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TOM TAT

Thiét ké mét chiéc xe la mot qua trinh phirc tap, nhiéu giai doan va lién quan dén rdt

nhiéu yéu to doi hoi phdi tinh toan can than nhw: dong hoc cua xe, cac hé thong an toan chu

dong va bi dong, cac két noi trén xe, sap xép cac thiét by, ... Cac nguyén ly tuong tir ciing duwoc

dp dung khi thiét ké mot chiéc xe dién. O bai bdo nay, tac gia trinh bay phuong phap tinh

todn hé thong pin cho mot chiéc xe dién, tir mot chzec xe sur dung dong co dot trong va van

dam bdo céng sudt dau ra hoan toan gzong VOi xe goc ban dau. Xe chi suc dyng pin Li-ion va

quang dwong ma xe di duoc trong mot lan sac gan 300 km. Két qua da tinh todn dwgc hé

théng pin ddp vmg dwrge yéu cdu ciia xe ban dau. Qua két qua tinh todn nay la co sé @é manh
dan ap dung trén xe thuc te.

Tir khéa: Thiét ké; tinh todn, xe dién; pin Li-ion; cong sudt.
ABSTRACT

Designing a vehicle is a complex multi-stage process and involves many factors which
required carefully in calculation such as: the vehicle's dynamic, active and passive safety
systems, connections on the vehicle, arrangement of devices, etc. The same principles when
we design an electric vehicle. In this paper, the researcher showed a method to calculate
battery system on an electric vehicle from a vehicle that using an internal combustion engine
and still ensure the same output power as the original car. The car only uses Li-ion batteries,
the car can travel on a single charge is nearly 300 km. The results have calculated the battery
system to satisfy the capacity of the original vehicle. Through the calculated results can be
applied on real cars.

Keywords: Design; calculation, electric vehicle; Li-ion battery; power.

1. GIOI THIEU Cac nha nghién ciru cho rang, loai pin nay
khong hin 1a mot cong nghé méi hoan toan
ma néi dung hon do 1a cai tién lai cong nghé
pin Lithium-ion hién c6 bang cach thay dbi
cac hat Graphite trong cdu tric nano chira
trong vién pin bang loai gel Titanium dioxide
(TiO2, hop chét duge dung dé hap thu cac tia
UV). Tir d6 tao thanh mot cdu triic nano méi
gitip tang toc d6 sac 1an tudi tho ciia pin.

Su ra doi cua pin Lithium-ion da tao nén
mdt cudc cach mang trong viéc luu trit nang
luong. Piéu nay tao tién d& cho sy phat trién
cong ngh¢ tr dién thoai di dong, xe dién, cac
thiét bi s6,... mo ra tiém nang vé mot xa hoi
khong dung nhién liéu héa thach, gbp phan
giam thiéu nhimng tac dong cua bién doi khi
héu toan cau.

Cac nha nghién cou tai Pai hoc
Michigan, My [2] vira dat duoc mot thanh tuu
rat 16n vé cong nghe pin khi ho cho biét dung
luong cua loai pin Lithium metal ¢ thé gip
do6i so voi pin LIB, sir dung cac chit dién
phan thé ran dé tang do bén cho pin dong thot
tao ra tinh ning chdng bat lira gy chay nd.

Mot nhom cac nha nghién ciu &
Singapore d3 tim ra cach cai tién cong
nghé pin Li-ion gitp no c6 thé sac nhanh hon
v6i toc do tir 0-70% chi trong vong 2 phut
[1]. DPong thoi tudi tho pin ciing s& dugc
tang 1én dén 20 nam chu khong lam hai pin
nhu ching ta thuong nghi vé viéc sac nhanh.

