau Au 12 Niu — NSport
trang bi dong co BLDC 1500W, bd ngudn Li-ion 60V-29Ah, hanh trinh téi da 90 km,
van toc toi da dat 70 km/h véi gia chao ban 58 triéu dong va mau th hai la Niu —
NGT duoc trang bi 2 bo ngudn cho hanh trinh dén 170-180 km véi gia chao ban 78
triéu dong.

- Ngay 01/5/2019, tai trién 1&m & t6 qudc té Indonesia da cho ra mit mau xe may

dién Gesits trang bi dong co c6 cong suat 5 KW va pin Lithium-ion cho du trir hanh



trinh t6i da 100 km, xe c6 gia du kién khoang 1800 $ truée thué tai Indonesia, du kién
gia 1an banh tai thi truong Viét Nam cua mau xe nay khoang 2800 — 3000$ (d4 bao
gom céc loai thué phi). Ciing trong trién 1am nay, cac cong ty xe may lén nhu Honda,
Yamaha va Piagio cling ra mit mot sé san pham xe mdy dién. Tuy nhién tinh ning
con thap, gia thanh cao va chua du dinh ngay mé ban nén it duoc quan tam.

- Ngay 12/6 tai Ha Noi, trong khudn kho trién 13m vé phuong tién giao théng,
van tai va cong nghiép hd trg Viét Nam 2019 (Vietnam Auto Expo 2019) Mbigo -
hang xe may dién Han Qudc trinh lang 3 mau xe MBI X, MBI S, MBI V. MBI X ¢6
kiéu dang twong dong Honda Vario trong khi MBI S giéng Yamaha NM-X con MBI
V c6 kiéu dang gidng Honda Giorno. Ca ba mau xe déu duoc trang bi dong co BLDC
Vvé6i cong suat dinh mic 6,7 Hp di kém bo ngudn 2 pin Lithium-ion 35 Ah, hop s6 2
cap. Xe ¢6 3 ché do chay gom Eco (50 km/h), Drive (70 km/h) va Sport (110 km/h).
Gia ban du kién lan lugt 12 60 — 70 — 50 triéu dong.

Hinh 1.5: Mau xe MBI X, MBI S, MBI V tai Vietnam Auto Expo 2019

Mic du thi truong xe dién bat dau am Ién va nhan duoc sy quan tam caa nha
nudc va ngudi dan nhung vi con nhiéu vudng mac nhu: chi phi san xuat cao; cong
suét riéng cuia dong co thap; dy trir hanh trinh nho; ton nhiéu thoi gian nap lai ngudn
dién; chua c6 hé thong tram nap nhanh va doi pin dong bo theo hé théng giao théng;
muc d6 tién dung,... nén sé lwong ban ra rat han ché. Tinh dén thang 6/2019, mac du
da duogc tro gia lién tuc véi gia ban wu dai c6 lac chi 21 va 35 triéu ddng cho hai phién
ban nhung s6 luong xe Vinfast Klara ding ky méi van rat han ché chi méi dat khoang
6.000 xe, chi1 yéu tap trung & hai thanh pho 16n 1a Ha Noi va TPHCM [22] va van



dang c6 xu hudng giam. Diéu nay chiing to trong twong lai gan xe dién van c6 nhiéu
nhuogc diém va chua da sic thuyét phuc nguoi dan thay doi thoi quen sir dung.

T6m lai, du da va dang tiép tuc nghién ctru va tién hanh nhiéu bién phap nham
cai thién khi xa va tinh hiéu qua nhién liéu cho phuong tién giao thdéng noéi chung va
Xe may noéi riéng nhu:

- Hoan thién qua trinh chay;

- biéu khién can thiép théng minh vao chu trinh nhiét;

- Cai tién qua trinh cung cap nhién liéu, danh lira, ting ti s6 nén;

- Str dung cac loai nhién liéu thay thé nhu LPG, CNG, khi thién nhién...;

- Nghién ctru diéu ché, san xuat va sir dung nhién liéu sinh hoc nhu Methanol,
Ethanol, Biodiesel;

- Chuyén sang st dung xe chay bang ning luong dién tir 4 quy, pin Li-ion, pin
nhién li¢u, pin mat troi...

Tat ca cac giai phap trén déu c6 nhitng wu nhuoc diém riéng nhung khong bo
sung duoc cho nhau. Tir d6 mot ¥ tudéng maéi duoc dé xuat 1a xe lai (hybrid), loai xe
str dung két hop hai ngudn ning luong, duoc xem la mot bude trung gian 1y twdng
trong quéa trinh chuyén ddi xe st dung nhién liéu truyén théng sang xe st dung céc
ngudn nang lugng méi. Trong dé, xe hybrid xing - dién 1a loai pho bién va thuc tién
nhét hién nay. Xe hybrid s& dap @ng duoc cac tiéu chuan khi thai nghiém ngat, tinh
kinh té nhién liéu ting dang ké trong khi tinh nang dong luc hoc va mac do tién dung
khong thay ddi nhiéu so véi xe truyén théng do két hop duoc vu diém caa hai ngudn
dong luc 1a dong co dot trong va dong co dién d@)ng thoi khic phuc nhuoc diém ton
tai cia mdi ngudn khi hoat dong doc lap.

Bén canh cac mau xe 04 banh hybrid duoc tap trung nghién ctu phat trién manh
thi cac nghién ciru vé xe may lai 02 banh ciing thu hut duoc sy quan tdm cua cac hing
san xuat xe may va cac nha khoa hoc trén thé gii. Nam 1997, Honda Motors 12 hing
di tién phong trong cong nghé nay va da gidi thiéu mau xe may hybrid ¢ kha ning

cat giam duoc 60% khi CO2 va ting 2,5 1an vé hiéu qua st dung nhién liéu [23]. Nam



2009, mau xe may Piaggio MP3 hybrid [24] ciing da duoc hing xe cua Y gidi thiéu
tai TPHCM trong mét trién 1am vé giai phap kinh doanh xanh caa lién minh chau Au.
Nam 2012, hing xe may An Do Hero Motor di gigi thidu dong xe tay ga méi Hero
Leap hybrid [25], dong co chay xing co thé vira din dong banh xe, vira chay may
phat dé sac lai pin.

Véi diéu kién hién tai @ TPHCM, viéc ché tao méi hoic nhap khau gan 10 triéu
xe hybrid dé thay d6i toan bo luong xe may hién c6 s& tén rat nhiéu thoi gian va tién
cua vi chi phi cia mot xe may hybrid la kha cao nén giai phap dit ra la cai tao xe may
truyén thong thanh xe may lai (HEM) la mét giai phap kha thi, tan dung duoc lugng
I6n xe may van dang hoat dong, chuyén doi dé dat hiéu qua kinh té nhién liéu va phat
thai tét hon ma khong can thiét phai nhau khau hay ché tao mot sé luong 16n phuong
tién giao théng hoan toan mai.

Tuy nhién, cac van dé dat ra khi cai tao xe may nguyén ban thanh xe may tich
hop truyén dong lai thi xay ra su su thay d6i vé kich thudc, trong lwong, cong suit...
clia Xe sau cai tao, liéu xe c6 dap tng duoc tinh nang dong luc hoc yéu cau nhu xe
nguyén ban hay khong? Ngudn dién sir dung 1a gi? Pong co dién nao la phu hop?
Phuong an diéu khién phan phéi cong suat va hiéu qua kinh té nhién liéu ciing nhu
phét thai ciia xe sau cai tao ra sa0? Thuat toan diéu khién nao tét nhat? Chi phi cai
tao va khai thac cd loi hon hay khong?

Xuat phét tir nhitng yéu cau do, trong khudn khé dé tai ma sé C2015-20-35,
Truong Pai hoc Bach khoa TPHCM dé xuat phuong an tich hop cong nghé hybrid
trén xe nén Honda Lead 110cc. Phuong 4n dua ra 1a str dung phuong phép phan phdi
cong suat phac hop véi banh truéc duoc dan dong truc tiép bang dong co dién lam
ngudn dong luc thir hai, banh sau duoc dan dong bang dong co ddt trong vai bo truyén
vO cap (CVT) nguyén ban. Bo ngudn dién caa xe gdm 4 ic quy axit — chi 12V-30Ah
lam cho khéi luong xe sau khi cai tao ting 1én rat nhiéu so véi xe nén, trong dé, khoi
lwong cum 4c quy chi — acid chiém phan 16n.

Tir d6 dit ra yéu cau cap thiét 1a can phai giai bai toan téi wu ngudn cung cip

nang lugng cho xe may lai cai tao, ddng thoi tinh toan chi phi dau tu khai thac 1a mot



trong c4c van dé cap thiét can nghién ciru tinh toan trude khi thi cdng cai tao, chuyén
d6i xe nén thanh xe hybrid dé danh gia tinh kha thi va hiéu qua caa viéc chuyén doi,
tranh viéc thyc hién mo mam, lang phi.

1.2. Téng quan vé tinh hinh nghién cieu

1.2.1. Tinh hinh nghién ciu trén thé giéi

Trén thé gigi, cac nghién ciru vé mé hinh hda va md phong xe lai di dwgc thuc
hién nhiéu cho ca 6 td va xe may; trong do, cac nghién ciru vé xe may lai cha yéu tap
trung & cac qudc gia c6 lwong phuong tién nay cao nhu Trung Quéc, An Do, Pai
Loan. Hau hét cac cong trinh cong bé chura dua ra duge dap an tong thé cho bai toan
t6i ru ngudn ning luong, chi phi dau tu va khai thac; hon nita, cic md phong thuc
hién theo cac diéu kién van hanh co thé khdng phu hop voi diéu kién giao théng tai
Viét Nam. Mot sé cong trinh tiéu biéu Ia:

Chen [26] cung cac cong su da nghién ctru xe may hybrid xang — dién véi dong
co dién dat truc tiép ¢ banh truéc. Banh sau duoc din dong bang dong co dbt trong
thong qua hé thdng truyén luc da duge diéu chinh két cau. Cau tric caa xe 12 kiéu
hybrid song song. Ca hai banh xe c6 thé cung cap luc kéo dong thoi dé dan dong xe
khi can thiét. Thuat toan Rule — based control dugc sir dung dé thiét ké bo diéu khién
phan phéi cong suat. Bac tinh kinh té cua xe dugc danh gia thong qua md phong trong
Matlab/Simulink theo chu trinh chay thir ECE R40. Két qua cho thay xe may hybrid
xang — dién cho hiéu qua tiéu hao nhién liéu tot hon xe nén nhung khong dang ké.
Két qua chi thu dugc khi mé phong theo mét chu trinh nén chua thuyét phuc. Nghién
ctru ciing chwa dua ra duoc phuong phap phan phdi cong suat hiéu qua hon va ciing
chua tinh téi cau hinh plug — in hybrid (xe hybrid c6 tich hgp may phat dién dé nap
lai cho cho 4c quy theo chu trinh khép kin).

Yap va Karri [27] da trinh bay mé hinh xe hybrid xang — dién da duoc phat trién
va mod phong bang phan mém Matlab/Simulink. Xe c6 cau tric hybrid song song, Véi
hai nguon dong luc gém dong co dbt trong hai thi dan dong banh sau qua b truyén
lyc CVT va dong co dién dit dong truc banh xe trudc. Phuong phap dé danh gia va

phét trién phuong phap diéu khién phan phdi cong suat 1a mé phong trén nhiéu chu
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trinh khéc nhau. Cac két qua chi ra ring mé hinh duoc phat trién kha thi va co gia tri.
Tuy nhién, nghién ctu chi ding lai ¢ viéc phan tich cac ché do hoat dong, sy phan
phdi cdng suét trong qua trinh chay theo chu trinh. Tinh kinh té nhién liéu chua duoc
danh gia va phuong phap diéu khién téi vu chua duoc xay dung.

Sheu [8] d& md ta cac md hinh toan hoc, phan tich va mé phong mot hé thng
truyén luc méi duoc xay dung cho xe tay ga. Diém ndi bat cua hé thdng truyén luc
hybrid nay la st dung mot bo phan phéi cong suat gom maot bo banh ring hanh tinh
mot bac tu do va mot bo banh rang hanh tinh hai bac ty do dé két hop cong suét tir
hai nguén dong lwc. MO hinh chi tiét cdc bo phan dugc thiét lap trong
Matlab/Simulink va dé xuat mot phuong phap diéu khién phan phdi cong suat don
gian. Hiéu qua dugc danh gia qua viéc mé phong theo bén chu trinh. Céc két qua mo
phong chiing minh ciu tric xe hybrid dé xuat c6 kha ning hoat dong hiéu qua duéi
nhiéu diéu kién khac nhau.

He va Hodgson [29] da xay dung mot mé hinh danh cho mdé phong xe hybrid
xang dién song song va mo hinh cum pin trén xe. M6 hinh cling dugc mo rong cho
ca xe dién va xe 0 t0 truyén thong. Qua d6, dinh huéng cac két qua dy doan vé hiéu
suit xe va phat trién hé thong diéu khién théng minh cho xe va hé thong nguon. Tuy
nhién, pham vi cta nghién citu chi tap trung nhiéu vao bo ngudn cao ap trén xe 6 to
hybrid truyén luc song song.

Shetty va Dawnee [30] di trinh bay mé hinh toan bo hé thdng truyén luc dién
cua xe hybrid, chu yéu Ia lra chon, thir nghiém motor dién c6 dic tinh phu hop nhét
v6i hoat dong cua xe hybrid. Trong nghién ctiru nay 1a dong co dién mot chiéu dung
nam cham vinh ciru. Cac md hinh va mé phong dugc xay dung bang Matlab Simulink
va két qua thu duoc 1a mot hé théng truyén cong suat dién hiéu qua cho cac tng dung
trén xe hybrid xang dién. Tuy nhién cong suat va hiéu suat cua loai dong co dién nay
khéng cao.

Crosss [31] da dua ra mot phuong phdp mo hinh hoa va mé phong xe hybrid
ndi tiép bang Matlab Simulink. M6 hinh nay di duoc st dung dé thir nghiém nhiéu

chién luoc quan 1y niang lugng trén xe hybrid ndi tiép. Tuy nhién md hinh chi gidi
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han dong co dot trong ¢ 2 trang thai 1a “tit” va “m¢”. Trong khi dé, viéc diéu khién
sao cho dong co d6t trong hoat dong & viing hiéu suat téi wu 1a muyc tiéu cao nhat cho
xe hybrid.

Wishar [32] da xay dung cac md hinh toan cac khéi bo phan trong ciu tric xe
hybrid. Véi su gitip d& cia phan mém ADVISOR. Két qua dé tai 1a phwong phap xay
dung chién lwgc quan 1y ning lwong va diéu khién dé dat muc tiéu hao nhién liéu thap
nhét. Tuy nhién, dé tai méi chi 1a md phong véi cong cu ADVISOR, van chua dé ra
phuong phap diéu khién dong co d6t trong téi wu trong thuc té.

Zhou [33] da xay dung cac mo hinh toan va méd phong hé thdng truyén luc
hybrid trén 2 nén tang Matlab/Simulink va Modelica/Dymola. Tuy nhién, mé hinh
tich hop ca hé thong van chwa dugc hoan thién va tac gia chi méi danh gia dugc hiéu
qua & 2 ché d6 hoat dong cua xe.

TOm lai, mac dU d3 c6 nhiéu nghién ctu vé linh vuc xe lai dién va xe dién tuy
nhién viéc tinh toan tbi wu ngudn ning luong, chi phi dau tu khai thac caa xe may lai
cai tao van chua duoc hoan thién dé bat tay ché tao sao cho cd hiéu qua.

Molenda [34] di trinh bay mé hinh dién héa cua pin Li-ion va vién canh vé viéc
ung dung pin Li-ion cho thi truong xe dién.

Etacheri va c4c cong sy [35] da tong quan vé cong nghé pin Li-ion va ang dung
cua n6 dac biét la giai phap va cac hudng twong lai quan trong cho nghién ctru va
phét trién pin Li-ion tién tién cho yéu cau st dung trén EV, HEV va cac hé théng can
bang tai.

Sun [36] d4 trinh bay phuong phap loc Kalman khéng cé bac thich tng dé udc
luong SOC cua pin lithium-ion cho xe dién. Sy diéu chinh thich ¢ng cua nhidu hiép
phuong sai trong qua trinh wéc tinh SOC dugc thuc hién dya trén ¥ tuong vé su két
hop hiép phuong sai trong ngir canh bo loc Kalman khéng bac. Két qua thyc nghiém
chi ra rang thuat toan dwa trén b loc Kalman khdng bac thich ung c6 hiéu suét tét
trong udc lugng SOC.

D. Notter [37] va cac cong su di danh gid chi tiét vé tac dong dén méi truong

cua viéc san xuat, sir dung va tiéu hay, tai ché pin Li-ion, tir d6 cung cap céi nhin
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khach quan va day du hon trong qua trinh danh gia, so sanh anh hudng méi trudng
cua Pin Li-ion véi dong co ddt trong.

Kim [38] va cé4c cong su da nghién ctru va ché tao thanh cong mach diéu khién
cua hé thong quan ly Pin (BMS) véi tinh ning két ndi, diéu khién nap xa can bing
cho céc té bao Pin (Cells) nham nang cao hiéu qua st dung, tudi tho va tinh an toan
cho Pin Li-ion.

Khaligh va Li [39] da trinh bay cac phuong phap luu trit nang luong mai cho
HEV va plug-in HEV (PHEVS), so sanh va thao luan cdng nghé pin, ac quy, siéu tu
va pin nhién liéu. Ngoai ra con két hop hai hozc nhiéu thiét bi luwu trit nang lugng dién
(ESS) va tinh toan tong du trir hanh trinh dién cho cac phuong phap lai khac nhau.

Nhu vay, véi su phat trién caa cong nghé, viéc luu trit dién niang cho xe lai dugc
thuc hién bang nhiéu phuong phap nhung Pin Li-ion di dwugc chiing minh 1a mot
trong nhitng phuong phép rat hiéu qua. Tuy nhién viéc tinh toan va giai bai toan cu
thé cho viéc ang dung pin Li-ion vao xe may lai cai tao sao cho hiéu qua nhat thi chua
duoc tinh dén.

1.2.2. Tinh hinh nghién ciru trong nwéc

Trong linh vuc xe hybrid hai banh trong nuéc, di c6 mot sé nghién cuu, dé tai
tién hanh tinh toan, ché tao, cai tao va danh gia hiéu qua caa san pham. Céc cong
trinh nghién ctu tiéu biéu trong nudce trong thoi gian gan day:

Bui Van Ga va Nguyén Quén [40] da dé xuat md hinh va thiét ké xe may hybrid
LPG — dién kiéu ndi tiép vé6i hai dong co DC 500W va 1000W dan dong truc tiép
banh trudc va banh sau vaéi bo nguon 1a 4 ac quy 12V — 30Ah mac song song. Xe
duogc tich hop mot may phat dién cong suat 1500W duoc dan dong bang dong co dbt
trong dung nhién liéu LPG duogc cai tién tir dong co xang Honda 50cc. Mot bo truyén
dong dai ndi banh sau véi may phat qua ly hop tir dé hoat dong khi phanh tai sinh.

Két qua tinh toan duy kién: Toc do cuc dai 80 km/h, trong lugng xe: 120 kg, quang
duong tu hanh khi chay bang dién 50-60km. Xe khong phat & nhiém khi chay bang
dién va khi chay bang LPG, muc do phat thai 6 nhiém cua nd toi da bang 20% mirc

d6 phat thai cua xe gdn may chay bang xiang cung ¢&. Tuy nhién nghién ciru chi dirng
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lai & viéc thiét ké va tinh toan chir chua ché tao nguyén miu nao dé thuc nghiém

chang minh két qua.

7y DPong co LPG
Binh chira LPG

0,8m

) @

v Dong co dién
(banh trudc)

Pong co dién
(banh sau)

A
A

Hinh 1.6: So d6 hé thong truyén luc xe may hybrid LPG — dién [40]
Nam 2012, Pham Vin Minh [41] d4 tinh toan thiét ké hé thdng truyén lyc hybrid

song song cho xe hai banh:

Péng co dot trong

4—|:|: H Déng codién —| Béchuyénddl [— Pin

I B truyén dai

Cl1
— Truc két hop mé men

C1: ly hop ly tam

© C2. C3: ly hop dién tir
|:| Ly hop mé&
m Ly hop dong

Hép giam téc

t Banh xe [——

O

Hinh 1.7: So d6 hé théng truyén luc cia xe mdy hybrid [41]
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Thiét ké trén st dung dong co xing 97cc voi bo truyén CVT 1am ngudn cong
suat tha nhat, ngudn cong suat thir hai 12 dong co dién DC MY 1020 36V-800W dugc
nudi bang ngudn dién 3 ac quy 12V-30Ah mac ndi tiép. Su két hop hai ngudn cong
suit nho bo tong hop cong suat kiéu md men théng qua mot hop giam tbc hai cip dé
dan dong banh sau. Nghién ctru ndy di dua ra dugc nguyén 1y didu khién cac ché do
lam viéc khac nhau cua xe nhung thiét ké con qua phirc tap, chua dua ra dugc két qua
tinh toan cudi cling vé suét tieu hao nhién liéu, kha nang giam 6 nhiém va cac tinh
nang dong luc hoc cua xe khi van hanh nén chwa bit tay vao ché tao.

Thang 9 nim 2015, Nguyén Tri Thanh va Nguyén Vin Nhan [42] d3 nghién
ctru thiét ké, ché tao, thir nghiém bo phan phéi cong suat (Power split device - PSD)
trang bi trén md hinh xe hybrid kiéu hdn hop c6 ciu tric va hoat dong tuwong ty nhu
mot hop sé hanh tinh, hoat dong nhu mot co cau truyén dong bién doi lién tuc. Cum
banh rang hanh tinh c6 vai tro nhu mét bo chia cong suat tir dong co thanh hai thanh
phan cung cap cho hé truyén dong va may phat dién. Mic du di ché tao va lap dat
nhung chi Iip trén mé hinh thir nghiém, chua do dwoc md men trén cac truc nén chua
c6 tinh tng dung vao thyc té.

Pham Tuan Anh [43] va c4c cong di nghién ctiru kha ning tich hop cdng nghé
hybrid cho xe may 02 banh dya trén nén xe Honda Lead 110cc dya trén nén tang dé
tai ma s6 C2015-20-35, Truong Pai hoc Bach khoa TPHCM. Cac noi dung bao gom
lya chon phuong an bd tri chung dé gan cac trang thiét bi 1én xe; lya chon dong co
dién, may phat va ac quy; nguyén Iy hoat dong caa bo diéu khién va phan phéi cong
suat (Power Management System - PMS) theo céac ché do hoat dong khac nhau cua
xe may lai. Két qua ban dau cho thay khi xe chi hoat dong voi dong co dién, xe may
lai cO thé dat dén van toc ti da 1a 44,2 km/h khi di chuyén 6n dinh trén duong bang,
trong khi do doc 16n nhat xe cd thé leo dugc 1a 3,54% cho trudng hop 50% tai. Mic
du két qua kha kha quan nhung chwa dua ra dugc phuong phéap diéu khién phan phdi
cong suat va bo ngudn phi hop cho xe nén chi ding lai & mic thi nghiem.

Huynh Thinh [44] da nghién ctu md hinh hda va mé phong xe may lai cai tao

theo mé hinh caa Pham Tuin Anh dé xuét, giai bai toan ti vu phan phdi cong suat,
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tuy nhién vi cng suét riéng cua ac qui nho nén vudng mac 1a khédi luong dc qui qué
I6n 1am tdng ton hao cdng suat va giam cong suat riéng cia xe dong thoi thé tich ic
qui qua I6n chiém hét ngin chtra dd (UBOX) cua xe, nhu vay bai todn ti vu ngudn
nang luong va chi phi dau tu, khai thac chua duoc xét dén.

NGi rong ra cho ca linh vuc xe dién va xe hybrid, nudc ta hién dang rat thiéu
cac cong trinh nghién ciru ca vé Iy thuyét va thuc nghiém. Mic du da c6 mot s6 nghién
ctru di trudc nham tao tién dé va giai quyét mot sé vuedng méc trong viéc cai tao xe
Honda Lead 110cc thanh xe lai xing - dién. Tuy nhién tinh kha thi trong thyc tién
chua cao vi van con vudng mac chua giai quyét dugc 1a van dé téi uu ngudn ning
luong, chi phi khai thac cho xe may lai cai tao nay dé c6 thé tién hanh ché tht, tién
t6i hoan thién quy trinh cdng nghé dé cai tao hang loat.

1.3. Muc tiéu va nhiém vu ciia dé tai

1.3.1. Muc tiéu cia deé tai

Muyc tiéu cua dé tai gom:

- Nghién cau tbi vu tinh nang bo ngudn dién ma cu thé 1a thay thé b ngudn ac
quy thanh bd ngudn pin Li-ion trén xe may lai cai tao.

- Nghién ciru cac ché do phan phdi cong suat cua xe, cac dac tinh caa bo nguon
pin Li-ion dé dwa ra duoc ché do st dung b ngudn hiéu qua nhat.

- Tinh toén chi phi dau tu, khai thac ciia xe gan may tich hop truyén dong lai va
so sénh vai chi phi khai thac xe nguyén ban.

1.3.2. Nhiém vu ciia d@ tai

- Nghién cau Iy thuyét vé xe hybrid, phan loai, ciu trdc va hoat dong cua xe
hybrid, xe may hybrid.

- Nghién ctu vé cac phuong phap phan phdi cong suat caa xe may tich hop
truyén dong lai.

- Nghién ctru vé cac ngudn ning lugng da, dang va cé kha nang sir dung trén xe
may lai.

- Nghién ctru dic tinh cua té bao pin Li-ion.

- Tinh toén, thiét ké, ché tao bo ngudn pin Li-ion va mach quan 1y pin BMS.
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- Thir nghiém bd nguon.

- Tinh toan chi phi dau tu khai thac, so sanh, danh gia két qua va dwa ra két luan
1.4. Pbi twong va pham vi nghién ciu

1.4.1. Péi twgng nghién ciu

- Hé théng truyén lyc va hé thong luu trit nang luong trén xe may hybrid xing
dién dugc cai tao tir xe nén Honda Lead 110cc.

- C4c ngudn nang luong dang va c6 kha ning st dung trén xe may lai

- M6 hinh toén hoc cac bd phan trong hé thdng truyén lyc va luu trit ning luong
trén Xe cai tao.

