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Abstract: There are many different driving cycles commonly used in regions
and around the world; however, each manufacturer usually only publishes the
vehicle's operating indexes according to a certain driving cycle, especially for
electric vehicles. In addition, the method for determining the capacity of the
electric power source has not been clearly stated. Therefore, this article
presents the research results on the method for calculating the capacity of the
battery system on an electric bus when simulating a common driving cycle and
arranging the battery system for the bus according to the standard
configuration 6S86P (86 battery cells connected in parallel into a set and a
module with 6 sets of battery cells). From there, simulate the basic operating
parameters of the battery system on an electric bus using software. The results
of the article provide a scientific basis for readers to refer to in calculating the
capacity of the energy source and the method of arranging the battery system
according to the standard configuration for electric cars as well as other pure
electric vehicles. The research results can also be used for manufacturers
(buses, traditional coaches) to refer to in switching to producing electric buses.
Keywords: driving cycle, electric bus, electric car, lithium battery, electric
vehicle simulation.
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Tinh toan va mé phéng nguén nang lwong

cho xe bus chay dién

Chu Van Huynh", Nguyén Quang Anh', Nguyén Thi Hoa', Hoang Dinh Hung?
Vién Co khi Bong lwc, Trweong Pai hoc Cong nghé Giao théng van tai, 54
Triéu Khuc, Thanh Liét, Ha Noi, Viét Nam

2Khoa Co khi va Céng nghé — Trwong Cao déng Ky thuat - Cong nghé Bach
Khoa, Van Binh, Thwdng Tin, Ha Nb&i, Viét Nam

Tém tat: Hién nay, cé nhiéu chu trinh chay xe khac nhau dwoc st phd bién tai
cac khu vwc va trén thé gidi; tuy nhién véi méi nha san xuét thuwong chi cong
bd cac chi s lam viéc cha phwong tién theo mét chu trinh lai nhat dinh, déc
biét v&i cac phwong tién chay bang dién. Bén canh dé, phwong phap xac dinh
cobng suat clia ngudn nang lwong dién van chwa dwoc dwa ra mot cach rd
rang. Vi vay, bai bao nay dwa ra cac két qua nghién clru vé phwong phap tinh
toan cong suét ctia hé théng pin trén mdt dong xe bus chay dién khi mé phéng
vé&i mot chu trinh 1&i phd bién va bé tri hé thdng pin cho xe buyt theo ciu hinh
tiéu chuan 6S86P (86 cell pin méc song song thanh mét bo va mét module co
6 b cell pin). T d6 md phdng cac théng sb lam viéc co ban cua hé théng pin
trén xe bus chay dién bang phan mém. Két qua cla bai bao cung cép co s&
khoa hoc gitip ngu®i doc cé tham khao dé tinh toan cdng suat cho ngudn nang
lwgng va phuong phap bé tri hé théng pin theo cAu hinh tiéu chuén cho 6 t6
dién ciing nhw cac phwong tién giao théng thuan dién khac. Két qua nghién
ctu ciing c6 thé dwoc st dung cho cac nha san xuét (xe buyt, xe khach truyén
thdng) tham khao dé& chuyén sang san xuét cac loai xe buyt dién.

T khéa: chu trinh lai xe, xe bus dién, 6 t6 dién, pin lithium, mé phéng phwong
tién dién.

1. Gi&i thiéu

Xe buyt chay bang dién dang la giai phap cho
van dé thay thé cac phuwong tién van chuyén hanh
khach céng cong truyén théng mét cach hiru ich
nham giam thiéu cac phat thai déc hai [1, 2], hwéng
téi muc tiéu net zero vao nam 2050 cla chinh pha
Viét Nam; déng thoi tang tinh tién nghi khi s& dung
dich vu clia hanh khac [3]. Hién nay, tai thanh phd
Ha Noi va TP. H6 Chi Minh da c6 nhiéu tuyén xe
buyt dién di vao hoat ddng va cho thdy cac wu diém

cua chung [4].

Céac loai xe buyt dién cé ngudn nang luong
kha dang dang nhu: pin lithium — ion, fuel cell, siéu

tu dién [5]; Trong d6 pin lithium — ion van 1& ngudn
nang lwong phd bién nhat hién nay trén xe buyt
dién b&i nhixng wu diém clia né [6].