Doi: https://doi.org/10.54644/jte .66.2021.1058
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Nhan thdy duoc tiém ning to 16n vé kha
ndng ung dung cua pin Lithium — Ion (Li-
ion) d6i v&i cac loai phuong tién st dung
truyén déng lai (HEV-Hybrid Electric
Vehicle) noi chung va kha nang timg dung pin
Li-ion trén xe gan may tich hop truyén dong
lai néi rieng. Nhém nghién cuou cua TS.
Nguyén Vin Trang giang vién trudng Dai
Hoc Su Pham K§ Thuat TPHCM [3] da
nghién ctru tdp trung vao viéc tinh toan t6i
wu, so sanh va thir nghiém bd ngudn pin Li-
ion cho xe may lai xang di¢n (HEM — Hybrid
Electric Motorcycle) dugc cai tao tr xe nén
Honda Lead 110cc véi banh trude duge dan
dong truc tiép béng dong co dién mot chiéu
khong chéi than (BLDC - Brushless DC
Electric Motor), banh sau dugc dan dong
bang dong co d6t trong véi bo truyén vo cap
nguyén ban cua xe. Ca hai banh déu c6 kha
nang cung cap cong suat doc 1ap hodc dong
thoi cho xe khi di chuyén trén duong. Ket
qua cua nghién clru 1a co s dé tinh toan toi
wu ngudn cdng sudt va chi phi khai thac xe
sau khi cai tao.

2. COSOLY THUYET
2.1 Théng s6 tinh toan

Tac gia iy mot mau xe BMW 320i [4]
su dung nhién li€u xang va su dung mot $6
thong sd can thiét cho qua trinh chuyén d6i
thanh xe dién, cac thong s6 cua xe dugc trinh

bay trong bang bén dudi.
Bing 1. Thong sé ky thudt ciia xe BUW 320i
[4]
Thong SOKY | 1 v BMW 320i
thuat ’
Dai - Rong -
Cao (D-R-C) | ™™ [4709x 1827 x 1435
Cﬂhleu dai co mm | 2851
SO
Trong lugng
khong tai ke 1525
Trong luong |\ | 5050
toan tai
P B4;xang;14; TwinPowerT
ong co urbo; 1998cc
Cong suat kW/Hp
cue dai @rpm 125/170 @ 5000 - 6500

Thong SOKY | 0 v BMW 320i
thuat ’

Mo-men | Nm@r |5, & 1350 4000

xoan cuc dai pm

0-100kmh | s |71

Técdotéida | km/h |235

2.2 Co sb tinh toan mikc tiéu ton ning lwrong

Dé tinh toan duoc kich thude va sb
luong pin can dugc su dung ta can phai c6 2
thong so chinh la:

- M nang luong tiéu ton trung binh: Eayg

- Khoang cach ma xe di dugc trong mét
lan nap: Dy

Pé tinh dugc muc tiéu hao ning luong
trung binh Ea ta phai dua xe 1én bang thu
cong suét va sir dung cac chu trinh 1ai xe dé
xac dinh muec tiéu hao nang lugng. Trong bai
bao nay ta s€ st dung chu trinh 141 WLTC
(Worldwide harmonized Light vehicles Test
Procedure). Chu trinh lai WLTC la mét
chuan dugc 4p dung ¢ Chau Au dé xac dinh
muc khi thai va mac ti€u hao nhién liéu cua
cac loai xe xang va xe Hydrid [5].

C6 3 chu trinh lai trong chuan WLTC, st
dung ti€u chuén nao la phu thugc vao ti s6
cong suat toi da chia khoi lugng khong tai
PW: (W/kg).

- Loai 1: Phuong tién cong suat nho véi
PW; <22,

- Loai 2: Phuong tién cong suat trung
binh vdi 22 < PW; <34,

- Loai 3: Phuong ti€n cong suét 16n voi
PW, > 34.

O day ta sir dung xe BMW 320i ¢6 ti s6

PW, = fmax _ 125000 _ ¢} 96 > 34 ngn ta

my 1525
s& su dung chu trinh 1ai loai 3.