- Phuong phép giai bai toan tbi wu.

- Cong cu tinh toan va md phong

1.4.2. Pham vi nghién cwu

Dé tai chi tap trung vao hai van dé chinh 1a nghién ctiu t6i wu tinh ning lam viéc
cua bo ngudn pin Li-ion va tinh toan chi phi du tu, khai thac trén xe may lai hybrid
xang dién dugc cai tao trén nén Honda Lead 110cc dang dugc nghién ciu tai phong
thi nghiém trong diém dong co ddt trong tai trudng Pai hoc Bach Khéa Tp. H5 Chi
Minh theo diéu kién hoat dong tai Thanh phé H6 Chi Minh.

1.5. Phwong phap nghién curu.

1.5.1. Phwong phap phén tich va tong hop ly thuyét.

Nghién ciru phén tich va tong hop cac kién thic vé xe hybrid, xe may hybrid,
ly thuyét vé t6i wu, 1y thuyét vé phan phdi cong suat va diéu khién.

1.5.2. Phwong phap téng quan.

Nghién ciu tong quan tinh hinh nghién ciru trong va ngoai nudc ¢é lién quan,
tir d6 rat ra nhimg diém ma nhitng nghién ciru trude da va chua dat duoc, dinh hudng
c4c van dé can tiép tuc tap trung nghién ctu.

1.5.3. Phwong phap toan hec.

Xay dung va giai quyét phuong trinh t6i wu, mé hinh héa va tinh toan cac mé
hinh toan hoc da duoc xay dung.

1.5.4. Phwong phap thuc nghiém.
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Thi nghiém do kiém bo ngudn pin Li-ion va dc quy dé rat ra nguyén ly bo diéu
khién cong suat (PMS), bo diéu khién nap xa (BMS) va dinh mac nap xa cho ting
ngudn ning lugng dién (SOC) tai Phong thi nghiém Po ludng hitu tuyén dién, Khoa
Tiéu chuan — Do luong — Chit luong, Truong Pai hoc Tran Dai Nghia.

Thi nghiém kiém tra kha ning hoat dong caa bé ngudn méi trén xe may lai cai
tao tai & cac ché do hoat dong khac nhau.

1.5.5. Phwong phap m6 hinh hoa va mé phéng

M6 phong hoat dong phan phéi cong suat caa bd nguén mai cho xe may lai cai
tao theo cac chu trinh chay thir c6 diéu kién hoat dong tuong tu diéu kién hoat dong
tai Thanh phé H6 Chi Minh.
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Chuong 2
CO SO LY THUYET

2.1. Xe hybrid, cac phwong phap phén phdi cong suit cho xe hybrid.

2.1.1. Khai niém xe hybrid

Cac phuong tién giao thong st dung dong co dét trong (ICE — Internal
Combustion Engine) sir dung nhién liéu hoa thach nén c6 wu diém vé thoi gian hoat
dong lién tuc lau dai, du trir hanh trinh 16n va thoi gian nap lai nhién li€u trong thoi
gian ngin nhung lai ¢6 nhuoc diém 13 hiéu qua st dung nhién liéu kém va gy 6
nhiém khong khi. Cac 1y do chinh lam cho hiéu qua str dung nhién liéu kém la:

- Hiéu suat nhiét ctia chu trinh 1am viéc nho (thuong khong qua 45% ké ca da
ap dung nhiéu bién phap nham ting hiéu suat nhiét ciia dong co).

- Dac tinh kéo ctia dong co khong phu hop vai déc tinh kéo 1y tudng cua xe khi
hoat dong trén dudng nén bat budc hé thong truyén luc phai ¢ thém hop sd, gy ting
t6n hao trong hé thong truyén luc dac biét 1a véi hop sd thuy luc hodc thiy co.

- Suét tiéu hao nhién liéu ctua dong co khong phu hop voi yéu cau hoat dong
thuc té cua xe.

- Pong ning cuia xe trong qua trinh phanh 12 nang luong ton hao vé ich, dic biét

1a khi xe hoat dong trong thanh thi véi dai tbc do thay doi lién tyc.

Tinh kinh té nhién liéu:
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Hinh 2.1: Ban d6 suét tiéu hao nhién liéu & duong d6 thi EPA FTP75 [45]
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O huéng phét trién khac, xe dién (EV — Electric Vehicle) c6 mot sé vu diém
hon dong co ddt trong truyén thong nhu hiéu suat ning luong cao hon, dic tinh sat
V6i dic tinh Iy tuong va it gy 6 nhiém moi trudong. Tuy nhién, xe dién c6 nhuge diém
la gi& thanh cao do st dung kim loai mau nhiéu, du trix hanh trinh nhé do ning lwong
riéng chtra cuia 4c quy thap va thoi gian can thiét dé nap lai ngudn dién rat 1au.

Dé phat huy uu diém va cai thién nhuoc diém ciia mdi ngudn cong suat, nguoi
ta da tich hop ca hai ngudn d6 1én trén ciing mot xe goi 1a xe hybrid hozc xe lai.

Xe hybrid 1a xe sir dung hai ngudn dong luc (hay nguén ning lwong) nhu dong
co dot trong — fuel cell, dong co dt trong — pin, dc quy... két hop véi bo chuyén doi,
phan phéi cdng suat. Néu mot trong hai ngudn dong luc ay 1a dién thi goi 1a xe lai
dién (HEV — Hybrid Electric Vehicle). Ngoai ra, néu HEV c6 tich hop thém kha niang
cam sac tir nguén dién ngoai thi cau hinh d6 goi 1a Plug-in Hybrid (P-HEVs).

Nho su két hop nhu vady ma HEV c6 kha ning ting hiéu qua st dung nhién liéu
va giam & nhiém moéi truong do cac ngudn dong hee dugce diéu khién sao cho hoat
dong ¢ diéu kién co hiéu suat cao nhat. Bong thoi, dong nang tén hao trong qué trinh
phanh xe duoc thu hoi va nap lai cho ngudn dién hoic tai sir dung sau do.

Trén thuc té, do ¢6 nhiéu vu diém nén ciu trac HEV duoc sir dung rong rai.
Trong giéi han cua nghién ciru nay, cac xe hybrid duoc néi dén 1a kieu HEV.

So dd nguyén ly hoat dong chung cua céc loai xe HEVs dugc thé hién nhu
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Hinh 2.2: So d6 nguyén Iy chung hé thdng hybrid
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2.1.2. Céc ché @ 1am viéc ciia xe hybrid

Véi so dd nguyén Iy chung nhu vy, cac ché do lam viéc caa HEV bao gdm:

- Ché d6 minh dong co d6t trong: ché do nay dugc sir dung trong ving ti wu
vé hiéu suit nhiét va suat tiéu hao nhién liéu ciing nhu giam thiéu khi thai cua dong
co dot trong, khi xe dat dén mot toe do da dugce x4c dinh tir dic tinh dong co, dong
co s& dugc khéi dong va khi dong co dat duoc s vong quay ¢ ving téi wu thi dong
co dién s& ngat va xe dugc dan dong hoan toan bang dong co dét trong.

- Ché @6 minh dong co dién: ché do nay dugc st dung khi xe chay & ché do mot
minh khéi hanh, van hanh xe ¢ toc do thap, hay dia hinh han ché phat thai 6 nhiém
nhu trong thanh phd. Do dic tinh cua dong co dién c6 md men 16n & s6 vong quay
thap nén tan dung dugc méd men, khi & s6 vong quay thip dong co dbt trong co6 mirc
tiéu hao nhién liéu 16n do d6 sir dung dong co dién s& tiét kiém nhién liéu va khong
phat sinh khi thai.

- Ché d6 ca hai dong co cung dan dong xe: ché do nay duogc st dung trong qua
trinh ting toc hay leo doc. Khi xe ting téc dén toc do hoic ving cong suat ma dong
co dot trong vuot ra khoi dai t6i wu thi dong co dién lai dugc khéi dong bo sung nang
luong. Cong suat hai dong co duoc két ndi day xe ting tdc cuc dai hay can md men
16n dé vuot doc. Luc nay nho sy dong gop cong suit ciia dong co dién nén cong suat
can thiét ciia dong co d6t trong giam, dua vé dai t6i wu.

- Ché d6 nap lai ngudn dién: Khi trang thai dung luong luu trir (SOC) cia ngudn
dién giam dén muc ti thiéu ma xe ding hodc tai ciia xe & murc thap va trung binh.
Pong co d6t trong hoat dong trong ving kém hiéu qua, luc nay dong cong suat tir
dong co débt trong duoc chia lam hai nhanh, mot nhanh dan dong banh xe, nhanh con
lai kéo may phat (hodc dong co dién hoat dong & ché d6 may phat) dé phat dién nap
lai cho bd nguén dién. Viéc nap lai nguén dién s€ ngét néu tai cua xe tang lam dong
co ddt trong qua ving cong suét tdi uu.

- Ché d6 phanh tai sinh: Truong hop xe tha doc, giam téc d6 hodc phanh, dong

nang cua xe lic nay duoc truyén té1 may phat (hoac dong co dién hoat dong & ché do
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may phat) dé phat dién nap lai cho ngudn dién hodc luu trir vao siéu tu dé cip nguoc
lai cho dong co dién khi xe can cong suat.

2.1.3. Céu triic ciia xe hybrid

So v6i mot chiée xe truyén thng, ciu triic cua mot chiée xe hybrid xing — dién
bao gém: hé théng luu trr ndng lugng, dong co dién, dong co dot trong va hé théng
truyén luc va bo diéu khién dién ti.

a) H¢ thong lwu triv nang liwong

Hé théng luu trir nang luong 1a mot trong nhitng hé théng quan trong nhat trong
chiéc xe hybrid, truc tiép anh huong dén hiéu qua ctia chiée xe. C6 nhiéu loai thiét bi
tich trit ning luong di dugc dé xuit timg dung trén xe hybrid nhu: pin, dc quy hoa
hoc, siéu tu va banh da cao téc. Hién nay, ac quy héa hoc va pin van la thiét bi luu
trit ndng lugng phd bién cua xe lai dién. C6 rat nhiéu cac yéu cau cho cac thiét bj tich
trit nang luong tmg dung trén mot phuong tién giao thong nhu: chi s6 niang luong
riéng, cong sudt riéng, hiéu suit, yéu cu bao dudng, bao quan, gia ca, su thich Gmg
than thién v&i moi truong, va an toan. D6i véi trén HEV thi chi sé ning luong riéng
it quan trong hon va chi sé cong suit riéng thi dwoc quan tim dau tién. Boi vi tit ca
ning lwong thi xuit phat tir ngudn hoa ning cia nhién liéu nén viéc tao ra du cong
suat 1a can thiét dé dam bao cho tinh nang hoat dong cua xe, dac biét trong subt qua
trinh tang tdc, leo ddc, va phanh tai sinh.

Céc loai dc quy va pin str dung hiéu qua trén EV va HEV bao gdm ic quy axit-
chi, pin Nickel (Ni/Fe, Ni/Cd va Ni/Mh) va pin Lithium nhu Lithium — polymer va
pin Lithium-ion.

b) Nguon céng sudt chinh

Ngudn cong suit chinh 13 ngudn cong suit on dinh trén xe hybrid, théng thuong
1a dong co dbt trong hay fuel cells. Viéc lua chon ngudn cong suit chinh phu thudc
cht yéu vao yéu cau vé tinh ning 14i, kinh té nhién liéu va 6 nhiém méi truong. Pong
co xang 1a loai dong co phd bién nhat dé chuyén ddi ning luong hoa thach dé thanh

co nang dé cung cap nang lugng cho xe. Cac uu di€m chinh cua dong co xang la cong
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sudt riéng cao (ti 16 cong sut/trong luong), dai téc d6 16n, dy trit hanh trinh dai, nap
lai nhién li¢u nhanh.

¢) Hé thong truyén luc

Vi trén xe hybrid ¢ hai hoic nhiéu nguon dong luc véi cac dic tinh khéc
nhau, hé thdng truyén lyc dong mét vai trd quan trong hon so véi xe théng thuong dé
c6 thé dat duoc hiéu qua t6i da va hiéu suat téi wu.

Hé théng truyén luc trén xe hybrid c6 nhiém vu:

- Truyén va bién d6i mé men va toc do tir nguén dong luc dén co ciu van hanh
theo cac diéu kién lam viéc khac nhau cua xe.

- Thay ddi chiéu quay dé xe tién hodc lui

- Phéi hop cac ngudn dong luc dé dat tinh kinh té nhién liéu cao nhat va giam

luong khi thai gdy 6 nhiém ra méi trudng trong khi van dap Gmg duoc yéu cau dong

luc hoc.
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Hinh 2.3: M6t s6 loai khdp ndi mé men [46]
Déi voi cdu trac xe hybrid song song c6 dong co dién dit trudc hop sb hoidc

dong co dién dat & banh xe, cau tao hé théng truyén luc khong khac nhiéu so véi xe
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truyén théng. Nhung ddi voi hybrid phtc hop hay kiéu song song ma dong co dién
dat sau hop sd, cau tric bo truyén tr nén phuc tap hon do phai tich hop thém b PSD.

B6 PSD thuong 1a khép ndi co khi gom hai loai 1a khép ndi mé men (Hinh 2.3)

va khép ndi téc @6 (Hinh 2.4).
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Hinh 2.4: Mot s6 loai khop ndi toe do [46]
d) Dong co dién

Pong co dién la nguon cdng suat thi hai trong hé théng truyén luc xe hybrid.
Hién nay, hai loai dong co dién duoc st dung phé bién nhit 1a dong co dién mot chiéu
khong chéi than (BLDC) va dong co dién xoay chiéu cam ting (AC Induction Motor)
13 vi cac wu diém hiéu suat cao, 1am viéc tin cay hon, cong suat riéng 16n hon, it can
bao dudng va tudi tho lau dai nhung nhuoc diém 1a gia thanh dat hon. Chi phi chénh
léch nay chua yéu 1a do céc chi phi san xuat cac thiét bi diéu khién dién tu.

Ngoai ra, dong co dién tich hgp trong banh xe (Hub Motor) duoc sir dung kha
nhiéu trong cac xe dién va xe hybrid hai banh va dang 1a xu huéng méi trong thiét ké
ngudn dong luc dién xe hybrid bon béanh.

- Pong co BLDC: ¢6 ciu tao va nguyén 1y hoat dong twong ty dong co DC c¢6
choi than, nhung chirc nang cua rotor va stator dugc dao ngugc. Rotor dugce tao thanh

tor mot bo nam cham vinh ctru va stator 1a nam cham di¢n dugc di€u khién. Pong co
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BLDC loai bé dugc chdi than va cd g6p nén loai boé duogc tia Ira dién sinh ra. Tia Itra
dién nay khong chi 1am giam tudi tho st dung ctia dong co, ma con tao ra nhidu dién

tir 1am anh huong x4u cac hé thong diéu khién ban dan hién dai.

Motorstator Commutatiesensoren

Motorrotor

Hinh 2.5: C4u tao dong co BLDC

Dé thay thé cho kéu cu chdi than — c6 gbp ma van cung cip va ddo chiéu dugc
dong dién trong cudn kich tir ctia stator, mot mach dién tur diéu khién céc transitor
cong suét (hoic MOSFET) déng mé dong dién vao cac cudn day stator khac nhau
g v6i vi tri cia rotor dé giit cho rotor quay lién tuc. Viée dao chiéu dong dién qua
cac cudn day duogc thuc hién boi cac cap transistor cong suat thuén nghich diéu khién
dong mo luan phién N-P. Nhiéu dong co BLDC sir dung cam bién Hall dé xac dinh
vi tri cia rotor. Mot s6 dong co khac giam sat BEMF trong cudn day dé xac dinh vi
tri cua rotor.

Hién nay dé diéu khién téc do dong co BLDC, ngudi ta thay d6i dong dién qua
cac cudn dy stator khac nhau bang phuong phap diéu ché do rong xung (PMW —
Pulse Width Modulation).
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Hinh 2.6: Nguyén ly diéu khién dong co BLDC [45]

- Pong co dién xoay chiéu cam tng: hay con goi 13 loai dong co dién ba pha
khong dong bo, dong co loai nay duoc dung phd bién trong cong nghiép do co chi
phi thip va két ciu don gian. Pong co hoat dong trén nguyén tic thay doi tir truong
trong cic cudn ddy stator. Stator c6 ba cudn day phan cach bang 120° va duogc cip
dong dién xoay chiéu 3 pha tao ra mot tir truong quay xung quanh stator. Rotor 14 cac
nam cham vinh ciru hodc cac cudn day quan khép kin trén 18i tir (rotor 10ng soc) va
1a truc ra cua dong co.
Trong dong co xoay chiéu cam ung, rotor ludn quay & toc do cham hon so véi

tur truong quay. Su khac bi¢t gitra tde do nay duoc goi la trugt. Sy truot ty 1¢ thudn
véi tai trong dat 1én dong co. Khi tai trong trén truc cua rotor tang, rotor c6 xu hudng
cham lai va d6 truot tang. Su truot nay lam tang dong dién cam Ung trong rotor va

lam moment xo0dn cua rotor, nhung tdc d6 cham hon va do d6 tao ra it CEMF.
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Céc dong co xoay chiéu cam tmg dwa vao cam bién vi tri rotor dé bat dau va
duy tri rotor xoay. Cac cam bién bao cho bd diéu khién chinh xac vj tri rotor dang
quay bén trong stator. Bo diéu khién cap dién ap AC t6i stator. Khi rotor bat ddu quay,
cac cam bién theo ddi vi tri cua rotor va lién tuc guri tin hiéu dén bo diéu khién. Bo

di€u khién tiép tuc di€u khién thich hgp dé duy tri moment xoan ctia motor.

Hinh 2.7: Pong co dién xoay chiéu cam tng trén Toyota Prius
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Hinh 2.8: D6 thi m6 men xo0én tmg véi do trugt [47]

- Pong co dién tich hop trong banh xe (Hub Motor) vdi tidu chi nho gon, két
cAu don gian. Véi két cau nay, dong co s& din dong truc tiép 1én banh xe, bd qua
duoc cac bd truyén trong hé théng truyén luc va dugc van hanh truc tiép theo kiéu
dan dong khong c6 truc co khi (drive — by — wire) gitip giam khdi luong va ting

khong gian trong cua xe.
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DPong co dién duogc sir dung dé tich hop trong banh c6 thé 1a déng co dién mot

chiéu, xoay chiéu hodc mot s6 loai dong co da dugc gidi thi¢u nhu trén. ..

Hinh 2.9: Bong co BLDC dit trong banh xe (Hub BLDC)

e). By diéu khién di¢n tii

Tuong tu nhu ac quy, dong co dién, dong co dot trong va h¢ théng truyén luc,
cac b chuyén d6i DC — DC va bién tan DC — AC ciing 1a mdt bd phan quan trong
trén xe hybrid. B chuyén ddi DC — DC trong xe dién va xe hybrid dién thyc hién
chtic ning chuyén ddi dién ap cao dugc cung cap boi hé théng luu trit ning luong
thanh dién ap thip dén céc thiét bi dung dién ap thap, thuong 12 V. Chirc ning cua
bién tan 1a dé chuyén d6i dién mot chiéu cta ac quy thanh dién xoay chiéu cao ap dé
dan dong dong co dién. Khi phanh tai sinh, qua trinh nay duoc dao nguoc: Dién ap
ra xoay chiéu tir dong co di¢n, luc nay hoat dong nhu mdt may phat dién, dugc chuyén
d6i sang ngudn DC dé sac lai pin. Hiéu qua ctia cac thiét bi dién tir cong suat co tac
dong dang ké dén hiéu qua téng thé cua chiée xe.

2.1.4. Cac phwong phap phan phoi cong suat cho xe hybrid.

a) Kiéu noi tiép

Pong co dién truyén luc dén cac banh xe chu dong, cong viéc duy nhét cua dong
co nhiét 14 s& kéo may phat dién dé phat sinh ra dién nang nap cho ic quy hodc cung

cap cho dong co dién. Dong dién sinh ra chia 1am hai phan, mot dé nap ac quy va mot
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s€ dung chay dong co dién. BPong co dién ¢ day con cé vai tro nhu mdt may phat dién

(tai sinh nang lugng) khi xe xudng ddc va thue hién qua trinh phanh.

— = Dong co ning —--- = Dong dién ning

Poéng co dién

O

DBoéng co dbt trong

Miéy phat

Bénh xe
Hop giam téc

R RRRRRCAR

Hinh 2.10: CAu trac truyén lyc Hybrid ndi tiép

Uu diém: Hé théng truyén luc cta xe duge diéu khién nhu mot hé théng truyén
Iyc dién. O so d6 nay khong can bd tri hop s6 co khi nhiéu cap s truyén (hoic 1a
khong can hop s6). C6 thé st dung dong co & tirng banh xe thay cho bo truyén vi sai,
tao ra truyén dong kiéu 4WD. DPong co dbt trong co thé chon & ché do hoat dong tdi
ru va khong khi ndo hoat dong & ché d6 khong tai nén giam duwoc 6 nhiém méi truong.
Mit khac dong co d6t trong chi hoat dong néu xe chay dudong dai qua quing duong
da quy dinh dung cho ic quy.

Nhiege diém: Nang luong tir dong co bi bién d6i 2 1an lam giam hiéu suét truyén
dong, b tri thém may phat 1am ting khdi luong xe, kich thude va dung tich dc quy
c6 kich thudc 16n hon so véi kiéu truyén dong song song, dong co d6t trong ludn lam
viéc & ché d6 nang nhoc, dong co dién c6 khdi lwong 16n (dé dap tng dugc cong suit

16n nhat ma xe yéu cau).
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b) Kiéu song song

Dong ning lugng truyén téi banh xe chii dong di song song. Ca dong co nhiét
va dong co dién cung truyén luc toi truc banh xe chi dong voi muc do tuy theo céc
diéu kién hoat dong khac nhau. O hé théng nay dong co nhi¢t dong vai tro la nguén
ning luong truyén mé men chinh con dong co dién chi déng vai trd trg gitip khi ting
tde, vuot doc hodc & ché do chuyén dong voi tdc do thép.

Kiéu nay khong can dung may phat dién riéng do dong co dién co tinh ning
giao hoan ludng dung s& lam nhiém vu nap dién cho dc quy trong cac ché do hoat
dong binh thuong, it ton that cho cac co cau truyén dong trung gian, né c6 thé khoi

dong dong co ddt trong va dung nhu mot may phat dién dé nap dién cho ic quy.

— = Dong coning -———-= Dong dién ning

Pin

Co cau I
truyén dong ' A

O E Poéng co dién

Déng co d6t trong

Banh xe
Hop giam toc

Hinh 2.11: C4u tric truyén lyc Hybrid song song
Uu diém: Cong suét tong clia xe s& duge tang 1én do c6 thé sir dung ca hai ngudn
nang luong cung ldc, mac do hoat dong cua dong co dién it hon dong co nhiét nén
dung lugng binh ac quy nho va gon nhe, trong lugng ban than cia xe nhe hon so voi

kiéu ghép ndi tiép va hon hop.
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Nhirge diém: Dong co dién cling nhu bo phan diéu khién c6 két ciu phic tap,
gia thanh ddt va dong co nhiét phai thiét ké cong suat 16n hon kiéu hybrid ndi tiép.

¢) Kiéu hén hop

Hé thong nay két hop ca hai hé thong ndi tiép va song song nhim tin dung t6i
da cac loi ich dugc sinh ra. Hé thong hybrid hon hop c6 mot bo phan goi 1a thiét bi
phan chia coéng suat chuyén giao mot ty 1¢ bién ddi lién tuc cong suit cua dong co
nhiét va dong co dién dén cac banh xe chu dong. Hé thdng nay chiém wu thé trong
viéc ché tao xe hybrid.

Ludn hoat dong & ché d6 tbi uu nén khic phuc dugc cac nhugc diém cua truyén
dong ndi tiép va song song nhu: st dung phuong phép tai sinh ning luong dé tao ra

dong dién nap cho ac quy, giam luong tiéu thy nhién lidu.

— [~ Dong coning - -——- 4= Dong dién ning

Miy phit Vo

Déng co dét trong

Boéng co dién

O =

B06 chia cong suat

Bénh xe
Hop giam toc

TR CRRRR AR

Hinh 2.12: Cu triic truyén lyc Hybrid hdn hop
Uu diém: Trong céu tric hybrid hdn hop thi dong co dién dugc dung trong cac

ché do gia toc hodac tai 1on nén dong co dot trong chi can cung cap cong suat vira du
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do d6 c6 thé thiét ké dong co c6 kich thude nhé gon, cong suit va md men cia dong
co dét trong dugc chon trong ving hoat dong tdi wru (do tinh toan chon trude diy tdc
d6 phu hop), ngudn coéng suat va mdé men sau khi phéi hop giita hai dong co dugc
gan nhu 1y tuéng.

Nhuege diém: cau tric hybrid hdn hop c6 két ciu phire tap va gia thanh cao.

2.1.4. Phwong phap cai tao xe Honda Lead thanh xe may hybrid

Xe Honda Lead 110cc duoc lya chon 1am doi tuong dé nghién ctru, cdi tao tu
mot chiéc xe chay xang thong thudng thanh xe mdy hybrid 02 banh dung 02 ngudn
nang lugng xang — dién. Dé thiét ké cai tao mot chiéc xe may thong thuong thanh xe
may hybrid, tly vao ciu hinh truyén dong duoc Iya chon ma cac thiét bi gan thém 1én
xe nén nhu: dong co dién, ic quy/pin, may phat, bd chuyén doi dién, mach diéu khién
va phan phodi cong suit, v.v...

a) Yéu ciu

Xe Hondalead sau cai tao cin phai dap ing cac yéu cau ky thuat sau:

- Xe sau cai tao phai c6 kha ning giam suét tiéu hao nhién liéu cua dong co
nhiét va giam phat thai khi gdy 6 nhiém méi trudong, déng thoi xe van phai dap Gmg
cac tinh nang dong lyc hoc nhu cua xe trudce cai tao khi sir dung trong diéu kién giao
thong duong bd tai Viét Nam.

- C6 kich thudc phi hop cac tiéu chuan hién hanh quy dinh bdi luat giao thong
duong bd Viét Nam.