Pin lithium-ion la loai pin nang lwong cao
trong do Li* dwoc két hop va gidi phong khdi cac
dién cwc dwong va am khi sac va xa. Nhw minh
hoa trong Hinh 1 [7]. Vat liéu dién cwc dwong cla
pin lithium-ion 14 hop chéat xen ké& cha lithium-ion,
thwdng la LiCoO2, LiNiOy, LiMn.O4, LiFEPO4 va
LiNixCo12«MnxOo, v.v. Vat liéu dién cyc am thudng
la LixCs, TiSg, V20s, v.v. Chét dién phan [a dung méi
hiu co trong d6 cac mubi lithium, chdng han nhw
LiPFe, LiBF4, LiClOs, LiAsFs, V.v., ¢4 thé hoa tan.
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Cac dung moéi cht yéu 1a etylen cacbonat (EC),
propylen cacbonat (PC), dimetyl cacbonat (DMC),
clo metyl cacbonat (CIMC), v.v. Vai trd chinh cua
mang phan tach trong pin la c6 1ap cac dién cuc
dwong va am, ddng thdi cho phép van chuyén cac
ion. Gan day, mot mang vi xdp bang polyethylene
(PE) hoac polypropylene (PP) da dwoc sir dung
trong thwong mai nhu mdt mang phéan tach.

Céc ion Li tach khéi hop chét dién cwe dwong
va xen vao mang tinh thé cta dién cwc am trong
qua trinh sac. Dién cwc dwong cé dién thé cao va

Chu & nnk

L&y pin lithium mangan oxit (LMO) 1am vi du,
trong qua trinh sac, Li* thoat ra khéi LiMn,O4 & dién
cwe dwong, dwéi tac dung cla hiéu dién thé, Li* di
qua chét dién phan va di vao |&p xen k& cacbon
cua than chi. Do do, I&p xen ké liti va cacbon duwoc
két hop bén trong. Khi xa, Li+ thoat ra khoi Iép xen
ké cacbon cua dién cywc am, théng qua qua trinh
ngwoc lai dwdi tac dung cua hiéu dién thé, va di
vao dién cyc am LiMn2O4. Cac phan &rng cla pin
la:

Phan (rng & dién cwc am:

trang thai nghéo liti, trong khi dién cwc am cé dién Nap
thé thap va trang thai liti giau. Khi xa, Li* thoat ra LiMn20s < Lit-xMn204 + xLi* + xe” (1)
khoi dién cwc am va di vao dién cwc duong, tao ra Xa
trang thai giau liti & dién cwc dwong. Vi vay, qua Phan (rng & dién cwc dwong:
trinh sac va xa cla pin ciling la qua trinh tach xen Nap
ké va xen ké cua liti qua lai giCra hai dién cuwc. C + xLi* + xe” < LikC (2)
DPé duy tri sw can béng sac, trong qua trinh Xa
sac va xa, cung mot sd electron di chuyén véi Li* Phan (rng tng hop:
gitra dién cwc dwong va dién cwc am qua mach Nap
ngoai. Do dd, phan rng oxy hda khir xay ra gilra LiMn204 +C < Lit-xMn204 + LixC (3)
dién cwc duwong va dién cwc am. Xa
o - R
= | Nguon nap/tai -—

Bién cuwc dwong Map

@& Lithium
® Kim loai

O
- i

E Cac bon
[:] Electron
B chat gien Iy

Bién cwc am

Hinh 1. C4u tao cla pin Lithium - ion

2. Phwong phap/ Phan tich

Co sé tinh toén cong suét hé théng pin cho
xe bus dién

Dé thiét ké, tinh toan coéng suét hé thdng pin
cho xe bus dién ta can s dung 2 théng sé chinh
la[8, 9l

- Mtrc tiéu thu nang lwgng trung binh cta 6
td khi chuyén déng trong quang dwdng di chuyén
ctia xe: Ecd. D& xac dinh mure tiéu thu nang lwong
trung binh ngwoi ta thwong sir dung phwong phap
dwa xe 1&n bang tht» cdng suat va sir dung cac chu
trinh lai xe dé xac dinh mirc tiéu hao nang lwong.
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Phwong an nay thwdng dwoc cac nha san xuét va
cac phong nghién ctru c6 trang bj bé thir cong suét
st dung.