N Chu trinh 1ai d}l’(_)’C chia thanh 4 giai doan
moi giai doan c6 toc do toi da khac nhau:
- Thép: 56.5 km/h, trung binh: 76.6
km/h, cao: 97.4 km/h, cuc cao: 131.3 km/h.
- 4 giai doan nay md phong cho cac loai
duong: do thi, ngoai 0, ndng thon va cao toc.
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- Fi: Lyc quan tinh (N)
- Fs : Luc can dbc (N)
- Fr : Luc céan lan (N)
C © -Fa: Luc céan gi6 (N)
Hinh 1. Chu trinh WLTC loai 3 [6]
N . Hinh 2. Cac lyc tac dung lén xe [7
Bdng 2. WLTC logi 3 [6] i e 7]
| Trung Cuc |Téng | -Lwe quan tinh:
Thap binh Cao R )
n €a0 | COng | Fi=mv * av (2)
Thoi gian (s) | 589 433 455 | 323 | 1800 Trong do:
Thoi ian
dimg (s) s 150 | 49 | 31 | 8 |235 - mv : Trong luong cua xe (kg).
5 - av : Gia toc cla xe (m/s?).
Quang 3095 | 4756 | 7162 8254 (23266 (m/s%)
duong (m) P
- Lwe can lan:
% dung 26.5% | 11.1% | 6.8% (2.2% [13.4%
oot did Fr=mv * g * crr * cos(a) 3)
oc do toi da
(km/h) 56.5 | 76.6 | 97.4 [131.3 Trong ao6:
Téc do trung - g : Gia tbc trong truong (m/s?).
binh khéng . s i L
tinh  thoi [ 253 | 44.5 | 60.7 |94.0 |53.5 | - crr: HE s6 can lan gilra banh xe v6i mat
gian  dung duong.
km/h ,
( - ) - o : PO doc mat duong (rad)
Toc do trung o o R . R
binh ¢6 tinh 189 | 304 | 3565 1917 | 465 Bai bao mo phpng xe chay trén QTuong bé
thoi  gian ' : ' ’ ’ tong kho nén hé s6 ma sat lan s€ nam trong
dung (km/h) khoang tir 0.010 dén 0.015, ta s€ chon crr =
Gia toc thap 45 | s | s |44 0.011. Xe chay m6 phong trén duong bang
nhat (m/s?) : ' ‘ ‘ phang nén d6¢ doc a = 0 (rad).
Gia toc cao - Luc céan dbc:
nhét (m/s?) 1.611 | 1.611 | 1.666 |1.055 v
) - — Fs=mv*g*sin(a) 4)
Dé co6 thé tinh dugc ndng lugng ti€u ton L e el
trung binh ta phai dua vao cac loai Iyc can khi ~~ %€ can glo:
di chuyén trén duong. Khi xe di chuyén trén  Fa=1/2*p * cd * A * vv? (5)
dudng, c6 cac luc can chu yéu 1a: luc quan ,
& : M e d Trong do:

tinh, luc can lan, luc can ddc, luc can gio.

- Lwec can tong cong [7]:

Ftot=Fi+Fs+ Fr+ Fa (1)
Trong do:

- Ftot : Lyc can tong cong (N)

- p : Khéi luong riéng khong khi (kg/m?).
- cd : Hé s can khong khi (Ns¥/m®).
- A : Dién tich mat can gi6 (m?).

- vv : Van tdc cua xe (m/s).
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O nhiét d6 25°C va ap suat 0.103 MPa
thi p = 1.25 (kg/m?). Dya véo bang hé sb can
khong khi cua cac loai xe ta ¢ thé chon cq =
0.36 (Ns*/m%).

Bdng 3. H¢ so can gio cua mot so logi xe [7]

Loai xe (xe du lich) cd (Ns?/m*)
Loai thuong 0.35+0.5
Loai dudi xe cao 0.3+0.45
Loai mui tran 0.5+0.65

Bing 4. Céng sudt tiéu hao ciia cdc tdi lién
tuc trén xe [8]

T4i gian doan Cong suit (W)

Céc den phu 110
Thiét bi cham thude 100
Rura dén pha 100
Chinh ghé dién 150
Sudi ghé 200
Motor cira s troi 150
Chinh guong dién 10

Téng cong 1700

Tai lién tuc Cong suit (W)

Dén dudi va den hai bén 30
Dén bién s 10
Deén pha chinh 200
Dén cbt 160
Deén tap-16 25
Radio/ cassette/ CD 15