- Han ché thay doi két cAu cua xe nén, xe cai tao can co két cau don gian, gia
thanh cai tao phai thap va pht hop véi trinh do cong nghé ciia Viét Nam.

- [t phai bao tri, bao dudng.

Khi chi hoat dong v6i dong co di¢n xe may lai phai dap ung céc tinh nang:

- Xe ¢6 kha ning dat dugc van toc 40 km/h trong diéu kién duong bang, day tai
(02 nguoi), va hé s6 can lan £=0,018.

- O ché d6 hoat dong ¢ van tde thép, xe ¢0 kha nang leo dbc véi @6 doc 1a 2%.
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- Quing dudng hoat dong lién tuc: xe cai tao c6 thé di chuyén it nhat 40 km
trong diéu kién giao thong d6 thi Viét Nam ma khong can sac lai 4c quy.

b) Phuong dn cdi tao

Trong nghién ctru ndy, déng co dién mot chiéu khong chéi than loai gin lién
v6i banh xe (BLDC Hub-Motor) dugc chon dé tich hop cho xe may hybrid do tinh

tién loi cua khi tich hop cho cac phuong tién khéng c6 nhiéu khoang khéng.

Bo diéu khién PMS
Pin Li-ion 48V-33Ah

Pong co BLDC
48V-1000W

Hinh 2.13: Phuong an cai tao xe Honda Lead 110cc thanh xe hybrid

Do két ciu truyén dong cua xe nén Honda Lead 110cc ¢ truc banh xe quay
cing v&i cum banh xe va yéu cau thiét ké phai it thay doi két cdu cua xe nén dé giam
gia thanh xe cai tao, dong co dién dugc dit truc tiép tai banh trudce, banh sau dugc
dan dong bang hé dan dong nguyén ban cua xe.

Pong co dién mot chiéu khong chdi than BLW-16B [48] cua hing Leaf Motor
Technology Co. Ltd., véi cong suat 1000W duoc lua chon dit vao vi tri banh trudc.

DPong co dién trude ddy duoc cAp ngudn bang 04 dc quy CSB-EVX12300 12V-
30Ah mic ndi tiép nhau dit trong hoc chira d6 ctia xe. Nay thay thé bang bo pin Li-
ion 48V-33Ah.
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Ac quy (pin) dugc sac bang may phat do dong co ddt trong dan dong. May phét
nay c6 cong suat bang tong cong suét ciia may phat nguyén ban va cong suét nap cho
dc quy (pin) 1a 250W. Tuy nhién viéc thiét ké bd tri thém mdy phat 14 khong kha thi
nén trong nghién ciru ndy chon cu hinh Plug-in Hybrid.

Ca hai banh déu c6 thé cung cip luc kéo riéng r& hodc dong thoi tiy vao didu
kién hoat dong cua xe.

Nhu vay, hé thong hybrid kiéu song song voi hai banh dan dong boi hai ngudn
dong luc doc l1ap duoc lua chon lam phuong an thiét ké dé cai tao xe nén Honda Lead

110cc thanh xe may hybrid.

Front wheel with
)_ Hub motor
Control |,
unit
N
DC Motor 4—1'/
Controller Battery
(48V)

Charger 4
Controller P

hY Y

Ignition
l_ system
] IC
e
Engine
—1 Alternator Starter Motor

Continuously
variable Battery
transmission (12v)
(with pulleys
and belt drive)
l,-
| 4 Signals from
X, f,; control unit
L - Power supply
i
Rear wheel

Hinh 2.14: CAu trc cta xe sau cai tao [43]
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¢) Thong so cua xe trudc va sau cdi tao

Bang 2.1: Théng s cua xe Honda Lead 110cc trude va sau cai tao [49]

Xe Honda Lead

Xe Honda Lead

Théng s .
110cc hybrid
Chiéu dai (mm) 1838 1838
o o Chiéu réng (mm) 668 668
E § Chiéu cao (mm) 1125 1125
- - ,
§ \(E Chicu dai co sé (mm) 1274 1274
MM Khoang sang gam xe (mm) 115 115
Trong luong (kg) 115 173
Ban kinh banh xe trudc 234,3 mm 234,3 mm
= Ban kinh banh xe sau 217 mm 217 mm
g Heé thong phanh banh trudc Phanh dia thay luc Phanh dia thay luc
an . ;
5 Hé théng phanh bénh sau Phanflrilrllc;c tang Pham:i,:(;c tang
Dung tich binh xdng 6,51 6,51
PGM - FI, xang, 4 PGM - FI, xang, 4
Loai dong co ky, 1 xy lanh, lam ky, 1 xy lanh, lam
mat bang dung dich | mat bang dung dich
Duong kinh piston 50 mm 50 mm
Hanh trinh piston 55 mm 55 mm
Dung tich xy lanh 108 cm3 108 cm3
3 Ty s nén 111 11:1
%’f Cong suat cuc dai 6,4 kW tai 7500 rpm | 6,4 kW tai 7500 rpm
= Moment cuc dai 9,2 Nm tai 6000 rpm | 9,2 Nm tai 6000 rpm
Heé thong ly hop Ma sat kho Ma sét khd
Hé thong khoi dong Dién bién
May phat xoay chiéu May phat xoay
Hé théng cung cap dién 3 pha 220 W tai chiéu 3 pha 220 W
5000 rpm tai 5000 rpm
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) ) Dong co BLDC dat
Loai dong co di¢n )
£ trong banh xe trudec.
‘E Cong suét cuc dai 1037,72 W/497 rpm
:,3 Moment cuc dai 24,09 Nm
=
8' bién ap dinh muc 48V
Dong dién cuc dai 25,55 A
Ly hop kho, kiéuly | Ly hop kho, kiéu ly
Ly hop
o8 g hop ly tdm ty dong hop ly tam ty dong
& & | Tisb truyén hop s6 CVT 2,59:1-0,88:1 2,59:1-0,88:1
~—
(E' = Ti s6 truyén truyén luc
s | 9,432 9,432
cudi cung
-, Ac quy chi — acid
Loai ac quy
12V 30Ah
£ [Kich thude (D x R xC) 166 x 175 x 125 mm
)%D Dong phong cuc dai 400 A (5s)
= .
s Dong nap cuc dai 9A
= 4% z _Z.
= . ac quy mac noi
= S6 lugng .
a0 tlép
=
S May phat 250W
E" . _ (HEM) hodc luéi
Nguon dién sac pin
dién dan dung
(PHEV)

2.2. Cac ngudn lwu trir ning lwong dang sir dung cho xe dién va xe lai.

Véi sy phat trién ctia cong nghiép dién, dién tir va ciing nhu cac vat dung cam
tay va di dong, cac ngudn luu trir ning luong dién ciing dugc nghién ciru dé ché tao
ra nhitng b nguén dién véi kich thudc, khoi lugng nho gon, mat do nang lugng cao,
gi4 thanh ré, hoat dong tin cdy, c6 tudi tho 1au dai dong thoi it gdy 6 nhiém méi trudng

va an toan cho nguoi st dung. Hién nay cac ngudn nang lugng dugc dung cho xe dién
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va xe lai chu yéu 14 4c quy axit — chi. Tuy nhién do mat d6 ning luong riéng khong
cao va chit thai gay 6 nhiém moi truong nén pin nhién liéu (Fuel cell) va pin Lithium
— ion dang ngay cang duoc st dung dé thay thé.

2.2.1. Ac quy Axit - chi

Ac quy axit - chi 1a mot thiét bi dién hod thuan nghich, dung dé bién d6i ning
lwong dudi dang dién nang thanh hoa ning (khi nap) va nguoc lai bién hod ning thanh
dién nang (khi phong). Vi cac dién cuc dugc 1am bang chi (Pb) va O xit chi (PbO?)
duogc dat trong dung dich axit Sulfuric (H2SOs).

a). Ciu tao

Binh ic quy duoc chia thanh nhiéu ngan, thong thuong 13 3, 6, 12 ngin nhung
thuong gip nhat 13 loai 6 ngan. Mdi ngan ac quy don cho dién ap 1a 2V. Nhu vay,
néu dem d4u ndi tiép ca 6 ngin véi nhau ta s& ¢ bo ngudn ac quy 1a 12V.

Vo binh 4c quy duoc ché tao béng vat li¢u ctirng c6 tinh chiu axit, chiu nhiét, do
d6 ma nguoi ta duc bang nhya cing hodc ebonite. Phia trong vo binh ¢6 cac vach
ngin dé tao thanh cic ngin riéng biét, mdi ngin riéng biét goi 13 mot dc quy don.
Dudi day binh ta 1am hai yén d& goi 12 yén d& ban cuc. Muc dich 1a dé cac ban cuc
ty 1én d0, tranh bi ngan mach khi trong ddy binh c6 ling dong cac cin ban.

Cac ban cuc thuong cé cdu trac phang, dep, dang khung luéi duoc 1am bang
hop kim Pb-Sb (Chi- Antimon) c6 nhdi chat don 13 cac hat hoa chét tich cyc. Trén
mit ban cuc c¢6 gin cac xuwong doc va xwong ngang dé ting do cing viing va tao ra
céc 6 cho chat hoat tinh bam trén ban cuc. Néu ban cuc duong thi chit hoat tinh dé
phu vao khung 6 trén ban cuc la dioxit chi. Néu 1a ban cuc Am thi chét hoat tinh dugc
str dung 1a chi xdp. Khi dcquy hoat dong chét hoat tinh tham gia dong thoi vao céac
phan mg ho4 hoc cang nhiéu cang tbt, do d6 dé tang bé mit tiép xiic clia cac chat
hoat tinh véi dung dich dién phan, nguoi ta ché tao chat hoat tinh c6 do xép, déng
thoi dem ghép nhiing tAm cyc cing tén song song v4i nhau thanh moét chum cuc ¢

trong moOi ngan cua acquy don.
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Chum ban cyc duwong va chum ban cuc 4m dugce 1dng xen k& nhau nhung giira
hai ban cuc khac tén lai duge dit thém mot tAm cach, tim cach duge 1am tir chat cach
dién dé cach dién giira hai ban cuc nhu nhya x6p, thuy tinh hay gb.

Phan nip ctia dc quy dé che kin nhitng bo phan bén trong binh, ngin ngira bui
va cac vat khac tir bén ngoai roi vao bén trong binh, dong thoi giir cho dung dich dién
phan khong bi tran ra ngoai. Trén nap binh c6 cac 16 dé d6 va kiém tra dung dich dién
phan, cac 16 nay duoc nut kin bang cac nut c6 16 thong hoi nhé. O mét sé loai 4c quy
16 théng hoi c6 thé dugc ché tao riéng biét.

Dé dam bao vé d6 kin ctia binh dc quy, xung quanh mép ctia nip ic quy va xung
quanh cac 16 cuc dau ra, ngudi ta thudng trat nhua chuyén dung. Dung dich dién phan
dung trong dcquy thuong 14 hdn hop axit sunfuric H2SO4 dugc pha ché theo ty 1é nhat
dinh v&i nudc cat.

b). Nguyén ly hoat dong

- Qua trinh nap:

Khi dcquy da duogce lip rap xong, ta 6 dung dich axit sunfuaric H,SO4 vao céc
ngan binh thi trén cac ban cyc s€ sinh ra 16p moéng chi sunfat PbSOa. Vi chi tac dung
v6i axit theo phan Gng:

PbO + H2SO4 — PbSO4 + H20

Pem ndi ngudn dién mot chiéu vao hai dau cyc cua dcquy thi dong dién mot
chiéu duoc khép kin qua mach dcquy va dong dién di theo chiéu: Cuc dwong cua
nguén mot chiéu di dén dung dich dién phan rdi qua dau cuc hai cua dcquy dén cuc
am cua nguén dién mot chiéu. Dong dién mot chiéu s& 1am cho dung dich dién phan
(Dung dich dién phan 13 dung dich c6 nong do (1.22 + 1.27) g/cm3, hodc (1.29 +
1.31) g/cm3 néu & vung khi hiu lanh) phén ly theo phwong trinh sau:

H2S0s — 2H* + SO?%4

Cation H* theo dong dién di vé phia ban cuc ndi v6i Am nguén dién va tao thanh

phén g tai do:

2H* + PbSO4 — H2SO4 + Pb

38



Cac anion SO chay vé phia chim ban cuc ndi véi duwong ngudn dién va ciing
tao thanh phan Ung tai do:

PbSO4 + H,0 + SO%4 — PbO7 + 2H2S04

Két qua 13 & ban cuc ndi véi duwong ngudn dién c6 chi dioxit PbO2 va ¢ chum
ban cuc kia c6 chi Pb, nhu vay ¢ hai chiim ban cuc di ¢6 sy khac nhau vé cuc tinh.

Tir cac phan tng héa hoc trén ta thiy qué trinh nap dién da tao ra luong axit
sunfuric H2S04 b6 sung vao dung dich dién phan, dong thoi trong qua trinh nap dién
dong dién con phan tich ra trong dung dich dién phan khi hydro Hz va oxy Oa, luong
khi nay sui 1én nhu bot nude va bay di, do d6 ndng d6 cta dung dich dién phan trong
qua trinh nap dién duoc tang 1én.

Acquy dugc coi 13 da nap day khi quan sat thay dung dich sui bot déu (goi d6 1a
hién tuong s6i). Luc d6 ta c6 thé ngit ngudn nap va xem nhu qua trinh nap dién cho
acquy da hoan thanh.

- Qua trinh phéng:

Trong qua trinh phong dién, hai ban cuc tir Pb va PbO, bién thanh PbSO4. Nhu
vay khi phong dién axit sulfuric bi hap thu dé tao thanh PbSO4, nudc duge tao ra 1am
cho axit sulfuric bi lodng. Cuc duong nhan thém electron va cuc am thiéu electron.
Khi néi hai cuc véi tai dién, dong electron tir do sé tir cuc duong theo day dan qua tai
vé cuc 4m va tao thanh dong dién co chiéu nguoc chiéu v&i chiéu chuyén dong cua
cac electron tu do.

Néu ta ndi hai ban cuc cua ic quy da duoc nap dién voi mét phu tai ¢ day la
mot bong dén thi ning lwong tich trit trong dc quy s& phong qua tai, 1am cho bong
dén sang. Dong dién cua dc quy s& di theo chiéu: Cuc duong cua dc quy (dau cuc da
ndi v6i cuc duong ngudn nap) di dén tai (béng dén) rdi dén cuc 4m cua dc quy tiép
tuc qua dung dich dién phén rdi chay vé cuc duong cua dcquy.

Qua trinh phéng dién, phan tmg hoa hoc xay ra trong ¢ quy nhu sau:

Tai cuc duong:

PbO, + 2H* + H2SO4 + 2e — PbSO4 + 2H20
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Tai cuc am:

Pb + SO%4 — PbSOs + 2¢

Nhu vy khi dc quy phong dién, chi sunfat PbSO4 lai duoc hinh thanh & hai ban
cuc, 1am cho cac ban cuc dan tré lai giéng nhau, con dung dich H2SO4 bi phan thanh
cation 2H* va anion SO?%,, dong thoi qué trinh ciing tao ra nude trong dung dich, do
d6 ndng do cua dung dich giam dan va strc dién dong cia dc quy ciing giam dan.

¢). Nap dc quy

C6 nhiéu phwong phép nap ac quy, dbi véi ac quy axit — chi thi thudng sir dung
ba phuong phap 12 nap dong khong doi, nap ap khong ddi va nap hdn hop:

- Nap dong khéng doi: cho phép chon dong dién nap thich hop vai mdi loai ac
quy, dam bao cho dc quy duoc nap ddy. Pay la phuong phap st dung trong cac xudng
bao dudng sira chita dé nap dién cho cac dc quy mdi hodc nap sira chita cho céc ic
quy bi sunfat hoa. Vi phuong phap nay, cac dc quy duoc mic ndi tiép nhau va dién
4p may nap phai thoa man diéu kién:

Un = 2,7 Nag

Ih=(0,05+0,1) Cxo

Trong do:

Un: Bién 4p nap

In: Dong di¢n nap

Nag: S6 ngin dc quy can nap

Cao0: Dung duong 4c quy tinh theo ché d6 phong 20 gio

Nhuoc diém: Trong qua trinh nap, strc dién dong cua dc quy ting dan, dé duy
tri dong dién nap khong doi ta phai bd tri trong mach nap bién tré R dé thay doi dong
nap. Phuong phap nap voi dong khong doi 1a thoi gian nap kéo dai va yéu cau cic ac
quy dua vao nap c6 cung c¢& dung lugng dinh mirc. Dé khic phuc nhuoc diém thoi
gian nap kéo dai ngudi ta sir dung phuong phap nap véi dong dién nap thay doi hai

hay nhiéu nac.
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Trong truong hop nap hai nic, dong dién nap & nac thi nhét chon bang (0,3 +
0,5) Cao va két thuc nap ¢ nic mot khi dc quy bt dau soéi. Dong dién nap & nic thir
hai bang 0,05 Czo va két thiic khi dién 4p ac quy dat 2,7 V.

- Nap dp khéng doi: yéu ciu cac dc quy duge mic song song véi ngudn nap.
Hiéu dién thé ctia ngudn nap khong ddi va dugce tinh bang ( 2,3 +2,5 )V cho mét ngin
dc quy don. Pay 1a phuong phap nap dién chu yéu cho ic quy lap trén trudng tién
giao thong nhu 6 t6 hodc xe may.

Uu diém: Phuong phéap nap véi dién ap nap khong doi co6 thoi gian nap ngan,
dong dién nap ty dong giam theo thoi gian.

Nhuoc diém: Phuong phap nay ac quy khong dugc nap ddy, vay nap voi dién
ap khong doi chi 13 phuong phap nap bd xung cho 4c quy trong qua trinh sir dung.

- Nap hdn hop (nap dong ap): Pay 1a phuong phap tong hop cta hai phuong
phap trén. Vi phuong phap nay né tan dung dugc nhitng wu diém ciia mdi phuong
phéap.

Dé dam bao cho thoi gian nap ciing nhu hiéu suat nap thi trong khoang thoi gian
tn =8 gid twong tmg véi (75 + 80)% dung luong dc qui ta nap véi dong dién khong
d6i 14 In = 0,1 C1o . Vi theo dic tinh nap ciia dc qui trong doan nap chinh thi khi dong
dién khong doi thi dién ap, strc dién dong tai it thay ddi, do d6 bao dam tinh déng déu
vé tai cho thiét bi nap. Sau thoi gian 8 gid dc qui bat dau sdi lic d6 ta chuyén sang
nap & ché do 6n ap. Khi thoi gian nap dwoc 10 gio thi dc qui bat dau day, ta nap bd
sung thém 2-3 gio.

d). Cdc chii y trong sir dung va bdo qudn

- Suit dién dong cia dc quy:

Eao = 0,84 + yo
Yo =7 - 0,0007(25 —t)

- Hi¢u di¢n thé cua ac quy
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+ Khi phong dién: Up = Ea— Ra.lp
+ Khi nap dién: Un=Ea+ Raln
- Bién tr¢ trong cua c quy : Ra = Rudién cye + Rban cue + Redm ngan + Rdung dich
0= Tn"To
- Do phong dién cua 4c quy : Tn =Ty
- Nang luong ic quy
+ Nang luong ac quy lac phong dién: Wp = 3600.Qp.Up (J)
3600 L i U,
+ Nang luong c quy luc nap dién: Wi = L

- Dung luong dc quy Qp phu thudc vao cuong d6 dong phong Ip

- Dung lugng ac quy phu thudc vao nhiét do

- Dung luong cua dc quy phu thudc vao ndng d6 cia dung dich dién phan

- Dung luong dc quy phu thudc vao thoi gian st dung

- Hién tuong tu phong dién trong ac quy axit — chi.

2.2.2. Pin nhién li¢u (Fuel-cell)

Céc té bao nhién liéu ( fuel cell), hay con goi 13 pin nhién liéu, bién d6i ning
luong hoa hoc cua nhién lidu (nhu Hydro, Methanol...) truc tiép thanh ning lugng
dién. Khong gidng nhu pin hodc dc quy, té bao nhién lidu khong bi mat dién va ciing
khong c6 kha nang tich dién, hoat dong lién tuc khi nhién li¢u va chat oxy hoéa dugc
dua tr ngoai vao.

Pin nhién liéu 1a loai thiét bi ning lugng c6 mirc thai 6 nhiém gan nhu bang
khong, khong thai ra cac chit gay 6 nhiém mai trudng tuy nhién cong nghé ché tao
phtec tap nén gia thanh kha dit.

a). Céu tgo

Mot pin nhién liéu hydro c¢6 cu tao don gian bao gdm ba 16p nam trén nhau:

- Lép tht nhét 13 dién cyc nhién liéu (cuc duong)
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- Lép thu hai 1a chat dién phan dan ion

- Lép thir ba 1a dién cuc khi oxy (cuc am).

Hai dién cuc duoc 1am bang chat dan dién (kim loai than chi ).

Ngoai ra, h¢ théng déy du can c6 cac thiét bi phu trg nhu may nén, may bom,
dé cung cip cac khi dau vao, may trao doi nhiét, hé thdng kiém tra cac yéu cau, su
chéc chan ciia su van hanh may, hé thong du trit va diéu ché tai sir dung nhién liéu.

b). Nguyén ly hoat dong

V& phuong dién hoa hoc, nguyén 1y hoat dong ctia té bao pin nhién liéu 1a phan
ung nguoc lai cua sy dién phan. Trong qua trinh dién phan nudc bi tach ra thanh khi
hidré va khi oxy nho vao niang lugng dién. Fuel cell thyc hién viéc tong hop chinh
hai chét nay bién doi ching thanh nudc, dong thoi phét ra dong dién va toa nhiét.

Electric current Electrical Current

o
L E
l*?_A_!!J_ Excess Fuel | © e Water and
Fuel in |{-' l Air in and CO, Heat out
—= " = P oy HT ==
.' Q &
2] jeu ch +H o
ehy | > Hl gl
H; S f
I ﬁ U:l ‘E: ¥ H ¢:
+
H™ | = | Unused ° LS. e
Excess ":" air, water, el @i
fuel out 20 and heat A
— ] e HY —
<= 4 <=
L il ot Fuel n / : A Arr In
; f] L] .. f I \
Anod EE lec |:| roly tELd thode Anode  Electrolyte Cathode

Hinh 2.15: Nguyén Iy hoat dong cua Fuel cell Hydro va Fuel cell Methanol
¢). Ung dung ciia pin nhién ligu
Do ¢6 gia thanh cao nén pin nhién liéu ban dau duoc Gtng dung han ché trong
nhirng linh vyc ma gia thanh khong dong vai tro quan trong nhu quén sy, thong tin

vién thong, y té...
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Pin nhién liéu nhe va hiéu qua hon ic quy dong thoi dang tin ciy va it 6 nhiém
tiéng 6n cling nhu khi thai hon dong co dong co d6t trong nén dang duge diy manh
vao linh vuc giao thong van tai sach va bén viing do lwong dau mo trén Trai Pt 1a
c¢6 han. Nhiéu hing san xuit xe dd nghién ciru vé xe c6 nhién liéu 13 hidrd, st dung
pin nhién liéu dé chuyén hoa ning luong va dung dong co dién dé van hanh. K¥ thuat
nay di dugc phat trién cho xe buyt, xe du lich, xe tai nhe.

Do viéc toa nhiét di kém véi phat di€n nén pin nhién li¢u st dung khi dbt dang
¢6 su chiém linh thi truong manh trong viéc két hop phat dién va sudi.

Mot s6 vat dung cam tay nhu dién thoai di dong may vi tinh x4ch tay, may quay
phim, vat liéu cim trai hay quén sy ciing dang tién t6i tng dung loai ngudn cung cap
nang luong nay.

2.2.3. Pin Li-ion.

Pin Lithium - ion (Li-ion) la mét loai pin dién hoa thuan nghich, trong d6 cac
ion Li* di chuyén tir dién cuc am dén cuc duong trong qué trinh phdng, va nguoc lai
khi nap dién.

a). Ciu tao

Pin Li-ion c6 ciu tao gém 4 phﬁn chinh: dién cuc am, dién cuc duong, mang

ngan cach dién va chat dién phan:

Top Cap Gasket  pre
(Positive Terminal) Vent

Steel-Can
(Negative Terminal)

Bottom Insulator

Anode Tab

©2006 HowStufWorks

Hinh 2.16: Céu tao pin Li-ion hinh tru [34]
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- Pién cuc 4m (Anode): thudng dugc ndi véi vo pin va duoc 1am tir graphit
(than chi) ¢6 chirc nang luu giit cic ion Li* trong tinh thé.

- Pién cue duong (Cathode) thudng dugc cdu thanh tir mot 16p oxit (nhu lithium
cobalt oxide), mot polyanion (nhu lithium sit photphat), hodc mét spinel (nhu lithium
oxit mangan). Khi c6 dong dién chay qua, nguyén tir lithium dé dang tach khoi cau
tric tao thanh ion duong Li".

- Mang ngan cach dién (separator) 13 mang mong duoc lam bang nhwa PE hoic
PP nam giira cuc duong va cuc 4m, ¢6 nhiéu 16 nhé ¢ chirc ning ngin cach giira cuc
duong va cyc Am nhung van cho cac ion Li* di qua. Mot sd pin mang ngin cach c6
kha nang khit lai khi nhiét d¢ cao, khong cho Li* di qua.

- Chét dién phan (Electrolyte): thudng 14 chét long chtra hdn hop ctia cachonat
hitu co nhu ethylene cacbonat hoac diethyl cacbonat chira phuc hop cia cac ion
lithium. Tuy thudc vao vat licu ché tao ma dién ap, cong suét, s6 chu ky phéng — nap
va an toan cua pin Li-ion c6 thé thay d6i dang ké. Gan day, kién tric moi st dung
cong nghé nano da dugc sir dung dé cai thién hiéu suit cua pin.

Lithium tinh khiét phan tmg manh v&i nudc dé tao thanh lithium hydroxide va
khi hydro. Vi vy, pin Li-ion ludn st dung chat dién phan khéng c6 nudc (thdp hon
0.001%) va dugc dong goi trong mot 16p vo kin va chic chan. Ngoai ra, pin Li-ion
c6 thé duoc ché tao c6 16 thoat khi dé tranh pin bi nd khi ap suit bén trong ting cao.

b). Nguyén ly hoat dong

- Qua trinh ngp: dat mot dién ap mat chiéu vao hai cuc pin, qua trinh nap dién
ra nhu sau:

Tai cuc duong xay ra hién tuong dién phan khién nguyén tir Li bi tach ra tao
thanh ion Li*. Duéi tic dong cua dién trudng tao ra do hiéu dién thé mot chiéu 4p 1én
cuc duong va 4m khién cac ion Li* chuyén dong tir cuc duong sang cuc am va bi gt
lai trong cac mang tinh thé cacbon tai cyrc am.