- Quéang dwong xe di dwoc sau mébi lan nap:

Nhém tac gia lwa chon chu trinh 1ai WLTC
theo tiéu chuidn WLTP (Worldwide harmonized
Light vehicles Test Procedure) dé tinh toan mic
tiéu thu nang lveong. WLTP [a mét trong nhirng tiéu
chuén cé d6 chinh xac, uy tin dwoc UNECE (Uy
ban Kinh té Lién hiép qudc chau Au) ban hanh va
ap dung trén pham vi toan ciu. Hién nay, hau hét
cac hang xe ndi tiéng trén thé gi¢i déu str dung tiéu
chuén nay dé danh gia hiéu qua s dung nhién
lieu/nang lwong va merc d6 than thién véi moi
trwdng cua 6 t6. WLTP duwgc ap dung toan cau
nham xac dinh nhirng yéu tb dwdi day:

- Mirc d6 phat thai khi CO, ciia xe str dong
co dbt trong, xe hybrid;

- Mtrc tiéu thu nhién liéu cta xe st dung
déng co dbt trong, xe hybrid.

- Pham vi hoat ddng (quéng dwdng di chuyén
sau mdi lan sac) ctia xe 6 té dién chay bang pin
(EV) dwa trén viéc do lwong mirc tiéu thu nang
lwong.

Tiéu chuan WLTP dworc thiét 1ap dwa trén cac
bai thtr nghiém theo chu trinh [4i WLTC. Tiéu chuan
nay sé st dung di¥ liéu lai xe thyc, dwoc thu thap
tai cac nwoe thude 5 khu vwe khac nhau trén thé
gi¢i nén dam bao tinh chinh xac cao.

Coé 3 loai chu trinh lai WLTC khac nhau
(WLTCA1, 2 va 3), str dung loai chu trinh lai nao sé
phu thudc vao ti sb P; (cong suét tdi da chia khéi
lwgng khong tai) (W/kg) [10].

- Loai 1: Phwong tién céng suéat nhé véi P, <
22.

- Loai 2: Phwong tién cong suét trung binh
véi 22 <P, <34,

- Loai 3: Phwong tién coéng suét I1&n véi P, >
34.

DPé Iwa chon dwoc chu trinh 14i xe tiéu chuén
cho qué trinh tinh toan céng suét hé thdng pin cua
xe bus chay trong thanh phd, bai bao tham khao
mot sb thong sb ky thuat cia mot xe buyt phd bién

Chu & nnk

nhw trong Bang 1:
Bang 1. Thong s6 ky thuat cla xe bus [11]

Thong sb ky thuat  Don vi Gia tri

v s 7080 x 2035 x
Dai - Réng - Cao mm 2780
Chiéu réng co s& mm 2600
T I khong tai

rong lwong khong tai kg 16000
(mMo)
T I toan tai

rong lwong toan tai kg 29000
(M)
Co At dai

ongsuatewedal  \WiHp  250/335
(Pemax)
MA- < .

d-men xoan cyc dai Nm 50000
(Memax)
Van téc tdi da km/h 80

O day ta str dung xe bus co ti sb:
Pr — Pemax — 250000 — 15’625 < 22 (4)
m, _ 16000

nén ta sé s dung chu trinh lai loai 1 (Hinh 2).

Chu trinh lai dwgc chia thanh 2 giai doan méi
giai doan c6 van tbc tbi da khac nhau:

- Thép: 49,1 km/h;

- Trung binh: 64,4 km/h.

2 giai doan nay mdé phéng cho cac loai
dwdng: doé thi, ngoai 6.