Téng 260

Bing 5. Cong sudt tiéu hao ciia cdc tdi gidn
doan trén xe [8]

Tai gian doan Cong suit (W)
May suoi 50
Céc chi s6 50
Deén phanh 40
Gat mua trudc 80
Gat mua sau 50
Nang kinh di¢n 150
Quat dan néng 150
Motor quat thbi 80
Xong kinh sau 120
Dén noi thét 10
Coi 40
Dén suong mu sau 10
Deén lui 40

Pé tinh dugc cong suat cua cac tai gian
doan ta phai nhan v6i hé sb hoat dong duoc
uée tinh khoang 10% (10% * 1700 = 170 W).
Sau d6 ta cong voi cong suat tiéu thy cua tai
lién tuc ta s€ dugc cong sudt tiéu ton cua cac
hé thng phu: Paux = 260 + 170 = 430 (W).

3. TINH TOAN

3.1. Tinh toan cong suit tong cong Prot (W)
Piot = Fiot * vy (6)
Trong do:

- P cOng sudt tong cong

- Fror: luc can tong cong

- Vy: van toc cua xe

A o
1

WLTP class 3 v kmh

& ! ml(s"2)

Ny

Fi (Inertial force)
Mass (kg) +

]

drivingeycle

[ & |
*I

Front area (m"2) Fs (Road slope force)

.

»  flu)

—
—>

Fr (Road load friction force)
]

Fa (Aerodynamic drag force)

Hinh 3. So do tinh Pio: trén Matlab - Simulink

Road slope angle (rad)

T

Friction coefficient
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Hinh 4. Két qua tinh Ftot va Ptot

Néu ta lay nguyen ham cua tong cong
sut theo thoi gian ta s& co6 duoc tong ning
luong ti€u thu E«: (Wh) [7]:

Etot = fPtot *d (7)

Sau khi di c6 tong niang luong tidu ton ta
chia cho quang duodng thyc hién mé phong la
23266 (m) [5] dé thu dugc ning luong tiéu
tén trung binh. Luu ¥ khi xe ting toc thi Fi
s€ co gia tri duong nén Py va Eio s€ duong
c6 nghia 1 niang luong tiéu ton theo thoi gian
s€ tang, con khi xe phanh Fio s€ am nén Py
va B $& 4m c6 nghia 1a nang luong tiéu tén
theo thoi gian s& giam.

f
o

Eace (Wh)

Hinh 5. So do tinh todn ndng lwong tiéu ton
trung binh trén Matlab-simulink

Sau khi chay chuong trinh ta s& c6 dugc
ndng lugng ti€u ton trung binh E, = 145.5
(Wh/km).

Eacc (Wh)
Etot (Wh)

Ebra (Wh)

Hinh 6. Tong nang heong tiéu hao theo thoi
gian

3.2. Tong ning lwong tiéu ton trung binh

Trong phan trudc ta da tinh nang lugng
tiéu ton trung binh dé chuyén dong Ep bang
cach su dung chu trinh WLTC.

Ngoai viéc cung cap ning lugng dé xe di
chuyén, hé thong pin con phai cung cip dién
cho cac hé théng phu khac nhu: cac hé thong
12V, hé théng lam mét, hé théng sudi,. ..

Nang luong ti€u tén trung binh cho céac
hé thong phu Eaux (Wh/km) dugc tinh tuong
t nhu phan trude. Hé thong phu duoc chia
thanh hai loai: loai hoat dong lién tuc (deén
dau, dén taplo cac thiét bi giai tri,...) va loai
hoat dong gian doan (dén phanh gat mua, xi-
nhan,...). Dua vao [8] ta thdy cong suit trung
binh Paux = 260 + 170 = 430 (W), chu trinh
WLTC mo phong trong thoi gian 1800 gidy
twong duong 0.5 gid nén téng niang lugng
cho cac hé thdng phu trong thoi gian do sé la:
430 * 0.5 =215 (Wh).