Trong qua trinh nap, sy di chuyén ciia ion Li* tir cuc duong sang cuc 4m hinh

thanh nén mot hiéu dién thé gifra 2 cuc.
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Hinh 2.17: Qua trinh nap pin Li-ion [34]
- Qua tri phong (x4): ndi tai tiéu thu vao gitra hai cuc s¢€ xuét hién dong di¢n
chay qua tai va cac ion Li* ciing thoat ra khoi céc tinh thé cacbon & cuc 4m va chuyén

dong vé cuc duong.

Electrolvte

Hinh 2.18: Qua trinh xa pin Li-ion [34]

Céc ion Li* bat ddu di chuyén tir cuc duong sang cuc am khi dién ap pin khoang
3V va rat it di chuyén khi dién ap pin 16n hon 4.2V do vay khi xa khong duoc xa khi
dién ap cell xuéng dudi 3V cac thiét bi nap pin Li-ion thuong duy tri dién ap nap cao
nhat1a4.2 V.

C). Ché dé nap

Do ban chat hoa hoc nén pin Li-ion khong thé nap theo phwong phap binh

thudng nhu dc quy hay pin Nikel ma c¢6 chu trinh nap riéng.
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Chu trinh nap pin Li-ion gdm 02 giai doan: Giai doan nap 6n dong va giai doan
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Hinh 2.19: Chu trinh nap pin Li-ion [39]

- Nap 6n dong: dong dién nap duoc giit khong doi bang C/2 dén C. Dong dién
nap cang 16n, giai doan nap 6n dong cang ngan nhung giai doan nap 6n ap s& cang
dai. Tuy vay, tong thoi gian nap ca 2 giai doan thudng khong qua 3h. Pong thoi, dong
dién 16n s€ lam tang nhié¢t d§ cua pin. Trong qua trinh nap can theo ddi nhiét do sat
sao vi nhiét 46 qué cao s& c6 thé 1am cho pin bdc chay hodc phat nd. Thong thuong,
nhiét 6 khong nén vuot quéa 45°C trir mot sb pin Li-ion str dung cong nghé lithium-
ferro-photphat (LiFePO4) ¢ thé day nhiét do khi nap 1én dén 60°C. Trong qua trinh
nap on dong, dién ap trén hai dién cuc cua pin tang dan. Khi dién ap nap béng suc
dién dong cua pin luc day, bo nap két thuc qua trinh nap 6n dong va chuyén sang ché
d6 nap 6n ap. Toan bo thdi gian nap 6n dong thuong kéo dai tdi da khoang 1h (tuy
thudc vao dung lugng con lai ban du cua pin). Két thuc qua trinh nap 6n dong, dung
lugng pin da phuc hdi duge khoang 70%.

- Nap 6n dp: trong ché d6 nap 6n 4p, dién ap nap thuong duoc gitr khong doi
bang 4,2V/cell. Do dung lugng cta pin phuc hdi dan, stc dién dong ctia pin ting 1én
1am cho dong dién giam dan. Khi dong dién giam vé nho hon 3%C, ché d6 nap 6n ap
két thuc. Lic nay, dung luong pin dat khoang 99%.

Khac véi pin Nikel hodc accu acid-chi, pin Li-ion khong can va ciing khong

dugc phép duy tri viéc nap sau khi pin da ddy vi tinh chét ctia Lithium-ion khéng cho

47



phép over-charge; néu van cb over-charge pin s& sinh nhiét va khi CO2 lam ting ap
sut trong pin va gay ra n6. Ngoai ra, khong dugc nap pin Li-ion vuot qué 100% dung
luong.

Thong thuong, pin Li-ion chi nén hoat dong (sac/xa) & vung dién ap duogc thiét
ké (3 + 4.2V/cell). Tuy nhién, trong mot sd truong hop, khi pin da day ma van tiép
tuc nap, dién ap pin s€ dang 1én cao hon 4.3V. Lic nay, pin goi la bi over-charging.

Khi dién ap pin nim ngoai ving lam viéc an toan (trén 4.2V/cell hoic dudi
2.5V/cell) hoat dong cta n6 tré nén khong 6n dinh. Céc 16p Lithium Metallic s& hinh
thanh trén cyc duong trong khi cyc 4m s€ bi oxi hda manh lam giam tinh on dinh va
san sinh ra khi CO2 bén trong pin 1am 4p suat trén trong pin sé& ting 1én. Thong thudng,
dé an toan, bo sac can phai ngimng sac ngay khi ap suat trong cell dat 200 psi.

Néu bd nap khong co chic ning theo ddi va bao vé ap suat 16n, do khi CO2
khong ngimg sinh ra, ap suét pin s& tiép tuc ting, dong thdi nhiét do pin cling ting
nhanh. Khi ap suat dat khoang 500 psi, lic nay nhiét d6 pin dat khoang 130° C —
150°C, 16p mang an toan ngin cach cac dién cuc s& bi danh thing va pin s& bi ngén
mach va bat dau boc chay tham chi gay nd [39].

Trong mot sb thiét bi di dong hodc xe dién, nhiéu truong hop can thiét phai bd
sung nang lugng cho pin trong thoi gian ngan, ngudi ta ¢ thé sir dung phuong phap
sac nhanh (quick-charge hay charge-and-run), phuong phap nay chi nap 6n dong va
dung luong pin c6 thé dugc nap day dén 80 — 90% trong thoi gian khoang 1h. Diéu
nay mic du giam dugc thoi gian sac dong thoi 1am cho thiét ké cua bd nap don gian
hon rat nhiéu nhung mat khac s& lam giam tudi tho pin. Dé dam béo tudi tho cia pin,
nha san xuat thuong dwa ra khuyén cdo yéu cau phai tién hanh ca giai doan nap 6n
ap, viéc nay thuong mat thoi gian hon rat nhiéu so véi sac nhanh.

d). Dic diém va tiém ning irng dung

Uu diém:

- Pin Li-ion c6 khéi lwong va kich thudc nho.

- C6 s6 chu ky nap-xa 16n, khoang 500-3000 lan.
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- Pin ¢6 tudi tho khoang 5 — 10 nam.

- L4 loai pin c6 mét d6 ning lugng cao (> 500Wh/kg), mot s6 loai pin Li-ion c6
thé dat trén1800Wh/kg [34].

- Khéng c6 hiéu tmg nhé nén c6 thé sac bat ky luc nao ma khong nhat thiét phai

doi xa hét dung luong méi nap lai.

- Dong xa 16n, ¢6 thé 1én dén 30-35 1an dung luong (C) trong thoi gian ngin.

- Dong nap tirc thoi ¢6 thé 16n dén 10C.

Nhuege diém:

- Pin ¢6 hiéu ung tu xa, khoang 5-10%/thang.

- Khi dién ap pin thap dudi 3V hodc cao qua 4,2V c6 thé lam hong pin.

- C6 gia thanh twong ddi cao, khoang 300-500$/kWh.

- Rét nhay cam va dé hu hong bdi nhiét, chi nén dung pin & nhiét do -10 — 45°C

va khong dugc vuot qua 60°C.

Tiém néng iing dung:

Khi méi ra doi thi pin Li-ion chu yéu dugc st dung lam nguon dién cho cac

thiét bi di dong nhu: dién thoai di dong, may tinh xach tay, cac thiét bi giai tri da

phuong tién,... Tuy nhién véi cac wu diém nodi trdi thi pin Li-ion ngdy cang dugc st

dung rong rai cho céc loai xe dién va xe lai. Tinh dén nam 2014 thi 73% thi truong

pin Li-ion 1a cung cap cho xe dién va xe lai.
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Hinh 2.20: Thi truong pin Li-ion 2008 — 2014 [50]
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2.3. Ly thuyét vé mé hinh héa va mé phéng.

2.3.1 Khai niém, vai tro ciaa mé hinh héa va mé phéng hé théng

a). Cac khai ni¢m

M6 hinh héa la hanh dong dung dé chi viéc dung cac md hinh dé thay thé cho
mot dbi twong goc nham tién hanh tinh toan va thuc nghiém trén mé hinh dé thu thap
cac théng tin vé& ddi twong sao cho qua trinh tinh toan thuc nghiém xay ra trén mo
hinh thé nao thi xay ra trén d6i twong goc nhu vay.

Trong do:

- Béi twong 14 tit ca nhirng s vat, hién trong ma hoat dong cia con ngudi tac
dong hoic mong mudn tac dong téi nham tim ra quy luat hoat dong hoac thudc tinh
dé nghién cu, tim hiéu, cai tao ddi twong do.

- Hé thdng la tap hop nhitng d6i twong c6 méi quan hé nhat dinh véi nhau trong
van dé nghién ctu.

- Trang thai caa hé thdng 12 tap hop cac thudc tinh, tham sd, bién s dé miéu ta
hé théng tai mot thoi diém véi nhimg diéu kién nhét dinh

- M6 hinh 1a cac so d6, vat mau dé phan anh mét, mot nhém hoac tat ca cac
thudc tinh cua d6i tugng ma con ngudi can nghién ciru dé thay thé cho viéc nghién
ctru trén dbi tuong that.

M6 phong 1a qué trinh xay dung md hinh cua hé thdng thuc va tién hanh tinh
toan thuc nghiém trén mé hinh nham tim ra trang thai cua hé thong & mot thoi diém
nao d6 dé giai thich, du doan hanh vi va d4p ung cua hé thdng thyc.

b). Vai tro cia md hinh héa va mé phong

- Cho phép nghién ctu hé théng ngay ca khi chua c6 hé théng thuc. Trong
truong hop nay, viéc nghién cieu trén md hinh 14 giai phép duy nhat dé danh gia cac
chi tiéu k¥ thuat cta hé thng, lya chon ciu tric va thong sé t6i uu cia hé thong. ..

- Cho phép quan sat, phan tich, danh gia do muc do dap tng caa hé théng khi

thay d6i tham s dau vao hoic cau tric cua hé théng ciing nhu thay d6i tin hiéu diéu
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khién. Nhitng s6 liéu nay dung dé thiét ké hé thdng hoic lya chon thdng s téi wu dé
van hanh hé thong hoat dong mot cach hiéu qua nhét.

- Trong mét sé truong hop, nghién ctu trén hé théng that khéng kha quan do
nhiéu nguyén nhan nhu: gia thanh nghién ctru trén hé thdng thuc qué dat, doi hoi thoi
gian qua dai, ton nhiéu cong sic, hoic khong thé 1am thuc nghiém trén hé théng
thue. .. thi luc ndy phuong phap mé hinh héa va mé phong hé théng duoc st dung.

2.3.2 Phén loai mé hinh hoa

Trong phuong phap md hinh héa, mé hinh phai dat duoc hai tinh chat co ban 13
tinh dong nhat va tinh thuc dung:

- Tinh dong nhat: mé hinh phai dong nhat vai dbi tugng ma no thay thé trong
hé thdng theo nhiing tiéu chuan dinh trudc.

- Tinh thyc dung: Str dung mé hinh phai nghién ctru dugc cac thudc tinh can
nghién cau cua ddi tuong.

Muén ting tinh dong nhat trong md hinh phai dua vao nhiéu yéu té phan énh
day du cac thudc tinh cia d6i twong. Nhung diéu d6 lai 1am cho md hinh trg nén qué
phtic tap tham chi khdng thé tinh toan duoc, mét di tinh chat thuc dung cua né. Nhung
néu qué chu trong tinh thuc dung, xay dung md hinh qua don gian thi sai léch giira
mo hinh va dbi tuong thuc s& Ion, diéu d6 s& din dén két qua thu duoc khi nghién
cuu, tinh todn, mdé phong khdng chinh x&c.

Vi vy, tly thudc vao muc dich nghién ciru ma nguoi ta lva chon tinh déng nhit
va tinh thuc dung cia mé hinh mét cach thich hop.

Trong nghién ctru, mo hinh hoa dugc chia 1am hai phuong phap dién hinh 1a mo
hinh vat ly va mé hinh toan hoc.

- M6 hinh vat ly: 12 loai m6 hinh dwgc ciu tao bai cac phan tir vat ly. Cac thudc
tinh cua d6i tugng phan anh cac dinh luat vat ly xay ra trong mé hinh. Nhém mé hinh
vat ly dugc chia thanh mé hinh thu nho va mo hinh twong tu. M6 hinh vat ly thu nho
cd cAu tao giéng d6i twong thuc nhung c6 kich thudc nho hon cho phu hop véi diéu

kién cua phong thi nghiém. M6 hinh vat 1y twong ty duoc cau tao bang cac phan tir
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vat Iy khong gidng vai dbi tegng thuc nhung cac qua trinh xay ra trong mo hinh twong
duong v6i qua trinh xay ra trong d6i twong thuc

- M6 hinh toan hoc: la loai mé hinh triru twong. Cac thudc tinh duoc phan anh
bang cac biéu thirc, phuong trinh todn hoc. Md hinh toan hoc dugc chia thanh mo
hinh giai tich va md hinh sb.

+ M6 hinh giai tich duoc xay dung béi cac biéu thuc giai tich. Uu diém cua
loai m hinh 1a cho ta két qua rd rang, tong quat. Nhuoc diém cua md hinh giai tich
1a thuong phai chip nhan mot sé gia thiét don gian hoa dé co thé biéu dién dbi twong
thuc bang céc biéu thic giai tich, vi vay loai md hinh nay chu yéu dugc dung cho cac
hé tién dinh va tuyén tinh

+ M6 hinh sb dugc xay dung theo phuong phap sb tic 13 bang cac chuong
trinh chay trén may tinh s6. Ngay nay, nho su phat trién cua ki thuat may tinh va
cdng nghé thong tin, ngudi ta di xay dung duoc cac mé hinh sé c6 thé mé phong
duoc qué trinh hoat dong cua dbi twong thuc. Cac mé hinh loai nay duoc goi 12 md
hinh mé phong. Uu diém ciia md hinh mé phong 1a c6 thé mo ta cac yéu té ngau
nhién va tinh phi tuyén cua dbi tuong thuc, do d6 mé hinh cang gan vai dbi tuong
thuc va két qua khi md phong cang sét vai thuc nghiém.

Ngay nay, do su phat trién manh mé& cua cong nghé thong tin di cho ra doi nhiéu
may tinh, tham chi 1a cac siéu mdy tinh c6 kha ning xtr Iy nhiéu bai toan phirc tap
trong thoi gian ngan ma néu tinh toan thil céng s& tén rat nhiéu thoi gian va céng sirc
nén moé hinh mo phong duoc ing dung rat rong rai.

2.3.3 Phuwong phap mé phéng

Phuong phap mé phong dugc tng dung vao nhiéu giai doan khéac nhau cua viéc
nghién ctu, thiét ké va van hanh hé thong:

- Giai doan nghién ctru: nham tinh toan, khao sat, danh gia mot sé thugc tinh
cua hé thong truéc khi tién hanh thiét ké nham xac dinh kha ning dap @ng cia hé

thng dbi véi su thay d6i cau trdc va tham sb caa hé théng
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- Giai doan thiét ké hé thong: nham phan tich va tong hop cac phuong an thiét
ké hé théng, lua chon ciu truc hé thong thoa mén cac chi tiéu cho truéc.

- Giai doan van hanh hé théng: nham danh gia kha ning hoat dong, ting kha
nang van hanh ti wu, chan doan cac trang thai & mot thoi diém hay mét vi tri dac biét
cua hé thong.

2.4. Ly thuyét t6i wu.

2.4.1. Phuong phap qui hoach dong.

Phuong phép quy hoach dong do Bellman d& xuat nam 1957, 1a mot dang thuét
toan xéac dinh ddy gia tri diéu khién t6i uu dé toi thiéu chi tiéu chat lugng thong qua
viéc chia bai toan tdi wu hoa toan cuc thanh cac bai toan con twong tu hodc cac bai
toan con gdi nhau. Phuong phap nay dwa trén nguyén 1y t6i vu do Bellman gi6i thiéu.
Nguyén Iy t6i wu Bellman duoc phét biéu nhu sau: “Mdi doan cudi ctia quy dao trang
thai toi wu ciing 14 mot quy dao trang thai toi vu”.

Bai to4n t6i uu hoa dién hinh cho phuong phap quy hoach dong 1a bai toan tim
duong di ngan nhat: “Tim duong di ngan nhat tir A dén J, cho biét mang ludi duong

nhu hinh vé:”

Hinh 2.21: Vi du bai toan tim dudng di ngan nhat

Ap dung nguyén 1y t6i vu Bellman, dudong di ngan nhat duoc tir nat dich dén
nat dau. Bai toan duoc phan tich thanh céc budc tur 1 dén 5. Ki hiéu Ny 1a niit ther i &
bude k, Ji(Ny;) la khoang cach ngén nhét tir nit Nii dén niit J, d(Ny;, Niyq ;) 12

khoang cach tir nat Nii dén ntt Nis1,.
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Phuong trinh Bellman thé hién dudng di ngan nhat tir nit Nk dén ntt J nhu sau:

Ji W) = min{d(Nig, Nix1,7) + Jiers (Niewn )} (2.2)

Dé giai phuwong trinh Bellman, thyc hién theo hai vong

- Vong nguoc: di nguoc tir nit cudi dén nat dau dé tim doan duong cudi ngan
nhat.

Budc 5: bit dau tir nut dich: J(Ns;) = 0

Budc 4: doan dudng ngin nhit tir nut Nag hoiic Naz dén dich:

Ji(N4y) = d(Nyq, Nsq) + J5(N51) =3 (2.2)

Ji(N4z) = d(Nyp, Ns1) + J5(N5y) = 4 (2.3)

Budc 3: doan dudng ngan nhat tir nat N3 dén nut dich, st dung két qua tdi wu
tim duoc ¢ budc 4:

J5(Nap) = min{d(Ns;, Naj) +Ji(Naj)} - (24)

Bang 2.2: Xé4c dinh doan duong ngan nhat tir nut N3j dén nut dich

Tir nit N d(Ns;, Naj) + Ji(Nayj) V) Doan dudng ngén nhat
Na1 Na2 tir nut Nai dén Ny;
N31 1+3=4 4+4=8 4 Na1
N3 6+3=9 4+3=7 7 Na2
N33 3+3=6 3+4=7 3 Na1

Buodc 2: Xac dinh doan duong ngén nhét tir nat N2i dén nat dich, st dung két
qua t6i vu tim duoc & budce 3
J3(Ny;) = min{d(NZi»N3j) +]§(N3j)} (2.5)

Bang 2.3: X4c dinh doan duong ngin nhat tir nut N2 dén nut dich

d(Ny;, N3 ) + J3(N3; Poan dudng ngan
Tur nat Noj (Ve 3]) i( 3]) J5(Ny;) . .
N31 N32 N33 l’lhéit th nﬁt N2i dél’l NSJ
N>21 7+4=11 | 4+7=11 | 6+6=12 11 N31 hodc Ns2
N2 3+4=7 2+7=9 | 4+6=10 7 N3z
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N23 4+4=8 1+7=8 | 5+6=11 8 N31 hoac Na2

Budc 1: Tim doan dudng ngin nhit tir nat Ny dén nat dich, st dung két qua tbi

uu tim duoc 6 budc 2
Ji(Ny) = min{d(Ny;, Nyj) +J3(Noj)} - (2.6)

Bang 2.4: Xéc dinh doan duong ngin nhat tir nut Nyj dén nut dich

d(Ny;, Ny ) + J5(N;; Poan dudng ngin
Tur nhit Ny (Wai Nay) + 13 (1) J2(N3;) oo, A
N1 N2 N3 nhat tr nat Nij dén Ny
N11 2+11=13 | 4+7=11 2+48=10 10 Na23

- Vong xudi: di tir nat dau dén nat cudi dé tim duong di toi wu.
Puong di tbi wu: N11—N23—N31—Na1—Ns1
Hodc: N11—N23—N32—Ns2—Ns1
2.4.2. Phwong phap quy hoach dong giai bai toan tdi wu roi rac.
a). Bai todn diéu khién toi wu roi rac
Cho dbi twong duoc mo ta boi phuong trinh:
x(k+1)= f(x(k),u(k))
Trong d6, x (k) 1a véc to trang thai caa dbi twong va u(k) 1 véc to tin hiéu diéu
khién.
Trang thai ban dau x(0) = 0, trang théi cudi x(N) = x
Bai toan diéu khién tdi wu 12 bai toan tim tin hiéu diéu khién w(k) sao cho :
] = OV, xy) + ZhZa L(x (), u(k)) > min  (2.7)
Trong do:
D(N,xy) = Jx(xy) = 0 néu bai toan téi wu diém cudi cb dinh, ®(N,xy) # 0
néu bai toan diém cudi tu do;
L(x(k),u(k)) 1a ham chi phi tai trang théi tht k.

b). Phwong phdp quy hoach dgng gidi bai todn toi wu roi rac
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Dit ham muc tiéu t6i wu cho doan quy dao trang thai cudi ké tir trang thai x (k):

Ji(xa ) = {cD(N xy) + 2 L(x(@),u(@))}, k=0,N—1 (2.8)

....... u(N

Biéu dién J; (x(k) ) duéi dang:

) L(x(k),u(k)) + (N, xy) + z L(x(i),u(i))}

i=k+1
= Ji(xw ) = fl{l(}{r)l{L(x(k),u(k)) + Jierr(Xaern) )} (2.9)
= Ji(xo ) = min {L(x 0, w0)) + Jir (£ (xoor100)) (2.10)

Nhu vay ham téi wu cho doan quy dao trang thai chinh 13 phuong trinh téi wu
Bellman. Giai phuong trinh Bellman theo tha tu tir N-1 dén 0 s& tim duoc tin hiéu
diéu khién t6i uu.

2.4.3. Ung dung phwong phap quy hoach ddng giai bai toan tdi wu tinh
ning b ngudn pin Lithium-ion trén xe may hybrid.

Dbi v6i bai toan diéu khién phan phdi cong suat trén xe may plug — in hybrid
xang — dién dé t6i wu tinh ning bd ngudn pin Li-ion, vector trang thai ciia d6i twong
gd6m ba dau vao cta bo diéu khién (Pyemgng, V, SOC), tin hiéu diéu khién 12 cong sut
phan phdi ra banh sau P,. Chi tiéu can t6i uu hoa 1a kinh té nhién liéu, quing duong
di chuyén toi da ma khong can sac, ca hai chi tiéu trén.

Muc tiéu ctia bai todn nay 1a tim quy luat « diéu khién cong suat dong co theo
trang thai x = (Pyemana, V, SOC), v6i cong sut kéo can thiét P, = m(,, da biét trude
khi cho xe chay theo mdt chu trinh cho trudce, vi du chu trinh chay thu JAPAN 10 —
15 MODE, luc nay ham muc tiéu J, dugc xac dinh theo céng thirc:

Jn (o) = (2022 ge (0 m(x))) — min (211)
Trong do6:

Je 12 ham chi phi tic thoi ¢ trang thai thir k. Ham chi phi nay bao gom: luong

tiéu hao nhién liéu Grel (g), va quing duong di bi rat ngan do sy giam SOC so voi
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trang thai true d6. (Trong pham vi nghién ctru ndy khong xét dén yéu cau tdi wu khi
xa nén bo qua cac hé s6 anh huong dén khi xa trong ham chi phi)
ge = Grye +yASOC? (2.12)
Biéu dién ham muc tiéu J,, theo phuong trinh t6i wu Bellman, ta co:

]ié(x(k) ) = ggg{ge(xk:n(xk)) +]k+1(xk+1)} (2.13)

Déng thoi dé bao dam tinh nang dong luc hoc can thiét cua xe khi van hanh, ta
phai bao dam tuan thu cac diéu kién sau dé bao dam tinh hop 1y va dang dan cua thuat
toan diéu khién:

Wemin = We = Wemax
Temin = Te = Temax
SOCin < SOC < S0C,4x
Trimin < Tim < Thmmax
Bang cach thuc hién theo vong ngugce dé tim gia tri nho nhat J,, tai ting trang
thai va xuoi theo vong lap dé cap nhat gia tri cia ham muc ti€u, bai toan t61 wu hoa
s€ dugc giai. Thuat toan diéu khién toi vu n duge tinh nhu sau:
argmin
m(xy) = Pk < Pk < Pe’;nax(ge(xk' PY) +]k+1(xk+1)) (2.14)

emin =
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Chuong 3

TOI UU TINH NANG BO NGUON PIN LI-ION CHO
XE GAN MAY TiCH HQP TRUYEN PONG LAI

3.1. Tinh toén, thiét ké, ché tao bd ngudn dién cho xe may lai cii tao.

3.1.1. Lua chon b ngudn dién

Trong cac nghién cuu trude [43,44] da lya chon va tién hanh cai tao xe Honda
Lead 110cc thanh xe hybrid xang — dién. Bai toan b tri chung, chon dong co dién,
phuong an cai tao hé théng truyén luc, phan phdi cong suat va cac ché do lam viéc
da duoc giai. Tuy nhién van dé vuéng mac 16n nhat 1a khdi lugng xe sau cai tao 16n,
173/115kg. Piéu nay lam thay doi dang ké tinh ning dong luc hoc cia xe. Nguyén
nhan do bo ngudn 04 ic quy axit — chi c6 khdi lugng 41,6 kg, khong nhitng 1am ting
khéi lwong, bo ngudn dc quy con chiém phan 16n thé tich ngan chtra d6 ciia xe giy
bat tién trong viéc st dung.

Xe sau cai tao co tinh nang co ban sau khi chi hoat dong béng dong co dién:

- Van toc 16n nhat ¢ ché d6 dong co dién: 44,2 km/h (50% tai) va 43,2 km/h
(day tai);

- P6 dbc 16n nhét vuot duge ¢ ché do6 minh dong co dién: 3,54% (50% tai) va
2,39% (day tai);

- Quing duong 16n nhat di duoc ¢ ché do minh dong co dién cho dén khi
SOC=20%: 47,6 km (50% tai) va 42,4 km (day tai);

- Quang dudng 16n nhat di duoc trude khi sac lai ngudn dién khi hoat dong &
ché do hybrid cho dén khi SOC=50% theo chu trinh WVUCITY: 44,75 km (50% ti)
va 41,3 km (day tai).