20
w
"E‘10
>
0
0 500 1000 1500 2000 2500 3000
t(s)
30
‘é‘ZU
=
w10
0
0 500 1000 1500 2000 2500 3000

t(s)
Hinh 2. Chu trinh WLTC loai 1
2.2. Co s& tinh toan cong suat chuyén dong
cua 6 té
So db céc lwc tac dung 1én 6 t6 trong qua
trinh chuyén dong dworc thé hién trong Hinh 3.
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Chu & nnk

Hinh 3. So d6 lwc tac dung 1&n 6 t6 trong méat phang doc

Phwong trinh can bang lwc theo phwong doc
khi 6 t6 chuyén dong [12], [13]:
Foq +Fo = Fj +Fgo sina +Fy, +Fg =Fs

=myX +Fg, sina+F,, +Fz =Fs¢ (5)

Trong do:

+ Lwc Fy1, Fx21a Iuc kéo tiép thuyén hodc luwc
phanh (N); Lwc kéo dwoc xac dinh:

. 301000Rn, 6

I nr

V6i Pe la cong suét dong co, it 1a ti sé truyén
cta hé thdng truyén luwc, nila hiéu suét truyén cua
hé thdng truyén lwc, ne & van tbc goc dong co,
Ia ban kinh banh xe.

+ myX: lwc can khi tang téc (N);

+ Fgo sina: lwc can 1&n dbéc (N);

+ Fux: Irc can khéng khi phwong chinh dién

(N), coi dat tai trong tam: F,, = (% pv?)Ac,  (7)

+ Fr: Iyc can lan (N),

Fr=Fry+Fro=F,f (8)
+ Fsc : Luc can tbng cong (N).
Cong suat tdng cong (Ps (W)) cla xe:

Py =Fgex 9)

3. Tinh toan céng suét hé théng pin véi xe tham
khao
3.1. Tinh toan céng suét hé théng pin

Dé tinh toan cong suét hé théng pin cho xe
buyt tham khao, nhém téac gid st dung phan mém
Matlab — Simulink nhw trong Hinh 4.

Lwa chon diéu kién chuyén ddng clia xe chay
trén dwdng bé téng khod nén hé sd ma sat lan bang
0,015. Xe chay trén dwdng bang phang nén do dbc
a =0 (rad).

Téng nang lwong tiéu thu Es (Wh):

Ey = j Pydt (10)
t

Sau khi da c6 tdng nang lwong tiéu tén ta
chia cho quang duwdng thwc hién mé phdéng la
22,86 km dé thu dwoc ndng lwong tiéu tén trung
binh Ecd. Lwu ¥ khi xe tang téc thi Fsc s& ¢6 gia tri
dwong nén Ps va Ey sé dwong cd nghia la nang
lwong tiéu tén theo thoi gian sé tang, con khi xe
phanh Fsc sé am nén Ps va Ey sé &m co6 nghia la
nang lwong tiéu tén theo thei gian sé& giam.

Sau khi chay chuwong trinh ta sé cé dwoc
nang lwong tiéu tén trung binh E_= 918,8
(Wh/km).

Ngoai viéc cung cip nang luong dé xe di
chuyén, hé théng pin con phai cung cép dién cho
céac hé thdng phu tai st dung ngudn dién 12V, hé
thdng lam mat, hé théng swéi,... Nang lwong tiéu
tdn trung binh cho cac hé théng phu tai dién.

Céc phu tai dién trén xe gdm 2 loai

- Phu tai lién tuc (Bang 2);

- Phu tai khong lién tuc (gian doan - Bang 3).

Dé tinh dwoc cong suét clia cac tai gian doan
ta phai nhan v&i hé sé hoat doéng dwoc waoc tinh
khoang 10% (10% .14320 = 1432 W).

Khi d6 ta cong suét tiéu thu ctia phu tai dién
trén xe la:

Ppr= 260 + 1470= 1730 (W).
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Chu & nnk

WLTC class 1 v

a

Bang 2. Cong suét cac phu tai lién tuc trén xe bus

F,+F,= FJ- +Fg, sina+ F,

wx

+Fp = Fy,

=m X+ Fg, sina+F, + Fp=Fs,

I
E\.l == (: p""-)AC.\

Fp=Fp, +Fp,=(F,; +F,,)f

cd

Hinh 4. So db tinh E_, trén Matlab — Simulink

Chu trinh WLTC mé phéng trong théi gian

[14] 3222 giay (xap xi 1 gi®*) nén tdng nang lwong cho
Tai lién tuc Cong suat (W) cac hé théng phu tai dién trong thdi gian d6 sé la:
Ben pha 200 Epr =Por.t = 1730.1 = 1730 (Wh). (11)
Pen cét 160 )
DPén dudi va hai bén 30 Vay ta c6 nang lwong tiéu ton trung binh cho
Pen tap - 16 25 cac hé théng phuy:
Radio 15 — Epr _ B
Deén soi bidn sé 10 Epr = e =1730:22,86=75,678 (Wh/km) (12)
Téng i 260 N&ng lwong tiéu ton téng cong:
Bang 3. Cong suat cac phu tai gian doan trén xe — -