Viy ta c6 ning luong tiéu ton trung binh
cho cac hé thong phu:

Eaux =215 :23.266 =9.241 (Wh/km)

- Ning lwong tiéu ton tong cong [8]:

Eavg = (Ep + Eaux) * (2 - 1]y) (8)
Trong do:

- I]p : hiu sudt truyén dong tir dién ning
thanh chuyén co ning. Ta chon I], = 0.9.

Thé vao cong thirc ta c6 dwgc:
Fag=(145.519.241)%(2-0.9)=170.2 (Wh/km)

Length of driving cycle

Eavg (Wh/km)

Efficiency of the powertrain
(np)

Hinh 7. So do tinh Euy, trén Matlab - Simulink
3.3. Tinh toan céc thong sb ciia cell pin
Lithium-ion
Trong vi du nay ta s€ chon loai pin

NCR18650B cta hing panasonic. Thong sd
cua pin dugc trinh bay trong bang 4.
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Bing 4. Théng s6 ciia NCRI8650B [9]

Hinh dang Hinh tru Khéi lugng  |0.046
Mpe (kg)
Model INCR18650B | Dung luong | 3.4
Chc (A_h)
Chiéu dai Lve |  0.0653 Dién ap Ube | 3.6
(m) V)
Puong kinh 0.0185 C-rate 2
Dbc (Il’l)
e [ Tsaza0iiesnr e 05

Diameter (m)

Capacity (Ah)

Voltage (V)

Vee (m*3)

UV (Whim?3)

266.1

UG (Whikg)

»
>

Ebc (Wh)

C-rate (peak)

»
»

Peak

Hinh 8. So do tinh cdc théng s6 ciia cell pin
trén Matlab - Simulink

- Thé tich ciia mdi cell pin (m?) dwoge tinh
theo cong thirc:

2
D
— b
Vee = < * Lbc

4
TL'O 01852

Trong do:

)

*0.0653 = 1.755 *107° (m?)

- Dpc (m): Buong kinh 1 cell pin.
- Lbe (m): Chiéu dai 1 cell pin.

- Nang luwgng ctia mét cell pin:
be = Coc * Upc

=3.4*%3.6 =12.24 (Wh)

Trong do:

- Coc (Ah): Dung lugng 1 cell pin.
- Upbe (V): Dién 4p 1 cell pin.

(10)

- Niing lwgng riéng theo thé tich:
Uv = Ebe

- (11)

12.24
1.755 % 10~5

= 697435.9 (Wh/m?)
- Ning lwgng riéng theo khdi lwgng:

Ep
UG=_C

Mpc

(12)

=222 _ 266.1 (Whikg)

0.046
Trong do:
- mee : khdi lwong mot cell pin (kg).

3.4. Tinh cac théng s ciia h¢ théng pin
[10], [11]

bién ap cua hé pin sé quyet dinh cong
sudt dién toi da ma hé pin co6 thé cung cip
lién tuc. Cong sudt P dwoc tinh theo cong
thure:

P=U*I (13)

Cong thirc nay cho ta thiy néu ta chon
dién thé nho thi dong dién s& 16n, ma dong
dién 16n thi doi hoi day dan phai c6 duong
kinh 16n va hién tugong mét nhiét s& xay ra
nhiéu. Cho nén dién ap cua hé thong pin phai
cao dé khic phuc diéu nay.

Trong vi du nay ta s€ chon dién ap danh

4
dinh cta h¢ thong pin Uy, = 400V.
B N —
L 1
Number of battery cells connected in series
-
Average energy consumption Number of strings of the battery pack
e .
Number of cells of the battery pack
Cop (An)

Battery pack capacity (A)

Average energy consumption

Eavg (Whikm) . 52093.44]

il

Battery pack total energy (Wh)

Battery

Battery pack peak current (A)
a) 104186.88| |

Battery pack peak power (W)

Design

Hinh 9. So do tinh cdc théng so ciia hé pin
trén Matlab - Simulink
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Ta gia thiét rang ta mudn quang duo’ng
t6i da ma xe co thé di duoc trong mot 1an sac
Dy = 300 km. Khi d6 ta sé tinh dugc nang
lwong ma hé théng pin can cung cap dé di hét
quang duong Dy:

Ebp=Eavg™* Dy (14)
=170.22 * 300 = 51066 (Wh)

- S6 cell pin mic ndi tiép Nes:

NCS—Z—’Z—%—MM (15)

Vi s6 cell phai 13 s6 nguyén nén ta phai
lam tron dén s6 nguyén 16n nhat, Nes = 112.