Vi vay viéc Iya chon bd ngudn dién méi phai dép tng cac yéu ciu sau:

- Trong luong va thé tich nho hon bo ngudn ic quy;

- Cong suat phai 16n hon hodc bing cong suit bd ngudn ic quy;

- Cac thong s va tinh ning dong luc hoc cua xe phai duoc cai thién dang ké;
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- Gi4 thanh dau tu c6 thé ting so véi bd ngudn dc quy nhung tong chi phi khai
thac xe phai nho hon;

- Thoi gian sac lai nguff)n dién nhoé hon;

- C6 dong nap tre thoi 10n dé thu hdi ning lugng khi phanh tai sinh ma khong
anh huong dén tudi tho bo nguén;

- It phai cham séc, bao quan.

Qua nhitng phan tich vé tinh ning va danh gia wu nhuoc diém cia cac loai ngudn
dién st dung trén xe di¢n va xe lai cling nhu phan tich vu nhugc diém cua cac loai
pin Li-ion trén thi truong hién c6 [34]. Tac gia chon bd ngudn dién dé tinh toan thiét
ké 13 bd ngudn dién Lithium-ion vé6i té bao (cell) pin 1a loai Sanyo UR18650F-
SCUD-3 [51] cia SCUD Electronics Co., Ltd. véi cac thdng s6 co ban sau:

Bang 3.1: Thong s cell Sanyo UR18650F-SCUD-3

Thoéng s6 Gia tri
Dung luong 2200 mAh
Dién 4p binh thuong 3,7V

Dién ap t6i da 4,2V
Dong xa binh thuong 2,5A
Dong xa toi da 5A

Dién tré trong <0,1 Q
Dong dién nap toi da 1,75A
Thoi gian nap day 3h

Trong lugng 489

Kich thudc ®18x65mm

3.1.2. Tinh toan céc théng s6

Dé c6 duoc bd ngudn 48V-30Ah, ta ghép ndi 180 cell pin véi nhau, theo chiéu
nbi tiép co 12 diy cho dién ap tdi da 50,4V va theo chiéu song song c6 15 cell cho
dung lugng 33 Ah:

- bién &p tdi da cua bod nguén la: 12x4.2=504V

- Dung lugng: 15 x 2.2 =33 Ah

- V6i trong lugng: 48 x 1805 = 8640 g

- Kich thude (DXRXC): 4x195x90x54mm = 3.792 lit
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- Trong lugng vo hop + mach diéu khién: = 2200g

Theo tinh toan trén, thong s6 bd ngudn c6 duoc 1a 50,4V-33Ah. Vi trong luong

chi 8,64 kg va thé tich chiém thap hon 4 lit, thdp hon so véi dcquy co gia tri thong sb

tuong duong, the hién wu diém ctuia bd ngudn Lithium-ion vé mat thiét ke so voi acquy

thong thuong.

Véi viéc bd tri, lap dat pin Lithium-ion va dong co dién Ién xe Honda Lead

110cc s& 1am cho xe thay d6i cac thong sb vé khdi luong, ban kinh banh xe trude noi

gan dong co dién so véi xe co so. Tur cac thdng sb sau:

Ty trong xe nén

Khéi lwong ban tai 50%
Khéi luong day tai 100%
Khdi lugng pin Li-ion
Khéi luong vé hop pin
Khoi luong dong co dién

Cac co cau khac

115kg
180kg
245kg
8,64kg
2,2kg
12kg
4,4kg

Ta tinh duoc khdi lwong cua xe sau cai tao 1a 143 kg (tu trong than xe), 208

kg (Mot nguoi 1ai) va 273 kg (Mot nguoi 1ai va mot ngudi ngodi sau).

3.1.3. Thiét ké, ché tao bd nguon

a). Lwa chon phwong dn thiét ké

Ttr cac phan tich va chon lua & trén ta c6 3 phuong an ghép ndi:

- Phurong an 1: Ghép ndi tiép 12 cell pin thanh mot ddy, ghép 15 ddy song song

vO1 nhau.

Phuong an nay c6 uu diém 1a dé bé tri cac day tach xa nhau dé tan dung céac

khong gian tréng khac trong xe 1am noi b tri bd ngudn phan tan. Nhuge diém la

khong can bang dugc dién ap cac cell, phai thiét ké lap dat 15 mach BMS 48V-2,2Ah,

mdi mach BMS diéu khién nap xa cho mét diy 12 cell mic ndi tiép.
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Hinh 3.1: So d6 ghép ndi theo phuong an 1
- Phirong dn 2: Ghép thanh 4 bo ngudn 12V-30Ah voi nhau. Mdi bo gom 45

cell v6i 3 cum ndi tiép, mdi cum c6 15 cell ghép song song dé tan dung kha nang can

bang dung lwong chii dong cho cac cell.

SR
SR
SR
SR
SR
4R
Samramian
SR
SR
SR
SR
4R
SR
SR
4 b by

| +

Hinh 3.2: So d6 ghép ndi theo phuong an 2
Phuong 4n nay c6 wu diém l1a can bang cell tét, kha niang tach roi thanh 4 bo

ngudn cho phép bd tri phan tan bd ngudn, nhuge diém 1a két ndi phic tap, cin 4 mach

BMS cho 4 bo ngudn 12V-33Ah

ghép song song.

- Phwong dn 3: ghép ndi bd ngudn thanh 12 cum ndi tiép, mdi cum c6 15 cell
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Hinh 3.3: So d6 ghép ndi theo phuwong an 3

Phuong an nay c6 vu diém 1a can bang cell tét, ghép ndi don gian, chi can st
dung mot mach BMS 48V-33Ah cho ca bd nguén, nhuoc diém 1a bod nguén két ndi
thanh mot khdi nén khé bé tri phan tan dé tin dung khong gian trong cua xe. Tuy
nhién theo tinh todn & trén, thé tich bd ngudn chi chiém khoang 4 lit (chua c6 vo hop
cho bd ngudn) trong khi ngin chira d6 cia xe Honda Lead c¢6 dung tich 37 lit nén b
tri bd ngudn trong ngan chia d6 1 hop 1y.

Sau khi danh gia vu nhuoc diém cta ca ba phuong an trén, tac gia chon phuong
an 3 dé thiét ké, ché tao bd nguén.

b). Ché tgo bj nguon

Chuan bi cac vat tu can thiét gom cell pin, ddy han bam, dé nhya, miéng déan

cach dién dau cuc, may han bam...
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Hinh 3.4: Cac vat tu ghép nbi bo pin

C0 dinh céc cell vao dé nhya va dung may han bam han cac day ndi dau cuc cua

cac cell thanh cac cum theo dung so dd ciia phuong an ghép ndi da chon.

Hinh 3.5: Ghép nbi cac cell pin lai véi nhau bang dé nhya
Cin ctr vao kich thuéce ngan chira d6 cua xe Honda Lead 110, ta chon phuong
an ghép bo pin thanh hai tang dé d& dang b tri.
B0 pin sau khi 1ap ghép co kich thudc (chua tinh vo hop) nhu sau:
- Chiéu dai: 12 x (18+2) = 240 mm
- Chiéu rong: 10 x (18+2) =200 mm
- Chiéu cao: 2 x (65+3) = 136 mm
- Thé tich: 2,4 x 2 x 1,36 = 6,528 it
Thé tich bo pin tang 1én gan 2 lit so v6i dy kién ban dau do khi lap vao dé cb

dinh cell thi khoang cach cac cell ting 1én 2 mm. Tuy nhién thé tich ndy van khong
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dang ké so voi dung tich ngin chtra dd cua xe 1a 37 lit. Dong thoi khe ho gitra cac
cell gitip thoat nhiét tot hon va dé dang lap dit cac cam bién nhiét ciia mach BMS.

3.1.4. Thiét ké, ché tao mach quan ly pin (BMS)

a). Yéu cdu déi véi mach BMS

Vi yéu cau vé qua trinh nap — xa pin Li-ion di trinh bay & cac phan trude, mdi
bd pin Li-ion cn c6 mdt mach quan 1y cac ché do lam viée cua pin (BMS — Batery
Management System) v6i cac yéu cau sau:

- Piéu khién viéc nap pin theo ding chu trinh dong — ap, ngit nap diing dién ap;

- Bao vé qua dong, qua ap, thap ap;

- Bdo v¢ qua nhiét;

- Duy tri SOC ¢ mitrc >20%;

- Can bang dung luong cac cell [38];

b). Thiét ké mach BMS

Cac nghién ctru trudc da chi ra mach BMS st dung cho 01 cell Li-ion 4.2V-
2.2Ah sir dung IC TP4056 [52] véi so dd sau:

in CE Y

* * - -\"'51 T w—AMAN .

T
e

-
]
L]
L
L
-

¥ * 1 | i #

LS | o

Hinh 3.6: Nguyén ly mach BMS TP4056
Tuy nhién véi bo pin 48V-33Ah gdom 180 cell ghép ndi véi nhau thi viéc ché
tao va lép dat 180 mach BMS cho mdi cell rat phuc tap, tdn rat nhidu thoi gian va chi
phi, 1am ting dang ké thé tich va khdi luong ctia bd ngudn ma khong thé can bang
cho cac cell, 1am cho dung luong va tudi tho bd pin giam nhanh chéng trong qua trinh

st dung.
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Trong nghién ctru ndy, xuat phat tir yéu cu va tinh ning phai dat duoc cta bod
nguf)n, tac gia dé xuét thiét ké ché tao mot mach BMS 48V-33Ah cho ca bd nguén
gdm cac khoi:

- Khéi diéu khién can bang cell va gom kénh tin hiéu analog dién ap;

- Khdi 6n ap va cung cap ngudn

- Khéi diéu khién trung tam;

- Khéi giao tiép.

- Khoi bao vé quéa dong, qué ap, qua nhi¢t khi nap — x4;

' CHARGER & |
Cell12 === I—PB(-)-T_E(_:-':_IO_N_I + PACK
Cell11 _E % -
L = LOCAL
i o= ' DC/DC |
|23 ]
ZZ MCU
3=
Cell2 2%
(a8
Cell1 —:_B
| ~ PACK

Hinh 3.7: So d6 khéi mach BMS
(Chi tiét ban vé thiét ké xem Phu luc 1).
Khoi cin bang cell: st dung 2 1C diéu khién cin bang cell LTC3300 cua Linear
Technology. Mbi IC nhan tin hiéu va diéu khién 6 nat ndi tiép. 12 bd cam bién dién
ap cell va 12 bd chip hanh dé nhén tin hiéu va diéu khién can bang cell. (Hinh 3.8,

3.9, 3.10).
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Hinh 3.8: So d6 mach dién khdi diéu khién can bang cell
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Hinh 3.9: Khéi
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Hinh 3.10: Cum thu thap tin hiéu dién ap cua cell thir 3
Khoi vi diéu khién trung tam: Mot MCU dUng dé diéu khién chu trinh nap xa,
ghi doc nhét ky phong nap va giao tiép vai thiét bi ngoai vi... Trong nghién ciru nay,
tac gid su dung MCU PIC18F47J53.
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Hinh 3.11: Khéi MCU, 6n ap ngudn va giao tiép USB
Khéi cung cdp va on dp nguén: Ngudn 3.3V dugc cung cap bang IC 6n ap
LT1761ES5-3.3.
Khoi giao tiép: Mach BMS giao tiép ngoai vi bang giao thirc USB thong qua IC
chuyén d6i LTM2884CY.
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Khoi diéu khién va bao vé nap — xa: D¢ theo doi, giam sat dién ap va dong dién

nap — xa cua cac cell, tac gia sir dung cap IC LTC 6804 va LTC 6802
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Hinh 3.12: Khoi giam sat va thu thap dit lidu cell
Cum thu thap va gom kénh tin hi¢u analog nhiét do gém 2 IC LTC1380IGN,
mdi IC nhan tin hiéu tir 6 cam bién nhiét.

. . an U u

LTC1380IGN LTC1380IGN
LTCEB04-2 RT1_ 1 4 SDIO RT9 1 14 SDIO
RTZ 7130 SDA RTIU_ 730 SDA
RTZ 3181 9 RMT 3181 9
RT4&————44s2 DO RTZ __——— 4%8 DO~
RTT 7 gg R A gg
N

RI! i S L &

34 Ao 10k 134 o

1
V-H Al v- 1z) A
c33
C50  0.1uF SCKB 15 . A4 SCKB 15}

1 o
| *

}g vee GND H—‘ N }g vee GND V-
0603 V- VEE V- 0-1uF VEE
VREG 25V VREG V.

0603
Hinh 3.13: Khéi thu thap va xir 1y dit liéu nhiét do

Khéi khuéch dai cong suat diéu khién can bang cell gobm 12 MOSFET
RQJ3003PGDQALT c6 dién ap hoat dong 30V, dong di¢n 3A, két hop va1 bd loc
thong thép kiéu RC dé loc tin hiéu dién ap cua cell.

Ngoai ra, dé dam bao cac tinh ning hoat dong va tinh ning an toan, mach BMS
duoc bé tri cac linh kién phu trg khac nhu: cam bién do dong, cau chi tu phuc hdi,
cac bo loc nguén. ..

c). Ché tao va thir nghi¢gm mach BMS

Sau khi thiét ké va hiéu chinh, xuit dinh dang mach in cia BMS nhu sau:
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Hinh 3.15: So d6 di ddy mit trén mach BMS

Hinh 3.16: So d6 di ddy mit duéi mach BMS

Dit hang gia cong board mach va gia cong SMT dé han cac linh kién 1én board,

lap tan nhiét va cac giac cam, board mach c6 dang sau:
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Hinh 3.17: Board mach sau khi gia cong
Pau n61 mach BMS va bd pin va han mach va céc giac dau noi nguon di¢n, giac

giao tiép va dén bao muc dung luong pin. Sau d6 bao gbi b pin bang gidy cach dién.

Hinh 3.18: B pin sau khi dong gbi va vo hop

Chon hop nhya dung dung cu xach tay c6 kich thudc vira voi b pin va gia cong
lai vé hop. Vi bd pin va mach BMS can tan nhiét nén nép hop dugc gia cong b::ing
nhoém tim c6 do day 3mm, khoan cac 16 bat vit, 16 bat tay xach va phay 15 bét giic
cim ngudn. Sau d6 lip bo pin vao vo hop. BO pin hoan chinh c6 khéi lugng 10,84kg
va kich thuéc 308 x 183 x 144 mm (Dai x Rong x Cao), thé tich 8,11 lit bao gom ca

vo hop.
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Hinh 3.19: B pin hoan chinh va lap 1én xe

3.2. Thir nghiém b nguén dién.

Bo nguén pin Li-ion 48V — 33Ah dugc thir nghiém tai Phong thi nghiém do
luong dién (Khoa Tiéu chuan — Po luong — Chat luong/Trudng Dai hoc Tran Dai
nghia). Cac trudng hop thir nghiém bao gdm:

- Thir nghiém cell;

- Thr nghiém mach BMS;

- Thtr nghiém bd ngudn.

Céc trang thiét bi phuc vu cho thir nghiém gom:

- May hién song Analog PINTEK PS-100;

- May hién song Digital Gw INSTEK GOS-1022

- Pong ho VOM UAT — DDT9205A

- B6 ngudén DC QJE — QJ6040S-60V/30A,;

- B6 ngudn DC SUPPLY PS-3010D 30V/10A;

- Bo dién tré chuan Vonfram ciia W. M. Scientific Co. USA

- Cam bién dong dién ACS712 kiéu hiéu tng Hall.

- Mach thu thap dir liéu giao tiép may tinh Arduino Nano, giao tiép Serial
Monitor;

- Mach thu thap dit liéu giao tiép mdy tinh HDL9090 qua LabVIEW.
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Trong d6 cac bd ngudn, may hién séng va ddng hd VOM di duoc kiém dinh va
hiéu chinh tai Chi cuc Tiéu chuan Po luong Chat lugng/Sé KHCN TPHCM, con han
kiém dinh dén thang 11/2019.

3.2.1 Thir nghiém cell Li-ion

Thir nghiém do dic tinh nap — xa cell Li-ion & cac ché d6 dong phong khac nhau

Bo nguén pin Li-ion dugc thir nghiém tai Phong thi nghiém do luong dién (Khoa
Tiéu chudn — Po luong — Chit luong/Trudng Dai hoc Tran Dai nghia). Cac trudng
hop thir nghiém bao gdm:

- Thir nghiém nap — xa cell Li-ion don ¢ ché do Ci1 voi dong phong Ip = C =
2200 mA, két qua cho thay khi dién 4p cell xudng dén 3,25V thi SOC con 20% va
lac nay dién ap cell giam rat nhanh. Khi nap lai dung luong t6i da cia cell giam
0,065% sau mdi chu ky phong nap (dung luong cua cell sau khoang 500 chu ky phong
nap véi ché d6 1h con khoang 67%).

4500

4000
3500
< 3000

£ 2500
S 2000
1500
1000
500

0 1000 2000 3000 4000
t(s)

Hinh 3.20: Bac tinh phong Ci cua cell Li-ion

- O ché d6 phong Cs voi Ip = C/5 = 0,44A, dic tinh cta cell tot hon khi SOC
con 20% thi dién ap cua cell khong xudng qua thap, chi 3,56V va sau mdi chu ky
phong nap, dung luong cell giam 0.033%. Sau 1000 1an phong nap & ché do 5h, dung
lugng cell con 67%

- O ché d6 phong Cio véi Ip=C/10=0,22A, khi SOC=20% thi dién ap cell con
3.58V va sau mdi chu ky phéng nap, dung lugng pin giam 0,021%. Sau 2000 lan
phong nap & ché d6 10h thi dung luong cell con 58%
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Hinh 3.21: Bac tinh phéng Cs va Cio ctia cell Li-ion
3.2.2 Thir nghiém mach BMS
Mach BMS duoc thir nghiém bang phuong phap dung bd nguén DC 60V — 40A
dé gia 1ap ngudn nap, bo dién tré Vonfram dé gia 1ap tai. Thir nghiém cac ché do dong
ngat nap va bao vé qua dong, quéa ap. Ché do bao vé qua nhiét dugc thir nghiém bang
cach gia nhiét cudng birc cac cam bién nhiét.
Két qua thir nghi¢ém mach BMS dat cac ti€u chi sau:

Bang 3.2: Két qua thir nghiém mach BMS

Chi tiéu Gia tri
Max 21,5 A ngat 6 50,4 V
Chu trinh nap dong — ap N ,
Onap 51 V,ngato 1,5 A
Bao vé thap ap <360V
Béao vé qua dong >40 A
Bao vé qua nhiét >65°C
Thoi gian tré dong 16 ns
Thoi gian tré ngat 34 ns
Cau chi ty phuc hoi Sau 40%3 s

3.3.3 Thir nghiém bd ngudn
Lip rap bo cell v6i mach BMS, str dung bd ngudn DC 60V — 40A dé cép gia
lap nguén nap, bd dién tré¢ Vonfram dé tao tai. Thu nghiém xéc dinh cac dic tinh

phong —nap, x4c dinh d6 can bang cell, thir nghiém tudi tho, thir nghiém d¢ ting nhiét
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d6 khi x4 v6i dong cao. Do diéu kién thi nghiém khong thé giit nhiét do ctua phong
¢ dinh ¢ 25°C nén tac gia chon phuong an dong kin phong va bat may diéu hoa nhiét
d6 & 25°C dé thir nghiém.

Két qua thu dugc bao gom:

- Bao vé€ qua ap cell 4.25+0.025V.

- Tu dong can bang cell ¢ hai trang thai nap va trang thai xa véi 6 chénh léch
t6i da 0.03V.

bac tinh xa véi cac ché do dong xa Cq, Cp, Cs:

54
Ngit & 36V (dién ap cell = 3V), nhiét d 25°C
—_ \ [=6,6A
>
Z 0 | |
5
Q36
0 6 12 18 24 30 36

Dung luong (Ah)

Hinh 3.22: Pic tinh x4 ¢ cac ché do dong x4 ctia bd ngudn
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Hinh 3.23: Dic tinh nap CC-CV ctia bd ngudn
Véi ché d6 nap dong — &p, on dong & 21A, 6n ap & 50,4 V, ngat nap ¢ 1.5A
trong diéu kién nhiét 46 phong 1a 25°C thi bo ngudn duoc sac ddy dén 98-99% véi
thoi gian khoang 2 gio.
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Hinh 3.24: Dic tinh tudi tho ctia bo ngudn
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Nap v6i ché d6 dong — ap nhur trén va x4 ¢ ché d6 C1 (I=33A) dén khi SOC =
20% thi ngung, lién tuc trong 500 chu ky thi dung luong bd ngudn con khoang 23Ah
(69,7% dung luong ban dau). Két qua ndy sai 1éch khong nhiéu so voi khi thr nghiém
phong — nap cell & muc 3.2.1. Nhu vy ta c6 thé két luan, néu xa v6i ché d6 Cs hoic
C10, va dung lugng dén 50% thi tudi tho cua bd nguén c6 thé dat trén 2000 chu ky ma
dung lugng cta bd pin van con khoang 60% so véi dung lugng ban dau.

3.3. Tinh toan, kiém nghi¢m cac ché d lam viéc.

Viéc tinh toan kiém nghiém céc ché do hoat dong cua xe dugc dya trén phuong
trinh can bang cong suat. TOy vao ting ché do 1am viéc cua xe ma ta c¢d thé don gian
phuong trinh bang cach bo qua cac cong suat can khong dang ké. Trong qué trinh tinh
toan da xét dén hiéu suét caa hé thdng truyén luc va hiéu suat cua dong co dién nén
dé don gian, tac gia bo qua ton that trén day dan va trén mach BMS, dong thoi coi
nhu nhiét d6 bo pin khong doi trong qua trinh hoat dong.

Phuong trinh can bang cong suat:

P +P,=P+P,+P +P

Trong do:

P,.: Cong suat kéo cua dong co ddt trong xe nén Honda Lead 110cc

P, =P.m (W) Véi P, 1a cong suat kéo ciia dong co
P;: Cong suat tiéu hao dé thang lyc can lan
P =f.G.v.cosa (W)

P,,: Cong suat tiéu hao dé thang lec can khong khi
P, = K.S.v° (W)

P;: Cong suat tiéu hao dé thang lyc can déc
P, = G.v.sina (W)

P;: Cong suat tiéu hao dé thang lyc can quan tinh

P = S.(Si.].v (W)

Trong d6 &; 12 hé s xét dén anh huong quén tinh cua céc chi tiét chuyén dong

quay. Do dong co dién dat & banh trudc nén ta chon §; = 1,05.
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Bang 3.3: Gi4 tri cac thdng sé tinh toan

Théng s6 Gia trj lya chon
Hé s6 can lan f 0,018
Hiéu suat truyén dong n 0,94
Hé s6 can gid K 0,4 N.s¥/m*
Gia toc trong trudng g 9,81 m/s?
Hé sb anh huong caa khéi luong quay &; 1,05
Dién tich can gi6 S 0,4 m?
Ban kinh banh trudc 203 mm
Ban kinh banh sau 217 mm
Van toc xe theo sé vong quay dong co = 12:6'7;_81;1; m/s?

Bang 3.4: Thong s6 k¥ thuat ctia motor BLW-16B [48]

STT | rpm W _Input | W_output ! Eff., % Van tbe xe

(n.M) (km/h)
1 685 225,308 28,690 0,400 | 12,734 49,850
2 679 226,798 30,930 0,435 | 13,638 49,414
3 679 234,621 17,060 0,240 | 7,271 49,414
4 679 251,663 10,660 0,150 | 4,236 49,414
5 672 280,587 43,630 0,620 | 15,550 48,904
6 671 322,902 92,750 1,320 | 28,724 48,832
7 665 382,619 154,930 2,225 | 40,492 48,395
8 658 457,657 231,510 3,360 | 50,586 47,886
9 651 552,755 326,520 4,790 | 59,071 47,376
10 639 668,209 436,590 6,524 | 65,337 46,503
11 631 804,912 568,230 8,599 | 70,595 45,921
12 623 961,526 715,310 | 10,964 | 74,393 45,338
13 610 1136,416 865,500 | 13,549 | 76,160 44,392
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14 587 1265,030 1008,960 | 16,414 | 79,758 42,719
15 497 1236,898 1037,720 | 19,939 | 83,897 36,169
16 392 1225,766 988,830 | 24,088 | 80,670 28,528
17 392 1225,766 988,830 | 24,088 | 80,670 28,528
18 200 1225,76592 | 504,505 | 24,088 | 41,158 14,555
19 100 1225,76592 | 252,253 | 24,088 | 20,58 7,277
20 10 1225,766 25,225 24,088 | 2,058 0,727

Bang 3.5: Gia tri cong suat va moment xoan c6 ich cua dong co

cuia xe Honda Lead 110cc tir s6 vong quay 5000 rpm [49]

S6 vong quay ) Moémen xoan
(rpm) Cong suat c6 ich (kW) | (Nm)
5000 4,572 8,733
5100 4,711 8,822
5200 4,847 8,901
5300 4,979 8,971
5400 5,107 9,032
5500 5,232 9,083
5600 5,351 9,125
5700 5,466 9,158
5800 5,576 9,181
5900 5,681 9,195
6000 5,781 9,200
6100 5,874 9,195
6200 5,961 9,181
6300 6,042 9,158
6400 6,116 9,125
6500 6,183 9,083
6600 6,242 9,032
6700 6,294 8,971
6800 6,338 8,901
6900 6,374 8,822
7000 6,401 8,733
7100 6,420 8,635
7200 6,429 8,527
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7300 6,429 8,410
7400 6,420 8,284
7500 6,400 8,149

3.3.1. Ché d9 dong co dién hoat dong doc 1ap

a). Toc dp I6n nhit dat dwoc

bé xe dat tdc do tdi da thi cong suat dong co dién phai I6n nhat. Xe chay trén
dudng bang voi toc do khong doi, khi d6 @ =0vaJ=0néntaco P, = P; =0. Tra
bang 3.4 thi cong suat dong co dién lén nhat P,, = 1037,72 W

Tir phuong trinh can bang cong suat ta duoc:

P,=P;+P,

Khoi lugng 50% tai: G = 208 kg

P

Mmax

& 1037,72 = 0,018.208.9,81.v + 0,4.0,4.v3
= v = 14,63m/s = 52,67 km/h
Khoi lugng 100% tai: G = 273 kg

P

Mmax

=f.G.v.cosa + K.S5.v3

= f.G.v.cosa + K.S5.v3

& 1037,72 = 0,018.273.9,81.v + 0,4.0,4.v3

= v = 13,45m/s = 48,42 km/h

b). Quiing dwong di dwoc véi vin toc toi da

Xe di duoc van téc tdi da khi cong suit dau ra cua dong co dién 16n nhat

Véi cdng suit dau ra 16n nhat P,output = 1037,72 (W) thi cong suat dau
vao B,input = 1236,90 (W)

Cong suit cua pin Lithium-ion: P,in = 33Ah.50,04V = 1663,2W

Ppin _ 1663,2
1236,90

Thoi gian st dung: t = = 1,345 (h)

Quang duong xe di dugc trong thoi gian t = 1,345 (h)
- Khéi luong 50% tai: G= 208 kg va v = 52,67 km
s = v.t =52,67.1,345 = 70,84 km
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- Khéi luong 100% tai: G= 273 kg va v = 48,42 km
s = v.t = 48,42.1,345 = 65,13 km

¢). Quang dwong di dwoc khi chay trong thanh phé (v =40 km/h)
Xét xe chay véi van téc khong ddi ( J=0) va trén dudng bang (a = 0)
Tacé:v= 40km/h; P, = P =0;
Phuong trinh can bang cong suat:
Py =P +P,
Khdi luong 50% tai: G= 208kg

P, =f.G.v.cosa + K.S.v?