bus [14] Ey =(Eed +Epr )'(2_%) (13)
Tai gian doan Cong suat (W) =(918,8 + 75,678).(2 — 0,9) = 1085 (Wh/km)
May nén 6500 Trong d6: Ny: hiéu suét truyén dong t dién
B sudi 6500 nang thanh chuyén co nédng, chon N, = 0,9.
Quat gian néng 230 i
Quat gian lanh 170 3.2. Tinh toan cac thong so cua cell pin Lithium-
Gat muwa trwdc + sau 200 ion ]
Xéng kinh 160 Bang 4. Thong s6 cia NCR18650B [15]
Cac dén tran 140 Hinh dang Hinh try
Céc ddng hd théng bao 100 Mode NCR18650B
Peén phanh 80 Chiéu dai Lbe (m) 0,0653
beén lui 80 BPuwong kinh Doc (M) 0,0185
Cac dén phu 140 Khéi lwvong moe (kg) 0,046
Pén soi bién sb 10 Dung lwong Coc (Ah) 3.4
Coi 60 Dién ap Ubc (V) 3,6
Guong chinh dién 150 C-rate 2
Téng 14700 Chon loai pin NCR18650B cla hang
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Panasonic. Thong sb clia pin dwoc trinh bay trong
Bang 4.

Thé tich ctia méi cell pin (m?) dwoc tinh theo
cbng thirc:
_ Dp? ~ 11.0,0285”

bc Lbc —

VCC
4

0,0653
(14)

=1,755.10°(m?3)
Trong do:
+ Dpc (M): Bwdng kinh 1 cell pin;
+ Lue (mM): Chiéu dai 1 cell pin.
Nang Ilwgng ciia mét cell pin:

Ebc = Cbc'ch (1 5)
=3,4.3,6 = 12,24 (Wh)

Trong do:

+ Cpc (Ah): Dung lwong 1 cell pin;
+ Upc (V): Dién ap 1 cell pin.
Nang lwong riéng theo thé tich:
E 12,24

u, = be _ .
V. 1755.10 (16)
=697435,9 (Wh/m3)
N&ng lwong riéng theo khéi lwong:
B, 1224

U, = —be —
® m, 0.046

Trong do:
mee: Khéi lvong 1 cell pin (kg).
Dién ap cla hé pin sé& quyét dinh cong suét
dién tbi da ma hé pin cé thé cung cép lién tuc. Cong
suét P dwoc tinh theo cong thire:
P=Ul (18)
Cong thirc nay cho ta thay néu ta chon dién
thé nho thi dong dién sé Ién, ma dong dién I&n thi
doi hdi day dan phai cé dwong kinh Ién va hién
twong méat nhiét sé xay ra nhiéu. Cho nén dién ap
cta hé théng pin phai cao dé& khac phuc diéu nay.
Ta sé chon dién ap danh dinh ctia hé théng
pin U = 400V.
Gia thiét rang ta muén quang dwdng téi da
ma xe c6 thé di dwoc trong mét 1an sac x = 300 km.
Khi d6 ta sé tinh dwgc nang lwvgng ma hé
thdng pin can cung cap dé di hét quang duong x:
Ebp = Ez.X

= 1085.300 = 325500 (Wh) = 325,5 kWh

= 266,1 (Wh/kg) (17)

(19)

Chu & nnk

3.3. B4 tri hé théng pin theo cau hinh tiéu chuan
6S86P

CAu hinh 1& 6S86P: 86 cell pin méc song
song thanh mét bé va mét module c6 6 bé cell pin.

S cell pin trong 1 module pin = 6.86 = 516
cell

Théng sé:

6S86P = 516 Cell/Module;

1032 soi day cau chi/Module.