Ta s& c6 duge dién ap cua hé thng pin:
Ubp = Nes®Upbe = 112*3.6 =403.2 (V)  (16)

- Ning lwong clia mot chudi cell ndi tiép
Ebc:

Ebs = Nes * Ebe (17)
=112 *12.24 = 1370.88 (Wh)

- S6 chudi néi ti€p mic song song:

Npy = 22 = 21966 _ 37 95 (18)

Eps 1370.88

Vi s6 chudi mic song song phai 1a sd
nguyén nén ta phai lam tron dén s6 nguyén
16n nhét, Nbs = 38. Khi d6 chung ta phai tinh
lai nang lugng cua hé thong pin theo sé chudi
méc song song moi:

Ebp = Nos * Ebs (19)
=38 * 1370.88 = 52093.44 (Wh)

- Dung lwgng ciia hé théng pin Cbp:

Cobp = Nsp * Coc (20)

=38*3.4=129.2 (Ah)
- S6 cell pin cé trong hé thong pin Ncb:

Neb =Np*Nes = 112%38 =4256 @1)
- Dong xa cue dai ciia mot chudi Ispe:
Iyo = Corate * Cpo =2 *3.4=6.8 (A)  (22)

- Dong xa cue dai ciia h¢ théng pin Ibpp:
*Nsp=6.8 *38=2584(A) (23)

Ibpp = Ispc

- Cong suét cuc dai clia hé thong pin Pbpp:

Popp = Topp * Ubp (24)
=258.4 *403.2 =104186.9 (W)
=104.2 (kW)

- Khéi lwgng ciia ca hé théng pin:

Mbp = Mpe*Neb (25)
=0.046*4256 = 195.776 kg

- Thé tich ciia ca hé théng pin:

Vip= Vec™*Nep (26)

=1.755%105%4256=7469.28*10-° (m?)
4. KET QUA VA THAO LUAN

Bai bao di néu ra phuong phap thiét ké
mot hé thong pin voi tong khdi lwong khoang
195,776 kg, thé tich chua tinh cac khung dé
ghép 1a 7469.28%10° (m?), cong suit cia hé
pin gén 104,2 kW. Nhur vay voéi thiét ké nay
hé théng pin ¢c6 thé dap ung du (tham chi t6t
hon) cac didu kién vé cong suat ctia mot
chiéc xe st dung dong co dbt trong.

Phuong phap thiét ké nay c6 thé duoc ap
dung de ché tao mot chiéc xe dién véi nhiing
yéu cau cu thé.

5. KET LUAN

Khi tinh toan cac théng sO clia h¢ thong
pin, khéi luong cua hé thong cling rat quan
trong. Ta c6 thé lay khdi lugng ciia mot cell
pin nhan véi s cell trong hé théng. Nhung
két qua s& khong giéng voi thuc té, boi vi
trong mot hé thong pin con c6 cac thanh
phan khac nhu: day dan, cic mach dién tu,
cac mdi han, hé thong giai nhiét, phan gia do
bo pin dé ga vao than xe, ... didu nay sé
khién khéi luong ting cao hO’n so v&i khi tinh
toan, tuong tu ddi véi thé tich cua hé théng.

Tuy nhién ta c6 thé udc lugng duoc khoi
luong va thé tich duya vao cac thong s6 tinh
s0 bo dé c6 thé xdy dung mot md hinh lap
dit pin hop 1y. Ta ciing c6 thé sir dung cac
loai pin Lithium-ion khac dé dua vao mo
hinh tinh toan dé so sanh hiéu qua ciia pin
nao sé tot hon, tuy nhién cling phai xem xét
dén cac yéu t6 nhu: khdi lugng hé thong pin,
gia thanh,..
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