= 0,018.208.9,81.:—‘; +0,4.0,4. (:—2)3

= 627,57 W
Dua vao bang 3.4, chon P, output = 715,32 W va
P,input = 961,53 W
Khdi lugng 100% tai: G= 273 kg
P, =f.G.v.cosa + K.S.v?
= 0,018.208.9,81.;—2 +0,4.0,4. (%)3

= 755,11 W
Dua vao bang 3.4, ta chon P,output = 865,5W va B, input =1136,42 W
Quang duong xe di duoc
- Khéi luong 50% tai: G = 208 kg

Ppin _ 1663,2 _
961,53

Thoi gian strdung: t = 1,730(h)

Quang duong di dugc: s = v.t = 40.1,73 = 69,2 km
- Khéi lugng 100% tai: G = 273 kg

Ppin _ 1663,2
1136,42

Thoi gian st dung: t = = 1,464 (h)

Quang duong di dugc; s = v.t = 40.1,464 = 58,56 km

d). Quing dwong di dwoc 6 ché dp tiét kiém nhit
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Xe hoat dong tiét kiém dién nhat khi dong co dién dat hiéu suét cao nhat. Tra
bang 3.4, hiéu suit cao nhat cia dong co dién 1a 83,897%, khi d6 P,input =
1236,90 W, P,,output = 1037,72 W va toc d6 quay n,, = 497 rpm

Van téc xe tai s6 vong quay trén 1a
__2mnryp
~ 60.103

= 10,57 m/s
Phuong trinh can bang cong suat lic nay:
P, =P +P,
Khoi lugng 50% tai: G = 208kg
P, =f.G.v.cosa + K.S.v3
= 0,018.208.9,81.10,57 + 0,4.0,4.10,573
= 577,17W
= Tachon P,output = 568,23 W vaco P,input = 804,91 W
Khdi lugng 100% tai: G= 273 kg
P, =f.G.v.cosa + K.S.v?
= 0,018.273.9,81.10,57 + 0,4.0,4.10,573
= 698,50 W
= Tachon P,output = 715,31 W vacd B,input = 961,53 W
Thaoi gian str dung:
- Khébi luong 50% tai: G= 208 kg

o Ppin 16632 207 (h
P, 80491 ()
- Khébi luong 100% tai: G= 273 kg
Pyin  1663,2
pin ’
¢ P, 961,53 73 ()

Quang duong xe di dugc
- Khéi luong 50% tai: G= 208 kg
s = v.t= 10,57.3,6.2,07 = 78,77 km
- Khébi luong 100% tai: G= 273 kg
s = v.t=10,57.3,6.1,73 = 65,83 km

81



e). Goc déc I6n nhit

Xe leo dugc goc doc 1on nhét tai s6 vong quay ma dong co dién c6 momen Ion
nhat. Déi chiéu véi bang thong sé 4.2, momen dong co dién I6n nhat 1a M,,, =
24,088 N.m va c6 céc théng sé P,,output = 988,83 W, s6 vong quay n = 392 rpm.

Vi khi leo déc van téc va gia téc xe khong 16n nén cong suat dé thiang lec can
khong khi va cdng suit can quan tinh khéng dang ké (P, = P,=0).

Phuong trinh can bang cong suat lic nay:

P, =P + P,

2mn.rp
60.103

Tai s6 vong quay n = 392 rpm, van toc xe la: v = =8,33m/s

Khoi lugng 50% tai: G= 208 kg

P,=f.G.v.cosa + G.v.sina

< 988,83 = 0,018.208.9,81.8,33.cosa + 208.9,81.8,33.sina
>a= 2,3°

=>i= 4%

Khoi lugng 100% tai: G= 273 kg
P,=f.G.v.cosa + G.v.sina
< 988,83 = 0,018.273.9,81.8,33.cosa + 273.9,81.8,33.sina
>a= 1,51°

= Do dbc 16n nhat xe ¢ thé vuot duoc i = 2,54%

3.3.2. Ché d9 dong co dot trong hoat dong ddc lap

a). Kha néng leo déc

Xe ¢6 kha ning leo dbc ti da khi dong co truyén momen cuc dai dén banh xe
dan dong. Vi xe Honda Lead 110cc nay thi dong co ¢c6 momen cuc dai 9,2 N.m tai
s6 vong quay n = 6000 rpm.

Khi leo déc thi van téc va gia toc xe khong dang ké nén ta bo qua cdng suat dé

thang luc can khong khi va cong suat dé thiang luc can quan tinh (P, = P, = 0).
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Van téc caa xe tai n=6000 rpm

_ 2mnemy 5,58 m)
V= i60.108 O m/S
Phuong trinh can bing cong suat:
P, = P + P,

© P,.m=f.G.v.cosa + G.v.sina
Cdng suit cd ich cia dong co tai s6 vong quay c6 moment cuc dai:
P, = T.2nt.n _ 9,2.2m. 6000
60 60
Khéi lugng 50% tai: G= 208 kg
< 5781.0,94 = 0,018.208.9,81.5,58.cosa + 208.9,81.5,58.sina
=>a= 27,5°
Khdi lugng 100% tai: G= 273kg
< 5781.0,94 = 0,018.273.9,81.5,58.cosa + 273.9,81.5,58. sina

= 5781 (W)

= a= 20,3°
b). Kha ndang tang toc
Ciing nhu khi leo ddc, dé xe cd gia téc 1on nhét khi dong co hoat dong véi
moment 16n nhat. Cho xe hoat dong trén duong bang nén cong suat dé thang lec can
déc khéng cé (P; = 0). Vi tim gia téc quan tinh cuc dai nén van téc xe IGc nay thap
nén cong suat dé thang luyc can khong khi khong dang ké (P, = 0).
Phuong trinh cén bang cong suat:
P =P +P,
e P = f.G.v+€.6l-.].v
9
Van toc xe luc nay: v = 5,58 m/s
Khéi luong 50% tai: G= 208kg
< 5781.0,94 = 0,018.208.9,81.5,58 + 208.1,05.5,58.]

= ] = 4,08 m/s?
Khéi luong 100% tai: G= 273kg
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< 5781.094 = 0,018.273.9,81.5,58 + 273.1,05.5,58.]
= J = 3,23 m/s?
3.3.3. Ché @9 hai ngudn déng luc
a). Kha ndng leo déc
O ché do Hybrid, xe leo duoc goc doc 16n nhat khi tong momen kéo cua hai
dong co 16n nhat. Vi cdng suat cua dong co dot trong Ion hon nhiéu so véi cong suat
dong co dién nén ta lay tai s vong quay ma dong co dbt trong c6 moment 16n nhat.

Ta c6, moment 16n nhat cia dong co dbt trong 1a M,,, = 9,2 N.m @ng s6 vong

quay n = 6000 rpm. Mat khac, khi leo déc van toc va gia téc xe khdng 16n nén cong
suat dé thang luc can khéng khi va cong suat can quéan tinh khong dang ké nén P, =
P; = 0, ta c6 phuong trinh can bang cdng suét:
Py + Pjoutput =P+ B, + P+ P
< P + Bpoutput = Pr + P,
& P, + Pjyoutput = f.G.v.cosa + G.v.sina
Ungvéi M, = 9,2N.mthin = 6000 rpm ta tinh dugc van toc cua xe khi
leo doc la v = 5,58 m/s
Tai van téc xe v = 5,58 m/s , s6 vong quay dong co dién:

_v.60.10° 55860.10°
nE o 2ma03 26249 (rrm)

Déi chiéu bang 4.2. chon dong co dién hoat dong tai s6 vong quay n=392 rpm,
Poutput = 988,83 W va P,input = 1225,77 W.
Khéi luong 50% tai: G = 208 kg
< 5781.0,94 + 988,83 = 0,018.208.9,81.5,58.cosa + 208.9,81.5,58.sina
< a = 33,30°
Khéi luong 100% tai: G = 273 kg
< 5781.0,94 + 988,83 = 0,018.273.9,81.5,58.cosa + 273.9,81.5,58.sina

S a = 24/42°

b). Khd ndng ting téc
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Xe tang tdc 16n nhit khi momen kéo tong 16n nhat, xét trong diéu kién duong
bang va van téc xe khdng 16n nén ta cho P,, = P; = 0. Tuong ty nhu leo dbc, ta c6
s6 vong quay dong co dot trong 1a 6000 rpm tng voi moment 9,2 N.m; van tc xe
v =5,58m/s, chon dong co dién hoat dong tai sé vong quay n=392 rpm,
P,output = 988,83 W va P, input = 1225,77 W

Phuong trinh can bang cong suat:

Py + Pyoutput = Pr + P;
G
< P, + Ppoutput = f.G.v + E.(Si.].v

Khéi lwong 50% tai: G = 208 kg
< 5781.0,94 + 988,83 = 0,018.208.9,81.5,58 + 208.1,05.5,58.]

& ] =51m/s?

Khéi lugng 100% tai: G = 273 kg

< 5781.0,94 4+ 988,83 = 0,018.273.9,81.5,58 + 273.1,05.5,58.]

& ] =3,85m/s?

3.3.4. Ché d6 dong co dot trong kéo may phat nap pin

a). Khd ning leo déc

Cong suat kéo cua xe khi hoat dong & ché do sac duoc tinh bang hiéu sé cong
suit cua dong co ddt trong hoat ddong & moment Ién nhat 9,2 N.m @ng véi sé vong
quay 6000 rpm va cong suat dau vao cua dong co dién. Véi sd vong quay dong co
dét trong ta tinh dwoc van toc xe v = 5,58 m/s.

Véi van téc v = 5,58 m/s,va suy ra s vong quay dong co dién n=262,49 rpm.
Péi chiéu bang 3.4, chon dong co dién hoat dong tai sé vong quay n=392 rpm,
Poutput = 988,83 W Vva P, input = 1225,77 W.

Khi leo dbc van téc va gia toc xe khdng 16n nén cong suat dé thang luc can
khong khi va cong suat can quén tinh khong dang ké nén B, = P; = 0

Phuong trinh bang céng suat:

Py — Pypinput = Py + P
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& P, — Ppinput = f.G.v.cosa + G.v.sina
Khéi lwgng 50% tai: G = 208 kg
< 5781.094 — 1225,77 = 0,018.208.9,81.5,58.cosa + 208.9,81.5,58. sina
< a = 20,66°
Khéi lwgng 100% tai: G = 273 kg
< 5781.094 — 1225,77 = 0,018.273.9,81.5,58.cosa + 273.9,81.5,58.sina
© a = 15,32°
b). Khd néng ting téc
Cho xe chay trén dudng bang va cé van toc khdng 16n nén khdng cé cong sut
dé thang lyc can doc va cong suat dé thiang luc can khong khi khong dang ké (P; =
P, = 0). Bé tiang toc tot nhat thi cling can moment kéo 16n nhat, ta c6 duoc van toc
xe va ché do hoat dong cua dong co dién.
Ta c6 phuong trinh can bang cong suat:

Py — Pyinput = Py + P,
) G
& Py — Pyinput = f.G.v + E.Si.].v

Khéi luong 50% tai: G = 208 kg
& 5781.0,94 — 1225,77 = 0,018.208.9,81.5,58 + 208.1,05.5,58.]
& ] =3,29m/s?
Khéi luong 100% tai: G = 273 kg
& 5781.094 = 0,018.273.9,81.5,58 + 273.1,05.5,58.]
& ] =2,64m/s?
3.4. M6 hinh h6a va mé phéng hoat dong cua xe
3.4.1. Mo hinh héa ngudi lai
Céc thong s6 ddu vao cia mod hinh nguoi l4i 13 van tde tirc thoi cta xe va van
tbc mong mudn cuia nguoi l4i, dau ra 1a cong sut kéo can thiét & banh xe. M6 hinh
ngudi 1ai dugc trién khai theo thuat toan diéu khién PI (diéu khién vi phan — ti 18) nhu

Sau.
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Fiemand ) = Fioaa () + Fp,(t)

Fioaa (t) = Frolling ) + Faero(t)

t

Fp (t) = Kpe(t) + K; f e(1)

e(t) = Vaemana (t) — Vaer ()
Paemana(©) = Faemana(t) * Vaemana(t)

3.4.2. M6 hinh héa déng co ddt trong va hé thong truyén luc

C6 hai cach & mo hinh hoa dong co va hé théng truyén luc: cach thtr nhit 1a
moé hinh héa timg thanh phan (dong co, ly hop, hop sd, truyén luc cudi va banh xe),
cach thu hai 1a mo6 hinh héa nguyén cum.

Pong co cb 4 ché d6 1am viée: khoi dong, khong tai (cAm chimg), co tai va tit.
Tuy nhién, trong nghién ctru nay mo phong xe theo cac chu trinh chay thir, dong co
chi khéi dong mot lan va khoéng bao gid tat nén chi xét dén hai ché d6 hoat dong la
cam chimng va c6 tai.

Véi Iy do d6 tac gia chon phuong 4n mé hinh hoa toan cum dong co va hé thong
truyén luc ma khong can phai mo hinh héa timg thanh phan don 1.

Bang cach do moment kéo tai banh sau va luong nhién liéu tiéu hao, muc tiéu
hao nhién liéu grel (g/s) khi thay d6i d6 mé buém ga Om tir 0 — 100% va tée do béanh
sau V tir 0 — 60 km/h, ta xay dung duoc hai ban dd Tk(0n, V) va gre(Tk, V) (hoic
BSFC(Tk, V) ) chinh 1a mé hinh cho dong co va hé théng truyén luc.
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Hinh 3.25: Ban d6 dong co va hé théng truyén luc [44]
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Luong nhién ligu tiéu hao (Grel (g)) tinh dén thoi diém t ciia dong co duoc tinh:

t
Gfuel(t) = fgfuel(T)dT
0

3.4.3. M6 hinh héa dong co dién va bd ngudn

a). Mo hinh héa dong co dién

Pong co dién co hai ché dd hoat dong la ¢ ché do dong co thi cung cép luc kéo
nhung & chiéu nguoc lai ¢6 thé hoat dong nhu mot may phat dé nap lai pin khi phanh
tai sinh. Trong nghién ctru nay, tac gia chua xét dén qua trinh phanh tai sinh nén ¢
ché do dong co thi dong co dién cung cdp md men kéo cho banh trude, gia tri mo

men nay duogc tinh theo cong thirc:

Wm
Tm = I'm_demand + Tloss +]mot dt ’ Tm < Tm_max

Cong suat va dong dién yéu cau cap cho dong co dién:

P P
Pelec = _m’ I = clec
m UHV

M6 men va hiéu suit ciia dong co dién dugce tra bang 3.5

b). Mé hinh héa bg nguén pin Li-ion

Mo hinh b pin Li-ion dé dy doan tinh trang mitc dung lugng (SOC), dién 4p
va dong dién cung cip cua pin khi thir nghiém.

Dé phan tich va mé phong hiéu suét cia xe hybrid cling nhu dé thiét ké bo pin,
SOC thuong duoc xac dinh theo cong thirc sau:

t

1
SOC(t) = SOCy — 555 f

to

I(T)nbat dr
Q;

Véi: SOC(t,) = SOCy;
Q; 1a dung lugng ctia pin tinh theo Ah;
Mdi quan hé gitta sitc dién dong cua pin va dong xa:

Uny = Uoc — Uy
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Trong do: U, = I.R 1a d0 sut ap do ndi tr¢é cua pin gay ra.

3.4.4. M6 hinh héa dong lwc hoc than xe va b diéu khién

a). Mo hinh hoa dong luc hoc thin xe

Coi nhu xe d6i ximg theo phuwong ngang nén ta chi can xét dong luc hoc theo
phuong doc dé tinh toan céc luc can, tir d6 xac dinh van tdc va gia tde tac thoi cla
xe. Sau do, tir van toc tire thoi cia xe (Vact) theo md hinh nguoi 141, ta xac dinh dugce

gia tri cac luc can:

2 th = Frolling + Faero + Fgrade + Facce
Trong do:

Frolling = mgfcos(a)
1 2
Foero = E CdAfpV

Fgrade = mgsin(a)

Facce = m6j V

t

Vet (8) = f V(r)dr

0

b). M6 hinh héa bé diéu khién

Thuat toan Rule-based dugc st dung dé diéu khién cong suét cia xe & ché do
Plug-in hybrid. C6 hai diéu kién quan trong nhat quyét dinh thuat toan cua bd diéu
khién 1a:

- Pong co ddt trong phai hoat dong trong ving hiéu suat ti vu;

- B pin phai duoc t6i wu vé SOC, SOC ludn duoc giit trong khoang gia tri:

SOChin < SOC < SOCrax

C6 ba tin hiéu dau vao cho bo diéu khién: Cong suat yéu cau ctia ngudi lai;

Trang thai dung lugng pin SOC cua b0 pin Li-ion; Tdc dd hién tai cta xe. Tl d6 tinh

dugc cong suat yéu cau doi voi dong co dién va dong co dot trong.
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Pdemand = 0 Braking

Charging
Mode

Pdemand = Pdemand + Pcharge

I:)demand < Peff max
Pm = Pgemand, Pe =0 >

Pe= Pdemand: Pm =0

Pdemand < Peff7m51>< + PIanaX

Pm = Pdemand — Pe,
e

Pm = Pm_max

Pe = Pdemand = Pm

Hinh 3.26: Luu d6 thuit toan phan phdi cong sut
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3.4.5. Mo phéng hoat dong cuia xe

Nham danh gia cac chi ti€u tinh nang dong luc hoc va tinh kinh té nhién liéu
cua HEM khi st dung bd nguén pin Li-ion. Cac m6 hinh ctia hé théng duoc cu thé
hoéa thanh cac khéi trong Matlab/Simulink [53]. Sau d6 tién hanh m6 phong HEM véi
cac chu trinh thtr nghiém xe co ban nhu Japan Mode 10-15, FTP75, WVUCITY,
ECE, ...

Pe_demand
S (T
RéiSpd Des_spd Pe_demand o
Des_spd sot_opd e
7?8k demand __demand Pe_demand -
act soa Pk_demand [ ]
e Engine/Trans

Driver tspd?? P P brake P braR??  Act spdl———

Drive Cycle Source
ECE R15 (single cycle) (195 seconds, Cyclic)

» Fkm

s0C Pm_demand
Cantroller Pm_demand Fkm i
Vehicle
Pm_demand  Fkm

777
Hhdspd Petee Pelec
Motor/Gen Battery

Hinh 3.27: M6 hinh xe may hybrid trong Matlab/Simulink
Dé tién so sanh véi cac két qua trudc d6 cua xe hybrid st dung bo ngudn c quy
axit — chi [43, 44]. Trong nghién ctru nay tac gia tap trung vao két qua mo phong
HEM theo chu trinh Japan Mode 10-15 theo thoi gian tir t = 0 véi bude tang thoi gian
0.1 dén hét chu trinh (660 gidy) roi lap lai dén khi SOC=50% thi dirng. Céc két qua

mo phong dic trung dugc thé hién nhu sau:

20 F T T 7. -
Des_spd 0.35 Des_spd
18 Act_spd Act_spd
03
16
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w12+ -~ 02r
E £
.‘? 10 > 015
o 5}
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6 |-
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2
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Hinh 3.28: Dap tig van toc
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Khi m6 phong, van toc toc dap Gmg cla xe rat sat voi van toc yéu cau cua chu

trinh, & nhiing diém thay do61 van toc tot ngot, van toc cua xe van cOn bi tré hodc vot

16, tuy nhién muc do sai léch dudi 0,5%, tot hon nhi€u so vdi do sai Iéch khi xe su

dung bd 4c quy axit — chi 1a ~2% [44]. Nguyén nhan do khdi lugng bd ngudn dién

giam va 1am khoi luong xe gidm gan 30kg, dan dén quan tinh cla xe giam.
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Hinh 3.29: Phan bd cong suat can thiét cia xe
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Khi cong suat kéo yéu cau nam trong vung dong co dot trong c6 hi¢u suat toi

uu thi minh dong co dot trong s€ kéo xe, néu nho hon vung hi€u suat cao thi minh

dong co dién s& kéo xe, néu 16n hon ving hiéu suét t6i vu thi ca hai dong co cling

hoat dong d€ bd sung cong suat dua dong co dot trong vé ¢ vung hi¢u suat to1 uu.
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.32%

m E_electric = E_engine

68%

Hinh 3.31: Ti 1é phan b ning luong
Trong qué trinh md phong, tong ning luong dién tiéu thy chiém 32% tong ning
lugng can cung cip cho xe. Phan ning lugng con lai (68%) do dong co xing cung

cap. Nang luong dién twong duong 48,15% ning luong tir dong co xing.
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Hinh 3.32: Suit tiéu hao nhién liéu va lugng ti€u hao nhién liéu
Luong ti€éu hao nhién li¢u cua Xxe 1a 2,162 1it/100km (ntra tai) va 2,425 1it/100km
(day tai), sudt tiéu hao nhién liéu nay thap hon nhiéu so véi xe nén va xe HEM dung

bd ngudn ic quy axit — chi.

State of Charge
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Hinh 3.33: SOC cua pin Li-ion
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Nhan xét:

Mo phong khong xét dén ning luong thu hdi khi phanh tai sinh tuy nhién két
qua hoat dong cua xe hybrid v6i b ngudn méi rat kha quan.

- O ché d6 chi mot ngudi 14i, lwong tiéu hao nhién liéu (lit/100km) cta xe hybrid
dung bd ngudn Li-ion giam con 2,162; xe hybrid ding bo ngudn ac quy axit chi la
2,521; xe nén 1a 2,693. Quang dudng xe di dugce dén khi SOC = 50% 14 64,366 km;
xe ding bd ngudn dc quy 1 43,431 km.

- O ché @6 day tai luong tiéu hao nhién liéu (1it/100km) ctia xe hybrid Li-ion 1a
2,425; cua xe hybrid dc quy 1a 2,866; ciia xe nén 1a 3,012. Quang duong di dugc dén
ltc SOC=50% ctia xe hybrid Li-ion 1a 54,477 km; cia xe hybrid dc quy 1a 36,487 km.
3.5. Thir nghiém xe véi bd ngudn méi

Vi ly do khéch quan la khi hoan thanh tinh toan va ché tao bo nguén Li-ion thi
hé thdng bang thir cua phong thi nghiém trong diém dong co ddt trong/DH Bach Khoa
TPHCM dang phuc vu thi nghiém nghién ctru khac. Pong thoi xe Honda Lead di cai
tao tai diy dang dugc thao roi dé nghién ciru thay thé b didu khién phan phdi cong
sudt PMS nén tac gia chi lap dit bd nguodn, bo diéu khién dong co dién, dong co dién,
tay ga voi cam bién Hall 1én mot xe Honda Lead khac dé thu nghiém & ché d6 hoat
dong minh dong co dién ma khong thir nghiém xe ¢ ché do hybrid.

3.5.1. Thir nghiém xe & ché do toc d 16n nhat va gia toc 16n nhat

Dia diém thtr nghiém: Puong Nguyén Vin Luogng ndi dai trong pham vi cong
vién van héa Go Vap dugc trai bé tong nhua, c6 d6 déc khong dang ké, doan dudng
thir nghiém thang dai khoang 400m, mit dudng kho, gié ngang nhe.

Xe thir nghiém: kiém tra cac diéu kién hoat dong cua xe nhu ap suit 16p trude
va 16p sau, phanh, nap pin day dén SOC=1 va chay thir, xa pin dén SOC=0.95.

Phuong phap thir nghiém: dong co d6t trong & ché do tit, thir nghiém & ché do
50% tai va 100% tai, mdi ché do 3 1an. Khi xe voi tay ga 1on nhét va ghi lai gia tri

va thoi gian tir lac xuat phat dén luc xe dat toc d6 16n nhat.
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Sau do, dya vao cong thuc: S = vyt + E]tz, truong hop nay v, = 0, t, = 0 va

coi nhu xe chuyén dong nhanh dan déu nén J = %, ta tinh duoc gia toc 16n nhat cua
xe. Két qua thir nghiém va tinh toan trinh bay & bang sau:

Biang 3.6: Két qua thir nghiém xe ¢ ché d6 van tdc 16n nhat

Lin thi Vin toc 16n nhat Thoi gian Gia tbc

(= 2 km/h) (0,15) (m/s?)
50% tai lan 1 51 12,4 1,142473118
50% tai lan 2 54 13,2 1,136363636
50% tailan 3 50 12,2 1,138433515
100% tai lan 1 47 14.9 0,876211782
100% tai 1an 2 50 15,6 0,89031339
100% tai lan 3 46 15,3 0,835148874

So sanh vai két qua tinh toan 1y thuyét 1a 52,76km/h (50% tai) va 48,42 km/h
(100% tai). Cac nguyén nhan c6 thé gy sai s giita thyc nghiém véi tinh toan bao
gom:

- Anh huodng cia stc can gio va viéc chon hé s6 can gio;

- Chon hé s6 can lan chua sat thue té thi nghi¢m;

- Trong luong ngudi ngdi trén xe khi thir nghiém chwa ding véi Iy thuyét (65kg);

- Qué trinh tinh toan 1y thuyét di bo qua mot sb yéu t6 anh huong nho.