S6 chudi module méc néi tiép (nw) dé& cung
cap nén tang hoat déng 400V:

Nnt = 400/Vimodue = 18.52. Chon gia tri 1a sb

nguyén chan ny = 20. *)
Dién 4p mét module:
Viom = 6.Upc = 6.3,6 = 21,6 (V) (20)
Dung lvgng cia 1 module:
Crodute = Cbc.86 = 292,4 (Ah) (21)
Nang lwgng ciia 1 module:
Emodute = Cbe.Vmodue.86 = 6316 (Wh) (22)
S6 module can thiét luc nay:
Nmodule = Ebp/EmoduIe = 51,66. (23)
Chon gia tri 1a s6 nguyén chan “la boi ctia 20”
Nmodule = 60 (**)

T (*) va (**) ta c6 pack pin s& gdbm 20 chudi
ndi tiép bd 3 module mac song song (Hinh 5).

2 don
vi chudi

So 36 hé thong pin
Hinh 5. So' d6 bb tri hé théng pin
Dién ap cua hé théng pin luc nay:
Vpack = Vimodule-20 = 432 V (24)
N&ng lwong cta hé théng pin luc nay:
Epack = 60.Emodue = 379000 Wh = 379 kWh (25)
Dung lwgng ctia hé théng pin luc nay:
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Cpack = Epack/Vpack = 877,2 Ah (26)
Dong xa cwc dai cua pack pin Idc nay:
Ipack = Isbc.86.3 = 1754 A (27)

Co6ng suét cuc dai cia hé théng pin luc nay:

Ppack = lpack-Vpack = 757900 W = 757,9 kW  (28)
Sb cell pin ¢6 trong pack pin:
Neeliipack = 516.60 = 30960 cell
Khédi lwong cac cell pin trong pack:
Mpack = Neelljpack X Mo = 1424 kg (29)
Théng sb module 6S86P:
- bién tré 86 cell pin mac song song:
Rs = (Reen + 2Rwb)/86

= (30+2*1)/86 = 0,3721(mQ) (30)
- Dién tr& ctia 1 module pin:
Rm = (Rs + Rous/2).6 = 2,533 mQ (31)
- bién tré ctia 3 module méc song song:
Rams = Rm/3 = 0,8442(mQ) (32)
Trong do:
Rceu =30 mQ
wa =1mQ
Rous = 0,1 mQ

- Dién tr& cha pack pin:
Rpack = (Ram.20) + (Rpus.(20 = 1)/2) + 0,2 + 0,23
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Dién tré Contactor: Reontactor = 0,2 mQ;

Dién tr& cau chi: Ruse = 0,23 mQ;

Pién trd méac song song: R// = 0,05 mQ;

Dién tr& céng két ndi cao ap: Rgatenighvoltage =
0,2 mQ;

Nhiét dung riéng ciia mét cell pin: ¢ =
950J/kgK;

Nhiét lwong riéng: Qr = c.mpack =1353000
JIK.

Hé thdng pin trén xe buyt dién thwong dwoc
b tri trén néc clia 6 té (Hinh 6).

B4 tri hé théng pin trén 6 to

. - m
Liuu T 11O T/J

Hinh 6. B& tri hé thdng pin trén xe bus
4. Khao sat cac théng sé lam viéc caa hé théng
pin xe bus
4.1. Xay dwng moé hinh mé phéng

S& dung phan mém Matlab dé& xay dwng mé

+ 0,05+ 0,2 = 18,51(mQ) (33) hinh mé phéng déng lwc hoc va diéu khién hé
Trong dé: théng pin trén xe bus (Hinh 7):
- B0C %S
o j "_‘_ = Tewarirual (el )
Wahicle Spad (Kmvh)
— [ Total Distance Traveliod (mi
]
<F [P |
WLTE clas | v f—————— * WalFaf info [-=—
i _tlTﬁ]I.'l':ll' L E. A BN | 3 =il
Diriving Cyole ValFditk ! o H__EW'C"‘Id Aol H_E;‘
o I—- Grade / AICmd T uﬁ
Continuaus ing —
Langitudirial Driwer |Pveniites A Mok
vehide Body
B vinhicls Spead (Kmh)
B ingut Tofal Distance Taveled (Km)

e —
Hinh 7. M6 hinh xe bus trong Matlab

M6 phéng diéu khién nguén déng lwc: doc tiéu chudn hoac do nguwoi dung chi dinh. Dau

- Khéi Drive Cycle Source: Khéi Drive Cycle  ra khéi la van téc tham chiéu doc xe nhw mét ham