Tuy nhién sai 1éch 16n nhét 13 5,07% (50% tai) va 4,97% (100% tai). Sai s6 nay
1a chap nhan duoc va tac gia chap nhan 13y cac két qua tinh toan 1a thong sé dong luc
hoc cua xe sau cai tao.

3.5.2. Thir nghiém xe & ché d géc ddc 16n nhit

Theo két qua tinh toén ly thuyét, khi hoat dong voi minh dong co dién xe c6 kha
nang vuot doc 2,3° = 4% (50% tai) va 1,519 = 2,54% (khi day tai) & van tdc 8,33m/s
(30 km/h).
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bé thur nghi¢m cho xe vuot dbc véi cac dd dbc khac nhau yéu cAu bai thir rat
phirc tap. Trong thir nghiém nay dé don gian tac gia da stir dung cau doc 5% cua bai
tap lai xe tai Trung tim day nghé va gi6i thiéu viéc lam / Truong Pai hoc Tran Pai
Nghia, 189 Nguyén Oanh, P. 10, Quin Go VAap dé thir nghiém tinh ning vuot doc &
ché do chi mot nguoi 14i.

Lam cac budc chuén bi xe nhu muc 3.5.1

Khoi xe cach mép ddc 40m, ting toc va giit tay ga sao cho dong hd tdc d6 cua
xe 6n dinh & khoang 30km/h. Giit nguyén tay ga va tiép can ddc, thir nghiém cho thay
khi xe bat dau tiép can déc, toc d6 giam dan nhung véi chiéu dai dbc 14 25m thi xe
van vuot qua duoc.

Két qua nay nam ngoai mong doi vi theo tinh toan xe chi vugt duoc doc 16n
nhat 12 4%. Nguyén nhan sai 1éch nay c6 thé do khi tinh todn goc dbc tac gia da gia
thiét xe chuyén dong déu véi van tbc nho nén bo qua luc can gio va lyc quan tinh.
Nhung trong thuc té thu nghi¢m, van tdc cua xe giam dan sinh ra mét luc quan tinh
c6 chiéu cung chiéu chuyén dong va giup xe vuot dugc goc ddc 16n hon goc dbec ma
trude do da tinh toan.

3.5.3. Thir nghiém xe & ché @ hanh trinh 16n nhat

Dé thir nghiém & ché d6 hanh trinh 16n nhat, van téc hoat dong cua xe phai gt
¢ dinh & tbc do ma xe hoat dong tiét kiém nhat theo tinh toan 1a 10,57m/s = 38km/h.
Vi diéu kién nay thi viéc chay thir xe trén dudng giao thong trong TPHCM kho dap
ung duoc nén tac gia chon dia diém thi nghiém la bai tap l1ai xe da nén & muc 3.5.2
v6i duong bang trai bé tong nhwra, mdi vong khoang 450m.

Chuén bi xe nhu d3 néu & muc 3.5.1, khoi xe va tang tde dén khoang 38 km/h
va giit ¢b dinh tay ga cho xe chuyén dong déu dén khi SOC=20% mach BMS ngit
dién thi ghi lai téng thoi gian xe chuyén dong. Thir nghiém & ché do nira tai mot lan
va nap diy pin, ngady hom sau thir nghiém & ché d6 day tai mot lan. Két qua thu
nghiém nhu sau:

Ché do 50% tai, xe di dugc trong thoi gian 1h55p15s = 6915 s
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Ché d6 100% tai, xe di duoc trong thoi gian 1h36p19s = 5779 s

Vi xe chuyén dong déu voi van tée 38 km/h = 10,57 m/s nén ta dé dang tinh

dugc quing duong 16n nhat ma xe di duo trong hai trudng hop:

- Truong hop 50% tai: S1 = 10,57 x 6915 = 73091 m = 73,091 km
- Truong hop 100% tai: Sz = 10,57 x 5779 = 61084 m = 61,084 km

Bang 3.7: So sanh két qua thuc nghiém va tinh todn quing duong 16n nhit

) Quang dwong tinh toan | Quang dwong thue nghiém | Sai léch
Che dé
(km) (km) (%)
50% tai 78,77 73,091 7,2
100% tai 65,83 61,084 7,2

So sanh két qua thuc nghiém vd&i tinh toan véi thuc nghiém ta thiy gid tri thyuc

nghiém trong ca hai truong hop déu thap hon 7,2% so vai tinh toan. Nguyén nhan sai

léch o thé do trong qua trinh thyc nghiém anh hudng bai stc can gio, dong thoi trong

qua trinh thyc nghiém vén toc xe khong ¢ dinh ma luon dao dong quanh gia tri

38km/h. Piéu nay lam cho ton thit ctia dong co dién tang 1én do hiéu suat khong ding

¢ muc to1 wu va gay ra anh hudéng nho boi lyc quan tinh.

Bang 3.8: Tinh ning dong luc hoc cua xe khi sir dung bo ngudn pin Li-ion

Xe hybrid dc quy axit S
. Xe hybrid pin Li-ion
Tinh nang - chi
50% tai | 100% tai | 50% tai | 100% tai
Tiéu hao nhién liéu (lit/100km) 2,521 2,866 2,162 2,425
Quing dwong di dwoe ¢ ché dd
, 43,431 36,487 64,366 54,477
hybrid den khi SOC = 50% (km)
Quing duong tdi da khi chi sir
47,6 42,4 78,77 65,83
dung dong co dién (km)
Vin toc 16n nhat khi chi sir dung
44,75 41,3 52,67 48,42
dong co dién (km/h)
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Do doc 16n nhat Khi chi sir dung

dong co dién (%0)

3,54

2,39

2,54

Khoi lwgng xe sau cai tao (kg)

238

303

208

273

Khdi lwgng b ngudn 41,6 10,84
Thé tich bd nguon (lit) 14,5 6,53
Thé tich b nguodn + voé hop (lit) 21 8,11
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Chuwong 4
TiNH TOAN CHI PHi PAU TU, KHAI THAC

4.1. Tinh toan chi phi du tw

Chi phi dau tu va cai tao ban dau xe Honda Lead 110 cc thanh xe hybrid dwgc

tinh toan nhu sau:

Bang 4.1: Chi phi diu tu cai tao xe Honda Lead (Ti gia $: 23.400VND)

NGi dung S6 lwong Pon gia | Thanh tién | Thanh tién
‘ ’ (3) $) (VND)

Chi phi mua xe mai 1 1709 1709 40.000.000
Dong co BLDC 48V-1000W 1 117 117 2.737.800
Bo diéu khién DLDC 1 24 24 561.600
Tay ga két hop Hall sensor 1 8.2 8.2 191.880
Cell pin li-ion 180 2.3 414 9.687.600
BMS 1 14 14 327.600
PMS 1 12 12 280.800
Gia cong co khi + nhan cong 1 100 100 2.340.000

Tong cong 56.127.280

Trong do:

- Chi phi mua xe mai: 40.000.000d

- B pin: 9.687.600d

- C&c vat tu va chi phi khac: 6.439.680d
4.2. Tinh toan chi phi khai thac sir dung

Pé tinh toan chi phi khai thac cho xe nén va xe cai tao, tac gia chon phuong an
tinh toan va quy doi tat ca cac khau hao va chi phi khai thac co ban /1km hoat dong.

4.2.1. Khau hao xe nén va chi phi cai tao

Theo nghién cau cua dng Tung [54] thi tudi tho xe may phu thudc vao nhiéu
yéu td nhu chat luong san xuat, méi trudng, dia hinh sir dung, cong tac bao dudng
sua chira va thoi quen sir dung cta nguoi dan... Nhung tinh trung binh thi xe may &
Viét Nam c6 tudi tho khoang 200.000 km véi hai 1an sira chira 16n & 100.000 km va
0 150.000 km.

99



Cin vao két qua md phong ¢ chuwong 3, khi hoat dong & ché do hybrid véi chu
trinh Japan 10-15 Mode thi cong suat do dong co dién tao ra chiém 48,15% tong cong
suat can thiét cia xe nén dé don gian cho tinh toan chi phi khai théc, tac gia chap
nhan gia thiét 1a tat ca cac chi tiét, vat tu cua dong co dét trong va hé thong truyén
luc cta xe nguyén ban ¢ tan suat hoat dong it hon xe nén va tudi tho cia ching ciing
duoc kéo dai thém 48,15%. Nhu vay, tudi tho cua xe hybrid vao khoang 296.300 km.

- Khau hao xe nén: 40.000.000d/200.000km = 200 d/km.

- Khéu hao vat tu cai tao: 6.439.000/296300 = 21,73 d/km.

- Khau hao xe nén chay & ché d6 hybrid: 40.000.000/296300 = 135 d/km.

4.2.2. Chi phi nhién li¢u

Ché do mot ngudi 1ai, xe hybrid tiéu hao 2,162 1it/100km, xe nén tiéu hao 2,693
lit/100km con & ché do toan tai la 2,425 va 3,012 1it/100km. Theo két qua cua nghién
ctru trudc [12], hé sb st dung cua xe may ¢ THHCM 1a 1,25. Nghia 1a cit 3 xe cho 1
nguoi thi cd 1 xe chd 2 nguoi. Tur do, ta tinh dugce lugng tiéu hao trung binh cta xe
hybrid va xe nén Ia:

Tiéu hao trung binh xe nen: (2,693 x 3 + 3,012)/4 = 2,77275 lit/100km

Tiéu hao trung binh xe hybrid: (2,162 x 3 + 2,425)/4 = 2,22775 lit/100km

Giéd xang A95 tai TPHCM vao thang 6/2019 1am tron 1a 20.000 d/lit

Chi phi nhién liéu xe nén 1a: 2,77275 x 20.000 / 100 = 554,55 d/km

Chi phi nhién li¢u xe hybrid la: 2,22775 x 20.000 /100 = 445,55 d/km

4.2.3. Khau hao pin va chi phi sac dién cia xe hybrid

Vi chu trinh hoat dong ngurng xa & SOC=50%, theo dac tinh cua cell va bo
ngudn Li-ion d3 trinh bay & chuong 3, tudi tho caa pin 16n hon 2.000 chu ky ma van
bao dam dung luwong pin khéng tut dudi 50%. Moi chu ky nap xa 50% dung luong
thi xe hybrid di duoc 64,336 km, ta tinh duoc tudi tho pin 12 128.672 km.

Khau hao pin 12 9.687.000/128.672 = 75,284 d/km

Cong suat bo pin 1a: 12V x 33Ah = 1584 Wh
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MJi 1an nap 50% dung luong tiéu hao dién nang 0,792kWh véi don gia dién
udce tinh 2000 d/kWh

Chi phi nap dién la: 0,792 x 2000 / 64,336 = 24,62 d/km

4.2.4. Céc chi phi va khau hao co ban khac

Theo tai liéu huéng dan van hanh va bao tri Honda Lead 110cc [55], quy dinh
vé chu ky bao dudng, stra chira va tudi tho mot sé phu ting vat tu hao mon ty nhién
cua xe. Két hop vai bang bao gia cac dich vu va phu ting vat tu caa dai ly ay quyén
cua Honda Viét Nam tai TPHCM, ta tinh dwoc chi phi va cac khau hao sau:

- Ac quy khai dong: Str dung dc quy khd 12V — 7Ah ¢6 don gia 450.000d va
tudi tho khoang 30.000 km

Khau hao ac quy véi xe nén: 450.000/30.000 = 15 d/km

Khau hao ac quy xe hybrid: 450.000 / 30.000 x 1,4815 = 10,12 d/km

- Bao dudng 1: 2.000 km

Xe nén: 600.000 / 2.000 = 300 d/km

Xe hybrid: 600.000/2.963 =202,5 d/km

- Béo dudng 2: 5.000 km

Xe nén: 1.100.000/5.000 = 220 d/km

Xe hybrid: 1.100.000/7.407 = 148,5 d/km

- Stra chita I16n 1an 1: 100.000 km

Xe nén: 3.000.000/100.000 = 30 d/km

Xe hybrid: 3.000.000/148.150 = 20,25 d/km

- Stra chita 16n 1an 2: 150.000 km

Xe nén: 5.000.000 / 150.000 = 33,33 d/km

Xe hybrid: 5.000.000/222.225 = 22,5 d/km

Céc chi phi va khau hao khac giita hai xe xem nhu bang nhau.
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4.3. Panh gia chi phi diu tw khai thac
Tir két qua tinh todn ¢ trén, ta 1ap bang va vé& biéu dd chi phi dau tu khai théc,
xéac dinh diém hoa vén khi tién hanh cai tao va cho xe hoat dong.

Bang 4.2: So sanh chi phi dau tu khai thac xe nén va xe hybrid

Ngi dung Chi‘phl' (x 1000d) Quﬁflg dwong (km) Cl‘li phi (d/km)
Xe nén Xe hybrid Xe nén Xe hybrid Xe nén Xe hybrid
Khau hao xe nén 40.000 40.000 200.000 296.300 200 135
Khau hao cai tao 0 6.439 0 296.300 0 21,73
Nhién ligu 55,455 44,555 100 100 554,55 445,55
Nap dién 0 1,584 0 64,336 0 24,62
Pin Li-ion 0 9.687 0 128.672 0 75,28
Ac quy khéi dong 450 450 30.000 44.445 15 10,125
Bao dwdng 1 600 600 2.000 2.963 300 202,5
Béao dwdng 2 1.100 1.100 5.000 7.407,5 220 148,5
Sira chira I6n lan 1 3.000 3.000 100.000 148.150 30 20,25
Sira chira I6n lan 2 5.000 5.000 150.000 222.225 33,33 22,5
Téng 1.352,89 1.106,06

400000

350000
£ 300000
3 250000
200000
150000

100000

Chi phi dau tu khai thac (Ngan dong)

Xe hybrid Li-ion

=== Xe nén Honda Lead 110cc

Chi phi dau tu khai thac xe

50000 #
0
O N OO0OONTT OO ANT OO ANTIT OO N I O
S AN MO T OMN~NOOOOANMSTL OO O TN < IO O~ 0
LA d A A A A A AN NNNNNNN
Quang duong khai thac (x1000 km)

Hinh 4.1: So sanh chi phi ddu tu khai thac xe hybrid va xe nén
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Qua d6 thi trén, ta c6 nhan xét:

- Chi phi d4u tu ban dau caa xe hybrid cai tao cao hon xe nén gan 16 triéu dong.
Tuy nhién, trong qua trinh khai thac stir dung thi ctr khai thac 1km thi chi xe hybrid
thap hon xe nén 246,88d. Biém hoa von khi dau tu cai tao va khai thac xe hybrid véi
bd ngudn Li-ion ¢ khoang 26.000 km.

- Nghién ctu cia dng Tung [54] cho thiy, quing dudng di chuyén trung binh
bang xe may cua ngudi dan TP.HCM 1a 23 km/ngay, tuong duong 8.395 km/nam.
Nhu vay néu dau tu cai tao xe Honda Lead thanh xe hybrid thi sau khoang 3,1 nim
s& hoa vén.

- Sau 3,1 nam, ctr khai thac thém 1km thi chi phi khai thac giam dugc 246,884
nén tinh dén khi khai thac hét tudi tho xe nén 1a 200.000 km twong duong 23,8 nim
thi chi phi dau tu khai thac xe hybrid giam duoc 43 triéu dong, twong duwong sé tién
dé mua mot xe mai.

- Tinh trén toan TPHCM véi khoang 8,6 triéu xe may, néu dau tu cai tao Cac xe
may ding nhién liéu xang truyén thong thanh xe hybrid thi tn 137.600 ty dong nhung
sau 23,8 nim, chi phi khai thac giam duoc 369.800 ty dong, trir di tién dau tu ban dau
thi sé tién tiét kiém duoc 1a 232.200 ty ddng. Néu so sanh véi gia thanh dudng cao
tbc TPHCM — Long Thanh — Dau Gidy la 375 ty dong/km (tong vén 20.630 cho
55km), s6 tién nay cd thé xay dung co s ha ting giao thong twong duong khoang
600 km dudng cao toc. Bong thoi nhu cau xang A95 s& giam gan 9,4 trieu me. So
sanh véi muc tiéu thy xing ciia ca nudc 6 thang dau nam 2018 1a 4,43 triéu m3 [57].
Luong xang dau tiét kiém du cung cap xang cho ca nude trong khoang 1 nam.

Nhu vay, Viéc cai tao xe gan may st dung dong co dbt trong vai nhién lidu xang
truyén théng thanh xe may hybrid vira dat dwoc tinh kinh té nhién liéu, giam duoc
luong tiéu thu xang dau bao dam an ninh ning lugng dong thoi giam phat thai 50%
CO va HC ra méi truong [58].
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Chuwong 5
KET LUAN VA KIEN NGHI

5.1. Két luan

5.1.1. Céc két qua da dat dwoc

Dé tai “Nghién cru ti vu tinh ning bd ngudn pin Lithium — ion va chi phi van
hanh cho xe gan may tich hop truyén dong lai” di giai quyét duoc nitng van dé sau:

- Nghién ctru tinh hinh va xu hudng phét trién xe gan may ¢ cac thanh phé Ién
tai Viét Nam n6i chung va TPHCM ndi riéng, phan tich wu nhuoc diém caa xe xang
va xe dién tur do di sau vao giai phap cai tao xe xang thanh xe hybrid.

- Nghién ciru tong quan vé tinh hinh nghién cir trong va ngoai nudce ¢6 lién quan
dén linh vuc xe hybrid dic biét 1a xe may hybrid. Ttr d6 xem xét cac van dé con vudng
mac trong Viéc cai tao xe may thanh xe hybrid va dé ra huéng giai quyét hai trong
cac vudng mac do 1a tdi wu bd nguon dién va chi phi dau tu, khai thac xe sau cai tao.

- Trinh bay co s& Iy thuyét vé xe hybrid, phuong 4n cai tao xe phuong an cai
tao Xe nén thanh xe hybrid, co 1y thuyét vé md hinh va md phong.

- Phan tich wu nhuoc diém cua cac hé thng luu trit ning luong sir dung trén xe
hybrid, lra chon phuong an, thiét ké, ché tao va tha nghiém bo ngudn pin Li-ion 48V
— 33Ah va mach BMS dép g duoc yéu cau tinh nang dong luc hoc va phi hop diéu
kién hoat dong cua xe.

- Trinh bay co sé ly thuyét vé toi uu, phuong phap giai bai toan phan phéi cong
suit dé téi wu tinh nang bd ngudn pin Li-ion dya trén muc tiéu tdi wu ham chi phi
nhung phai bao dam diéu kién vé yéu cau dong luc hoc cia xe va tudi tho ciing nhu
SOC cua bo nguén.

- Tinh toan, kiém nghiém xe ¢ cac diéu kién viéc, md phong xe hybrid trong
Matlab Simulink, thir nghiém thuc té dé danh gia tinh nang dong luc hoc cua xe va
tinh kinh té nhién liéu.

- Tinh toan chi phi dau tu, cai tao va khai thac xe hybrid cai tao, so sanh véi xe

nén va dua ra cac danh gia.
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- Hoan thanh 01 bai bao c6 d6 dai 09 trang ding trén Tap chi Phat trién Khoa
hoc va Cong ngh¢, Pai hoc Quéc gia TPHCM, tap 20, s K6-2017, tr.51 - 59.

5.1.2. Céc han ché

Mic du dat duoc nhiéu két qua kha quan tuy nhién dé tai van con mot sé han
ché sau:

- Khéi luong cdng viéc can nghién ciru nhiéu, ban than tac gia vira cong tac vira
hoc tap nghién ciru nén d¢é tai da khong hoan thanh ding tién do.

- Két qua tinh toan va mo phong xe hybrid chua xét dén trudng hop phanh téi
sinh dé thu hdi nang lwong phanh nap lai cho bo pin.

- biéu kién thuc nghiém chua tét nén két qua thuc nghiém chua sat két qua tinh
toan md phong (c6 két qua sai léch dén 7,2%).

- Qué trinh thyc nghiém méi chi thuc hién duoc & ché d6 minh dong co dién
hoat dong ma khdng thtr nghiém duoc xe & ché do hybrid.

- Chi phi dau tu khai thac chi méi tinh theo xe méi trong khi dinh huéng khéch
hang cua nghién ciu 1a cac xe may chay dong co xiang dang st dung. Dong thoi tac
gia chua xét dén chi phi chat xdm nghién ciu va chuyén giao.

5.2. Kién nghi

Véi két qua cua dé tai cung voi két qua caa nhitng nghién ctu trude di giai
quyét hau hét céc van dé dat ra khi cai tao xe Honda Lead 110cc thanh xe hybrid xing
— dién, do la:

- Lya chon phuong 4n cai tao, bé tri chung;

- Tinh to&n sy anh hudng caa viéc cai tao dén tinh ning dong luc hoc cua xe;

- Xac dinh cac ché do 1am viéc, phuong phap phan phdi cong suat caa bo diéu
khién PMS;

- T6i wu phan phdi cong suat;

- T6i wu ngudn ning luong;

- Tinh toan chi phi dau tu khai thac;

- Tinh toan khi thai.
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Dé dé tai hoan thién hon, cac van dé sau day can tiép tuc duoc nghién cuu:

- Tinh todn, md phong, thir nghiém xe cai tao & ché do phanh tai sinh;

- Tinh to&n su anh huéng cua Viéc cai tao dén d6 bam, tinh ning 1ai khi 1ap
dong co dién dan dong banh trudc;

- Hoan thién thiét ké va cong nghé ché tao dé c6 thé tién hanh trén dién rong.
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1. M6 hinh ngwai lai
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PHU LUC 2
MO HINH VA MA NGUON MATLAB/SIMULINK
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3. M6 hinh dong co dién
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5. Md hinh bd nguén pin Li-ion
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6. M6 hinh dong luc hoc than xe
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7. Code chwong trinh diéu khién cong suat Rule — based control

function [Pe demand, Pm demand, P brake, MODE NUM, ModeSet] =
fecn (P_demand, SOC, SOC min, SOC max, Peff max, Peff min, MODE NUMI,
Pm max, P_charge)

Pm_ demand=0;

P brake=0;
Pe demand=0;
MODE_NUM=1;
ModeSet=0;
if SOC<SOC min
MODE_NUM=0;
else
if SOC>SOC _max
MODE_NUM=1;
else
if SOC>=S0C min && SOC<=SOC_max
if MODE_NUM1==
MODE_NUM=1;
else
MODE_NUM=0;
end
end
end
end
if P_demand>=0;
P brake=0;

if MODE_NUM1~=O
if P_demand<Peff min
Pe demand=0;
Pm_demand=P_demand;
ModeSet=11;
else
if (P_demand>=Peff min) && (P_demand<Peff max)
Pe demand=P_ demand;
Pm_ demand=0;
ModeSet=12;
else
if (P_demand>=Peff max) && (P _demand<=(Peff max+Pm max))
Pe demand=Peff max;
Pm demand=P demandPe_ demand;
ModeSet=13;
else
if P _demand> (Peff max+Pm max)
Pm_demand=Pm max;
Pe demand=P_ demand-Pm_demand;
ModeSet=14;
end
end
end
end
else
if P_demand<Peff max
Pm_ demand=0;
Pe demand=P_demand;
ModeSet=22;
else
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Pe demand=Peff max;
Pm demand=P_ demandPe demand;
ModeSet=23;
end
end
if Pm demand>Pm max
Pe demand=Pe demand+ (Pm_ demandPm max) ;
Pm_demand=Pm max;
ModeSet=24;
end
if Pm demand<0
Pe demand=P_demand;
Pm_ demand=0;
end
else
P brake=P demand;
Pe demand=0;
Pm_ demand=0;
ModeSet=30;
End

123



DAl HOC QUOC GIA TP HO CHI MINH
VIETNAM NATIONAL UNIVERSITY - HOCHIMINH CITY

ISSN 1859 -0128

TAP CHI

Phat trién khoa hoc & cong nghé

SCIENCE & TECHNOLOGY DEVELOPMENT JOURNAL

KY THUAT & CONG NGHE

ENGINEERING & TECHNOLOGY

124



Tap chi Phat trién Khoa hoc va Cong nghé, tap 20, sé K6-2017 51

Nghién ctru toi wu tinh ning lam viéc cua pin
Lithtum-ion st dung cho xe gan may tich hop
truyén dong lai

Nguyén Vin Trang, Pham Tuan Anh, Nguyén Duy Tan

Tém tit — Bai bdo gi6i thiéu tong quan vé
pin Lithium - Ion (Li-ion), khi ning wng dung
clia n6 doi véi cac loai phuong tién sir dung
truyén dong lai (HEV — Hybrid Electric Vehicle)
noi chung va kha niang wng dung pin Li-ion trén
xe gin may tich hop truyén dong lai néi riéng.
Nghién ciru nay tip trung vao viéc tinh toan toi
wu, so sinh va thir nghiém bd ngudn pin Li-ion
cho xe mdy lai xing dién (HEM - Hybrid
Electric Motorcycle) dwge cii tao tir xe nén
Honda Lead 110cc véi banh trwéc dwge dén
dong truc tiép bing dong co dién mdt chiéu
khong chéi than (BLDC - Brushless DC Electric
Motor), banh sau dugc din dong bang dong co
dot trong voi bo truyen vo cap nguyén ban cua
xe. Ca hai banh déu c¢é kha ning cung cap cong
suét doc 1ap hodc dong thoi cho xe khi di chuyen
trén duong, Két qua cia nghién ciru la co so dé
tinh to4n t6i wu nguon cong suét va chi phi khai
thac xe sau khi cdi tao.

Tir khoa: pin Lithium-ion, Hybrid Electric
Motorcycle, xe gian may lai

1 GIOI THIEU
Hﬁu hét cac phuong tién giao thong hién nay
dang sir dung dong co ddt trong véi nhién
li¢u hoa thach, cac déng co nay co higu suat khéng
cao va thai ra moi truong gan mot phan ba lwong

Bai bdo nay duoc gii vao ngay 25 thang 05 nam 2017 va
ditpe chdp nhén ding vao ngay 11 thang 09 ndm 2017.

Xin chan thanh cam on Khoa Tiéu chuin — Po ludng — Chat
lugng, truong Bai hoe Trin Dai Nghia; Phong Thi nghiém trong
diém déng co ddt trong, Truong Pai hoe Béch Khoa — PHQG-
HCM; Truong Pai hoc Su pham Ky thudt TP.HCM da gitp do
chiing t6i thyc hién nghién ciru nay.

Nguyén Vin Trang, Khoa Ca khi Bang lue, Truong Dai hoc
Su pham K¥ thuat TP.HCM (email: trangnv@hcmute.edu.vn)

Pham Tuén A, Khoa Ky thuat Giao thong, Trudng Pai hoc
Bach Khoa — PHQG-HCM (email: anh195vn@hcemut.edu.vn)

Nguyén Duy Tén, Khoa Ting thiét gidp, Truong Pai hoc
Tran Pai Nghia (email: duytan719@gmail.com)

khi gay hi¢u ing nha kinh [1]. Két qua nghién ctru
6 thang dau nam 2017, khi thai cua phwong tién
giao thong tao ra 55% khi NOx, 56% khi CO, 6%
khi SO; [2]. Chinh diéu nay di tao dong lyc cho
cac nghién clru xoay quanh viéc phat trién cac dong
xe st dung nguon ning hrong méi “sach” hon va
tiét kiém hon, trong d6 xe dién (EV-Electric
Vehicle) 1a mot bude tién 1on khi giai quyét duoc
van dé 6 nhiém moi truong va van dé nhién lidu
hoa thach dang ngdy mot can dan. Tuy nhién, xe
dién chwa thé trién khai rong rdi vi con nhiéu
vuéng mac nhu: chi phi san xudt cao; cong suét
riéng cua dong co thép; du trit hanh trinh nho; tén
nhiéu thoi gian nap dién cho accu; thoi quen su
dung. Xe lai dugc dinh nghia 13 xe ¢o st dung két
hop hai ngudn ning luong, dwoc xem 13 mot bude
trung gian 1y tudng trong qué trinh chuyén doi xe
sir dung nhién lidu truyén théng sang xe st dung
cac ngudn ning luong méi. Trong do, xe lai xing -
dién 1a loai phd bién va thuc tién nhét hién nay. Xe
lai s& dap (g duoc céc tidu chuan khi thai nghiém
ngit, tinh kinh té nhién lidu ting dang ké trong khi
tinh nang dong luc hoc khong thay déi nhiéu so vdi
xe truyén théng do két hop dwoc wu diém cua hai
nguf)n dong luc 1a dong co dét trong va dong co
dién déng thoi khic phuc nhugc diém ton tai cua
mdi nguon khi hoat dong doc lap.

Xe gin méay hién dang la phuong tién phd bién
tai cic thanh phd 16n cia cic nude Pong Nam A.
Tai Thanh phd H6 Chi Minh (Tp.HCM), tinh dén
dau nim 2016 toan thanh phd c6 khoang 8,5 triéu
xe may [3] va tiép tuc chua cim xe may dén nim
2030 [4]. Céc xe nay hoat dong ¢ diéu kién thanh
phd vai dai toe d6 va tai thap, ting giam tdc do lién
tuc, dong co xing hau nhu khéng thé duy tri hoat
dong & ving hiéu sudt cao, trén xe ciing khong
trang bi bd xir 1y khi thai nén khi thai ciia xe may
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chira nhiéu thanh phan dgc hai thai truc tiép ra moi
truong. Diéu dic biét 1a tai Viét Nam hién nay chua
c¢6 ché tai nao qui dinh bét budc kiém tra dinh ky
chit lugng khi thai d6i voi xe may nén bai toan dat
ra la can giai quyét tinh kinh té nhién li¢u va giam
thiéu 6 nhiém méi truong do phuong tién nay giy
ra. Giai phap san xudt méi xe lai dé co thé thay thé
hon 8,5 tri¢u xe hién dang str dung tai Tp. HCM s¢
t6n rt nhiéu thoi gian va chi phi, vi vay nghién ctru
nay di tap trung vao viéc cai tao xe mdy truyén
théng thanh xe HEM, tan dung dugc mét lugng 16n
xe may dang hoat dong hién nay.

Trong khudén kho dé tai ma sd C2015-20-35,
Truong Pai hoc Bach Khoa — PHQG Tp. HCM dé
xuét phuong an tich hop cong nghé hybrid trén xe
nén Honda Lead 110cc. Phuong 4n dua ra la s
dung dong co BLDC dan dong truc tiép banh trudce
lam nguén dong lyc thir hai, banh sau dugc dan
dong bang dong co dbt trong voi bo truyén vo cap
nguyén ban. Tir 46 Pham Tuan Anh [5] va cic cong
su da nghién ciru lya chon phuong an bb tri chung;
lya chon dong co dién, may phat, va accu; nguyén
Iy hoat dong cuia bo diéu khién va phan phdi cong
suat (PMS - Power Management System) theo cac
ché d6 hoat dong khac nhau cua xe may lai va sau
d6 Huynh Thinh [6] di tién hanh mé hinh hoa va
mod phong phuong an nay. Két qua cho thay khi xe
chi hoat dong vdi dong co dién, xe may lai cod thé
dat dén van tde tdi da 1a 44,2 km/h khi di chuyén on
dinh trén duong béng, va do dbc 16n nhét xe co thé
vuot dugce 1a 3,54% cho truong hop 50% tai. Tuy
nhién viéc chon nguén luu trit dién nang la 4 ic
quy 12V-30Ah lam khdi lugng xe ting 1én hon
60kg lam anh huong khong nho dén kha nang luu
trlr dién nang va tinh nang dong luc hoc cua xe
ddng thoi vi tri 1ap accu chiém hét ngin chira do
(U-Box) gy bét tién trong sir dung. Vi vy, nghién
clru nay tap trung vao viéc lya chon, tinh toan va
thtr nghiém mot bo nguén tiém nang hon do c6 mat
do nang luong cao hon, chinh 14 pin Li-ion c6 trong
luong va kich thuéc nho gon nhdm khic phuc
nhuoc diém ciia bo accu hién dang sir dung.

2 PIN LITHIUM-ION
Pin Lithium - ion (Li-ion) la mdt loai pin dién
hoa thuan nghich, trong d6 cac ion Li* di chuyén tir
dién cuc 4m dén cuc duong trong qua trinh phong,
va nguoc lai khi nap di¢n.

»*P
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Hinh 1. Thi truong pin Li-ion 2008-2014 [7]

Khi méi ra doi thi pin Li-ion chi yéu dugc sir
dung lam nguf)n dién cho cac thiét bi di dong nhu:
dién thoai di dong, may tinh xach tay, cac thiét bi
giai tri da phuong tién. Tuy nhién véi cac uu diém
ndi troi thi Pin Li-ion ngay cang duoc sir dung rong
rai cho cac loai xe dién va xe lai. Tinh dén niam
2014 thi 73% thi truong pin Li-ion 1a cung cip cho
xe dién va xe lai. (Hinh 1)

2.1 Cdu tao

Pin Li-ion c6 céu tao gém 4 pha“m chinh: dién cuc
am, dién cuc duong, mang ngan cach dién va chét
dién phan (hinh 2).

Top Cap

Gasket
(Positive Terminal) Vot

Cathode Tab

Steel-Can
(Negative Terminal)

©2006 HowStuffWorks

Hinh 2. C4u tao pin Li-ion hinh tru [19]

Pién cuc 4m (Cathode): thuong duge ndi véi vo
pin va dugc lam tr graphit (than chi) cé chuc nang
Iwu gitr cac ion Li* trong tinh thé.

Dién cuc duong (Anot) thuong dugc cu thanh
tr mot 16p oxit (nhu lithium cobalt oxide), mot
polyanion (nhu lithium sit photphat), hodc mot
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spinel (nhu lithium oxit mangan). Khi c6 dong dién
chay qua, nguyén tir lithium dé dang tach khoi céu
truc tao thanh ion duong Li*

Mang ngéan cach di¢n (separator) & mang mong
dugc lam bfmg nhua PE hodc PP nam gilra cuc
duong va cuc am, co nhiéu 18 nhé ¢6 chic nang
ngin cach gilta cuc dwong va cuc 4m nhung van
cho céc ion Li* di qua. Mt s6 pin mang ngin cach
¢6 kha nang khit lai khi nhiét d cao, khong cho Li*
di qua.

Chat dién phan (Electrolyte): thuong la chit long
chtta hdn hop cua cacbonat hitu co nhu ethylene
cacbonat hodc cacbonat diethyl chira phirc hop cta
cac ion lithium. Tuy thudc vao vat li¢u ché tao ma
dién ap, cong sut, sé chu ky phong-nap va an toan
clia pin Li-ion ¢6 thé thay doi dang ké. Gan day,
kién trac méi sir dung cong nghé nano da dugc su
dung dé cai thién hiéu suat cua pin.

Lithium tinh khiét phan ng manh véi nuéc dé
tao thanh lithium hydroxide va khi hydro. Vi vay,
pin Li-ion luén sir dung chat dién phan khong c6
nude (thap hon 0.001%) va dugc dong goi trong
mot 16p vo kin va chédc chin. Ngoai ra, pin Li-ion
c¢6 thé dugc ché tao c6 15 thoat khi dé tranh pin bi
n6 khi ap suét bén trong ting cao.

2.2 Nguyén ly hoat dong

Khi dat mot dién ap mét chiéu vao pin, luc nay
xdy ra qua trinh nap. Tai cuc duong xay ra hién
tuong dién phan khién nguyén tir Li bi tach ra tao
thanh ion Li". Dudi tac dong cua dién truong tao ra
do hiéu dién thé mét chiéu 4p 1én cuc duong va am
khién cac ion Li+ chuyén dong tir cyc duong sang
cuc am va bi giilr lai trong cadc mang tinh thé cacbon
tai cuc am (hinh 3).

' Chonger, ineg

ooooooooooooo
.

Electrolyte
(Polymer battery: gel polymer electrolyte)

©2006 MowStuttwores !

Hinh 3. Qua trinh nap pin Li-ion [19]

Trong qua trinh nap, su di chuyén cta ion Li* tir
cuc duong sang cuc am hinh thanh nén mdt hi¢u
dién thé gitra 2 cuc (hinh 4).

) Load

Hinh 4. Qua trinh xa pin Li-ion [19]

Khi ndi tai tiéu thu vao giira hai cuc s& xuat hién
dong dién chay qua tai va cac ion Li" cling thoat ra
khoi cac tinh thé cacbon & cuc am va chuyén dong
vé cuc duong. Céac ion Li" bat dau di chuyén tir
cuc duong sang cuc am khi dién ap pin khoang 3V
va rat it di chuyén khi dién ap pin 16n hon 4.2V do
vay cac thiét bi nap pin Lion thuong duy tri dién ap
nap cao nhit1a 4.2 V.

Uu diém ciia pin Li-ion

- Pin Li-ion ¢6 khéi lwong va kich thudc nho.

- C6 s chu ky nap-xa 1én, khoang 500-1000
lan.

- Pin ¢6 tudi tho khoang 2-3 nam.

- Pay la loai pin c6 mat d¢ nang lugng cao
(trén 500Wh/kg), mot s6 loai pin Li-ion ¢6 thé dat
trén 1800Wh/kg [8].

- Khoéng c6 hiéu tng nhé nén co thé sac bat ky
lic nao ma khong nhat thiét phai doi xa hét dung
lugng mai nap lai.

- Dong xa 16n, ¢ thé 1én dén 30-35 lan dung
lugng (C) trong thoi gian ngan.

- Dong nap tire thoi ¢6 thé 16n dén 10C.

Nhuwoc diém ciia pin Li-ion

- Pin ¢6 hi¢u ing tu xa, khoang 5-10%/thang.

- Khi dién ap pin thap dudi 3V hodc cao qua
4,2V ¢6 thé lam hong pin.

- Co6 gia thanh twong d6i cao, khoang 300-
500$/kWh.

- Rat nhay cam va d& hu hong boi nhiét, chi
nén dung pin ¢ nhiét do < 60°C.
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2.3 Phuong phdp nap pin Li-ion

Do ban chét héa hoc nén pin Li-ion khong thé
nap theo phuwong phap binh thuéng nhu accu hay
pin Niken ma ¢é chu trinh nap riéng. Chu trinh nap
pin Li-ion gdm 02 giai doan (Hinh 5): Giai doan
nap 6n dong va giai doan nap 6n ap.

Nap 6n dong: dong dién nap dugc giir khong doi
bing C/2 dén C. Dong dién nap cang 16n, giai doan
nap 6n dong cang ngin nhung giai doan nap 6n ap
s¢ cang dai; tuy vy, tong thoi gian nap ca 2 giai
doan thudng khong qua 3h. Dong thoi, dong dién
16n s& lam tang nhiét d6 cta pin. Trong qua trinh
nap can theo doi nhiét do sat sao vi nhiét do qua
cao s& c6 thé 1am cho pin boc chay hodc phat nd.
Thong thuong, nhiét dd khong nén vugt qua 45°C
trir mot sé pin Li-ion sir dung cong nghé lithium-
ferro-photphat (LiFePO4) c6 thé day nhiét do khi
nap 1én dén 60°C. Trong qué trinh nap 6n dong,
dién ap trén hai dién cyc cla pin ting dan. Khi dién
ap nap bang stre dién dong cua pin lac ddy, b nap
két thic qué trinh nap 6n dong va chuyén sang ché
do nap 6n ap. Toan b thoi gian nap on dong
thuong kéo dai t6i da khoang 1h (tuy thudc vao
dung lugng con lai ban dau cua pin). Két thuc qua
trinh nap 6n dong, dung lugng pin di phuc hdi
duge khoang 70% (hinh 5).
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Hinh 5. Chu trinh nap Pin Li-ion [9]

Trong nhidu trwong hgp sac nhanh (quick-
charge) nguoi ta c6 thé su dung phuong phap
“charge-and-run”. Didu nay mic dii lam giam thoi
gian sac dong thoi 1am cho thiét ké cta bd nap don
gian hon rat nhiéu nhung mit khac s& lam giam
tudi tho pin. D& dam bao tudi tho cua pin theo ding
théng s nha san xuit dua ra, ngudi ta thuong phai
tién hanh ca giai doan nap 6n 4p — thuong mat thoi
gian hon rat nhiéu so v&i giai doan nap 6n dong.

Nap 6n ap: trong ché dé nap 6n ap, dién ap
nap thuong duge giit khong déi bang 4,2V/cell. Do
dung luong cia pin phuc hdi dan, sirc dién dong
clia pin ting lén lam cho dong dién giam dan. Khi
dong dién giam vé nho hon 3%C, ché d6 nap 6n ap
két thiic. Luc nay, dung luong pin dat khoang 99%.

Khac véi pin Nikel hodc accu acid-chi, pin Li-
jon khéng cin va ciing khong duoc phép duy tri
viéc nap sau khi pin di ddy vi tinh chit cua
Lithium-ion khong cho phép over-charge; néu van
¢b over-charge pin sé sinh nhiét, khi CO, lam ting
4p suat trong pin va gdy ra nd. Ngoai ra, khong
duoc nap pin Li-ion vuot qua 100% dung lugng.

Théng thuong, pin Li-ion chi nén hoat ddng
(sac/xd) & vung dién ap duoc thiét ké (dudi
4,2V/cell). Tuy nhién, trong mot sé truong hop, khi
pin da day ma van tiép tuc nap, dién ap pin sé ding
Ién cao hon 4,3V. Lic nay, pin goi la bi over-
charging.

Khi dién ap pin nim ngoai ving lam viéc an toan
(trén 4,2V/cell hodc duoi 2,5V/cell) hoat dong cua
n6 tro nén khong 6n dinh. Céc 16p Lithium Metallic
s€ hinh thanh trén cyc duong trong khi cyc 4m s€ bi
oxi héa manh 1am gidm tinh 6n dinh va san sinh ra
khi CO; bén trong pin lam ap suat trén trong pin s&
ting l1én. Thong thuong, dé an toan, bd sac can phai
ngimg sac ngay khi 4p suét trong cell dat 200 psi.

Néu bo nap khong ¢ chire ning theo doi va bao
vé ap suét 1ém, do khi CO, khong ngirng sinh ra,
ap sudt pin sé& tiép tuc ting, déng thdi nhiét 4o pin
cling ting nhanh. Khi ap suit dat khoang 500 psi,
lGc nay nhiét d¢ pin dat khoang 130 d¢ - 150 do,
I6p mang an toan ngdn cach cac di¢n cyc s bj
danh thing va pin s& bi ngin mach va bt dau bdc
chay tham chi gay nd [9].

3 TINH TOAN THU NGHIEM VA CHE TAO MACH
QUAN LY CAC CHE PO HOAT PONG CUA PIN LI-ION

3.1 Tinh toan, lva chon bo ngué\n pin Li-ion

Trong céc nghién ctru trude [5,6,10], xe gin may
tich hop truyén dong lai duoc din dong banh trude
bing dong co dién mét chidu khong chdi than
BLW-16B cua hang LeafMotor Technology Co.
Ltd, voi cong suit 1000W [11]. Ngudn dién cung
cép cho dong co niy 1a cum accu 48V-30Ah gom
04 accul2V-30Ah [12] dit trong hoc chira db cia
xe. Pé dam bao hoat dong va tinh ning dong luc
hoc cuia xe khong thip hon thi bd ngudn pin Li-ion
duoc chon phai co tinh ning twong duong hodc cao
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hon.

Cian ctr vao wu nhuoc diém cua cac loai pin
Li-ion trén thi truong hién c6 [8], chon bd ngudn
pin Li-ion vé&i cac t& bao (cell) pin 1a loai Sanyo
URI18650F-SCUD-3 [13] cua SCUD (Fujian)
Electronics Co., Ltd (bang 1).

Bang 1. Cac thong s6 co ban cua cell Li-ion
UR18650F-SCUD-3 [13]

Théng sé Gid tri
Dung lugng 2200mAh
Dién ap t6i thiéu 3V
Dbién ap binh thuong 3,7V
Dién ap toi da 4,2V
Dong xa binh thuong 2,5A
Dong xa ti da 5A
Dién trd trong <0,1Q
Dong dién nap 1,75A
Thoi gian nap day 3h
Trong luong 48¢g
Kich thude P18 x 65 mm

Dé co6 duge bd ngudn 48V-30Ah, ta ghép 4 bod
pin ndi tiép véi nhau véi nhau, mdi bo gdom 15 diy
song song, mdi diy 3 cell ndi tiép dé tan dung kha
nang can bang dung lugng chu dong cho cac cell.

- bién ap tdi da cia mdi bo 1a: 3 x 4,2 = 12,6V

- Dung lugng ctia mdi bd: 15 x 2,2 = 33Ah

- Véi trong lugng mdi bo: 48 x 45 = 2160g

- Kich thuéc mdi bd (D x R x C): 95 x 90 x
54mm = 0,948(lit)

- Trong lugng 4 bo pin: 4 x 2160 = 8640g

- Kich thudce 4 bg pin: 4 x 0,948 = 3,792(lit)

Ta c6 thong s6 ctia bd ngudn sau ghép nbi la
50,4V-33Ah dap tng dugc yéu cidu nhung trong
lwgng chi <10kg va thé tich chi chiém < 4lit.

3.2 Thiét ké, ché tao mach quan 1y pin Li-ion
V6i yéu cau vé qué trinh nap — xa pin Li-ion da
trinh bay & cac phan truée, mdi bo pin Li-ion can
c¢6 mdt mach quan ly cac ché d6 1am viéc cua pin
(BMS — Batery Management System) vdi cac yéu
céu sau:
- Piéu khién viéc nap pin theo diing chu trinh.
- Bao v¢ qua dong, qua ap.

- Bao v¢ qua nhiét

- Duy tri SOC ¢ mutc >20%

- Can bang dung lugng cac cell [14].

Mach BMS str dung cho 01 cell Li-ion 4,2V-
2,2Ah sir dung IC TP4056 [15] v&i so do:
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Hinh 6. Mach BMS TP4056

Tuy nhién véi bd pin 12,6V-33Ah gdm 45 cell
ghép ndi v6i nhau thi viéc ché tao va lip dat 45
mach BMS cho mdi cell rat phuec tap, tén rat nhiéu
thoi gian va chi phi dong thoi khong thé can bing
cho cac cell, lam cho dung lugng bd pin giam
nhanh chong.

Mach BMS duge thiét ké cho bo nguf)n 12,6V-
33Ah s dung IC diéu khién nap - xa pin Li-ion
LTC4007 [16] cua hang Linear Technology. Véi so
dd nguyén 1y ¢ hinh 7:

oo B
3
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Hinh 7. Nguyén ly mach BMS LTC4007

Mbi mach BMS duoc lip dé diéu khién cho mot
b pin Li-ion 12,6V-33Ah véi 03 day méc nbi tiép,
mdi diy gdm 15cells mic song song. Vi dong xa
30A mbi bo pin cho cong suat toi da 378W, toan bo
ngudn s& c6 cong sudt 1512W, dap ung yéu cau
cung cip nang lugng cho BLDC 1000W.

Sau khi ché tao va lap rap linh kién mach c6 kich
thudc 55x22x4mm (chua c6 tan nhiét) (hinh 8).
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Hinh 8. Mach BMS sau khi Iép rap

Mach c6 cac tinh nang:

- Pidu khién nap — xa véi bao vé qua dong &
30A.

- Bao v¢ qua ap cell 4,25+0,025V.

- Bao vé ngit xa khi dién ap cell <3,25V (xem
muc 3.3).

- Bao vé qua nhiét & 65°C.

- Cau chi ty phuc hoi.

- Dién ap vao dai rong 6-28VDC.

- Sir dung 04 MOSFET IRF9540 [17] cho
dong dién tai 30A (dong tirc thoi dat 65A), thoi
gian tré dong 16ns, thoi gian tré ngit 34ns

- Tu dong can bang cell véi do chénh 1éch tbi
da 0,03V.

4 KET QUA THI NGHIEM

B ngudn pin Li-ion dugc thir nghiém tai Phong
thi nghiém do luong dién (Khoa Tiéu chuin — Po
luong — Chat luong/Truong Pai hoc Tran Dai
nghia). Cac truong hop thir nghiém bao gdm:

Thir nghiém phong xa cell Li-ion don ¢ ché do
1h véi dong phong Ip = C=2,2A (hinh 9), két qua
cho thiy khi dién ap cell xudng dén 3,25V thi SOC
con 20% va lac nay dién ap cell giam rat nhanh.
Khi nap lai dung luong tdi da cia cell giam 0,24%
sau modi chu ky phong nap (dung lugng cua cell sau
khoang 200 chu ky phéng nap v6i ché do 1h con
khoang 52%).

4500

4000
3500
< 3000
£ 2500
g’zoou
1500
1000

500
0

0 1000 2000 3000 4000
t(s)

Hinh 9. Pac tinh phong 1h cta cell Li-ion

O ché d6 phong 5h véi Ip = C/5 = 0,44A, dic
tinh cia cell t6t hon khi SOC con 20% thi dién ap
cta cell khong xubng qua thap, chi 3,56V va sau
mdi chu ky phong nap, dung lugng pin giam 0,15%
(hinh 10).
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Hinh 10. Bac tinh phong 5h cua cell Li-ion

O ché d6 phong 10h véi Ip = C/10 = 0,22A, khi
SOC = 20% thi dién ap cell con 3,58V va sau mdi
chu ky phéng nap, dung lugng pin giam 0,11%
(hinh 11).
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Hinh 11. Bdc tinh phéng 10h cua cell Li-ion

- Thir nghiém hoat dong ctuia cia mach BMS cho
bd ngudn bang cach s dung bd ngudn chuan 5-
30V/30A cung cip cho mach va cac dién tré cong
suit chuin dé tao tai tiéu thu. Két qua cho théy
mach bao v€ qua dong, qua ap va qua nhiét hoat
dong dung yéu cau.

Véi cac thong s6 co ban cua bd ngudn di duoc
tinh toan, thir nghiém va cac thong s6 chua thu
nghiém duogc ndi suy tr ADVISOR, Nguyén Vin
Trang [18] va cac cong su da tién hanh mo phong
hoat dong cta xe gan may tich hop truyén dong lai
bang cong cu MATLAB/Simulink theo cic chu
trinh: Japan 10 - 15 Mode, ECE, INDIA URBAN
va WVUCITY, cac chu trinh nay co diéu kién hoat
dong kha twong ddng vai diéu kién hoat dong cua
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xe & Tp.HCM. Két qua cho thiy véi chu trinh
WVUCITY va tai trong xe chi vé1 mot nguoi 1ai,
tiéu hao nhién liéu/100km giam tir 2,693 (lit) xudng
con 2,126 (lit) va tong quang duong xe co thé hoat
dong & ché do lai 1a 64,366km trudc khi phai nap
lai nguén dién.

5 KET LUAN
Nghién ctru da dat dugc cac két qua sau:

e Tinh toan va chon lya mot bo nguén pin Li-
ion 48V-33Ah phu hop cho xe gin miy Honda
Lead 110cc tich hop truyén dong lai duoc két nbi tir
04 b9 pin 12,6 V-33Ah.

o Thiét ké, ché tao va thur nghiém thanh cong
mach BMS cho bg pin Li-ion.

e Vi nhitng két qua tin cdy tir md phong va
thuc nghiém, b pin Li-ion can duogc lap dat va thir
nghiém trén thyc té dé danh gia tong thé tinh ning
va chi phi van hanh cta xe lai sau cai tao.
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Study on the optimal operating characteristics
for lithtum-1on batteries used
in hybrid electric motorcycle

Nguyen Van Trang, Pham Tuan Anh, Nguyen Duy Tan

Abstract - This study presents a short
overview about Lithium-Ion (Li-ion) batteries
and its applicability on either hybrid-electric
vehicles (HEVs) or motorcycle with the hybrid
transmission in particular. This study deals with
optimal operating characteristics calculation,
comparison, and experiment Li-ion battery for
HEM (Hybrid Electric Motorcycle) application,
which is renovated from Honda Lead 110cc with
the direct-driven front wheel by Brushless DC
Electric Motor, the rear wheel is driven by
internal combustion engine with the original
continuously variable transmission (CVT). Both
of them are able to provide torque
independently or concurrently. The results of
this research can be used to study optimal power
source and the operating cost of the vehicle after
renovation.

Index Terms - Lithium-ion battery, Hybrid
Electric Motorcycle, Electric Vehicle
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