Source tao ra mét chu ky truyén ddng theo chidu  cla thoi gian, cung véi thdi diém chuyén s néu
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c6. Mét chu trinh 1ai xe thuwéng dworc biéu thi bang
mot loat cac diém di liéu thé hién van téc cla xe
theo thdi gian. Chu trinh 1ai xe dwoc xay dwng dé
danh gia hiéu suét cta phwong tién theo nhiéu
cach khac nhau, bao gdm murc tiéu thu nhién liéu
va lwgng khi thai gay 6 nhiém. Trong chu trinh
truyén déng EV dwoc st dung dé tim hiéu murc tiéu
thu nang lwgng, pham vi.

- Khéi Longitudinal Driver: Khéi Longitudinal
Driver thyc hién b diéu khién theo dai van téc doc.
Dwa trén van téc tham chiéu va phan hdi, khéi tao
ra cac lénh ting tbc va phanh chuan héa cé thé
thay ddi tv 0 dén 1.

- Khéi Controlled PWM Voltage: Diéu khién
van té¢c motor bang PWM 14 phwong phap thay ddi
dién ap dat vao déng co. Nguwoi ta dung mach dién
tlr dé thay doi do rong clia xung ngd ra ma khong
lam thay dbi tan sé. Sw thay dbi dd rong xung dan
dén sy thay déi cua dién ap. Cac dién ap diéu
khién sé& dwoc dwa ra tlr khdi tao ngudn dién ap
didu khién. Khéi nay tao ra dién ap Diéu ché do
réng xung (PWM) trén cac cdng PWM va REF.

- M6 phéng than xe: Hé thdng than xe bao
gdm céc khéi Vehicle Body, Magic Tire va Simple
Gear. Khéi Vehicle Body bao gdbm Vehicle Mass
(Khéi lwong xe), Aerodynamic Drag Coefficient (Hé
sb can khi ddong hoc), Number of wheels per axle
(S6 lwong banh xe trén méi truc), Frontal Area
(Dién tich mat can phia trwéc), Air Density and
Center of Gravity (Mat dé khong khi va Trong tam).
4.2. Két qua mé phéng

St dung chu trinh 1ai WLTC loai 1 ¢6 thay dbi

véan téc theo thoi gian (Hinh 8) va quang duong di
chuyén (Hinh 9) dé lam déu vao mé phéng.
- Van tbc cuc dai la 17,68 m/s twong dwong

khoang 64 km/h.

20
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t(s)

Hinh 8. Van téc chu trinh 1ai WLTC class 1
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Hinh 9. Quang dwdng chu trinh 1&i WLTC class 1

- Xe thay ddi van tbc lién tuc, phu hop véi xe
bus dirng don tra khach tai diém.

- Quang dudng cho mét chu trinh lai la 22.86
km, quang dwéng nay twong dbi phu hop hanh
trinh cia mot tuyén xe bus chay trong thanh phé.

D6 thj so sanh vén téc chu trinh lai WLTC
class 1 véi van téc chuyén déng cda xe (Hinh 10).
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Hinh 10. D5 thj van téc chu trinh 1ai WLTC class 1
va van tbc chuyén dong cla xe

Nhan xét:

- Pd thj trén so sanh van téc chu trinh lai
WLTC class 1 v&i van toc cla xe.

- Db thi mau xanh biéu thi van tdéc chuyén
doéng cuia xe va d6 thi mau cam biéu thi van téc chu
trinh l1ai WLTC class 1.

- Van téc chuyén dong ctia xe va dwdng cong
chu ky truyén déng gan trung nhau cho thay cac
thong sé dwoc chon cho ddng co cé thé tao ra
cbng suét cuc dai theo chu ky truyén dong.

- Trong d6 thij theo ddi van téc cho tat ca cac
chu ky truyén déng dwoc quan sat trong méd phéng
nay, d6 thi van tbc phan héi va dé thi van téc tham
chiéu gan nhw trung 18p v&i nhau nhwng ¢c6 nhirng
ving ma ca hai van tbc déu chénh léch nhau dé 1a
lic xe gidm van tbc. DB thj van téc tham chiéu gidm
manh nhwng van téc phan hdi thi khéng. DBiéu nay
la do quan tinh cua than xe. Khi quan tinh cta than
xe cang cao thi thdi gian gidm téc cia than xe cang
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~

lau.

- Tuy nhién & nhirng dai gidm téc dai thi b
thi vAn chwa thé theo kip dwoc chu trinh. Viéc nay
c6 thé giai thich b&i: Hé théng diéu khién trén mo
hinh twong déi don gian, khéng thé nao so sanh
dwgc voi ECU cla xe.

- Van tbc cuc dai la 17,68 m/s twong dwong
khoang 64 km/h.

D6 thi quang duong thuc té (Hinh 11):
x10*
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Hinh 11. D6 thi quang dwédng xe di dwoc
Do thi SOC (state of charge -trang théi nap
cda pin) thuc té cda hé théng pin (Hinh 12):
100
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Hinh 12. B4 thj SOC
Nhan xét:

Nhan xét: Sau 3222 gidy khi kh&i hanh,
quéang duong xe di duwec la 29,38 km, SOC luc nay
con 91%. Do co sw sai khac vé van téc clha chu
trinh 1&i v&i van tbc chuyén ddng ctia xe nén quang
duwérng di dwoc thye té I6n hon quang dwdng trong
chu trinh 1ai. V&i m&c giam dung lwong clia hé
théng pin khodng 9% cho mét hanh trinh, vay néu
hé théng dwoc nap day sé di chuyén dwoc 10 hanh
trinh (twong dwong 5 lwot di vé ctia mot tuyén) thi
c6ng suét tinh toan 1a hop ly.

- SOC & mtrc 100% khi bat ddu mé phéng va
gidm xudng 91% sau 3222 giay.

- Khi khéi hanh SOC & m&c 100%, sau do
khi xe tang téc, SOC bét dau gidm nhwng bat ct
khi nao gidm tbc thi do c6 chirc ndng phanh tai
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sinh, déng co hoat ddng nhw mét may phat dién va
sac pin nén SOC sé tang lén.

D4 thj nhiét cda pin khi chuwa c6 hé théng lam
mat (Hinh 13):

Thermal (degC)
w w
o (4]

N
[3,]

0 500 1000 1500 2000 2500 3000
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Hinh 13. D thj nhiét ctia pin khi chwa cé hé
thdng lam mat
D6 thi nhiét cua pin cé hé théng lam maét
(Hinh 14):
3,25
S 24
=23
€2
2
<21
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Hinh 14. D6 thj nhiét ctia pin cé hé thdng lam mat

Nhan xét:

- Khi hé théng pin khéng dwoc trang bi hé
thdng lam mat nhiét d6 pin ban dau & mirc 250C,
sau khi xe chay hét mot hanh trinh, nhiét do tang
|&n t&i 35,350C. Nhiét do nay |a kha cao va co thé
anh hwéng hiéu suét clia hé théng pin dong thoi
gay nguy co méat an toan do chay nb pin.

- Khi hé théng pin dwgc lam mat, nhiét do
cao nhét chi la 25,290C sau khi xe chay 24 giay.
Sau khi xe chay hét hanh trinh do hé théng pin da
dwoc lam mat, nhiét d6 hé théng chi la 21,240C;

5. Két luan

Bai bao da dwa ra dwgc phwong phap tinh
toan va md phdng hé théng pin cho xe buyt dién
theo mot chu trinh chay tiéu chuén. Viét Nam dang
trong giai doan dau cla qua trinh dién khi héa
phwong tién giao thédng céng cong nén viéc nam
bat dwoc phwong phap tinh toan coéng suat hé
thdng pin mét cach rd rang va bé tri chiing theo cau
hinh tiéu chuén cé thé gitp ich cho cac nha san
xuét, l1&p rap xe buyt, xe khach tai Viét Nam rut
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ngan thoi gian tinh toan. Viéc md phéng hé théng

pin nhdm xac dinh mot sé thong sé lam viéc cla

ching nhdm khang dinh thém tinh dung dan cua
phwong phap tinh toan nay. Két qua tinh toan cla
bai bai c6 thé tiép tuc dwoc st dung lam dau vao

d& mé phéng théng sbé 1am viéc khac ctia hé théng

pin cling nhv md phoéng véi cac chu trinh lai khac

nhau dé xac so sanh cac chu trinh lai phd bién.
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