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NGHIEN CUU MO PHONG VA KHAO SAT ANH HUONG CUA
CAC CHE DO VAN HANH TOI KHA NANG LAM VIEC XE DIEN

RESEARCH ON SIMULATING AND INVESTIGATETING THE EFFECTS
OF OPERATING MODE ON PERFORMANCE OF ELECTRIC VEHICLES

TOMTAT

Céc ché do van hanh ctia nguoi lai anh hubng rét lon toi kha nang lam viéc
cling nhu tinh kinh t€ clia xe dién. Noi dung ctia bai bao nghién citu xay dyng mo
hinh md phdng tinh nang dong luc hoc véi cac thong s6 thiét ké dam bao theo
tiéu chi tham gia cudc thi Shell Eco-Maraton va khao sat anh huéng céc ché do
van hanh clia ngudi I4i t6i kha néng 1am viéc clia xe dién. Két qua chi rarang anh
hudng clia cac ché dd van hanh nhu thay dGi gia tdc, van toc dén kha ndng van
hanh ctia xe dién I 16 rét. Tir d6 xéc dinh ché do van hanh hop I nhém tiét kiém
nhién liéu tiéu thu clia xe.

Tir khoa: 0 to dién; Tinh nang dong luc hoc; Tinh kinh té.

ABSTRACT

Operating modes of drivers greatly affect performance as well as economics
of electric vehicles. This article concentrates on building model which simulates
dynamics with design parameters matching the criteria of the Shell Eco-Maraton
contest and investigateting the effect of operating modes on performance of
electric vehicles. The results shown that the influences of operating modes
including acceleration, velocity changing on vehicle’s performance is something
indisputable. From there, we can determine the proper operating mode to
reduce fuel consumption.
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1.DAT VAN BE

Cudc thi Shell Eco-Marathon la mot cudc thi quoc té
danh cho sinh vién cac tredng dai hoc khap noi trén thé
gi¢i tham gia nghién cru ché tao phuong tién véi nhirng
gidi phap cdng nghé nham tiét kiém nhién liéu. Tham gia
cudc thi, cac doi dwoc thach thirc ché tao xe ti€t kiém nhién
liéu v&i nhiéu hang muc nhién liéu khac nhau nhu ché tao
dong xe chay nhién liéu xang, diesel, dién,... Thdng qua viéc
nghién ctu ché tao xe tham gia cudc thi Shell Eco-
Marathon lam tién dé tién hanh nghién c*u chuyén sau vé
viéc thiét ké ché tao xe 6 t6 dién, tién t&i dua ra cong nghé

Nguyén Thanh Cong*”

thiét ké ché tao san xuat xe 6 to dién & Viét Nam. Van dé toi
wu hoa hé truyén dong trén xe cd y nghia lén trong viéc tiét
kiém nang lwgng trén 6 td dién. Néu xe hoat dong véi higu
sudt cao, ddng nghia véi viéc nang lvgng sinh ra dwgc tan
dung triét dé, giup tiét kiém nang lugng & pin hodc ac quy,
lam tang quéng duong di dwoc trén mot lan sac. Cac ché do
van hanh ctia nguoi lai &nh hudng rat 16n téi kha nang lam
viéc cling nhu tinh kinh té chia xe dién [1]. N6i dung cla bai
bao nghién ctru xay dwng moé hinh mé phéng tinh nang
dong luc hoc véi cac thong so thiét ké dam bao theo tiéu
chi tham gia cudc thi Shell Eco-Maraton va khao sat anh
hudng cac ché d6 van hanh clia nguoi lai téi kha nang lam
viéc clia xe dién ba banh.
2. MO HINH CHUYEN BONG O TO BIEN

V6i muc tiéu danh gia chinh xac qua trinh van hanh xe
dién tién hanh xay dung phuong an moé phéng gom 4 khoi
chinh duwoc thé hién trén hinh 1, chic nang cla cac khoi

nhu sau [2]:
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Hinh 1. So d0 truyén dong xe dién

- Khdi mo hinh diéu khién dong co: m6 phong méi quan
hé giira vi tri ban dap ga P;,,va mé men dong co yéu cau T,

- Khéi mé hinh dong co: khéi mé phéng lai dac tinh
hoat déng ctia déng co dién mot chiéu khéng choi than; tir
thong s6 m6 men yéu cau T, van téc goc dong co v, xuat
ra tin hiéu mé men chl dong T truyén t¢i cac banh xe.

- Khdi mé hinh xe: ding dé mo phéng kha nang dong
lvc hoc phuong doc clia xe (van t6c v, gia toc a cla xe) khi
duwoc cdp md men chd dong tir dong co dién T.

- Kh6éi md hinh ac quy (Nguodn dién): kh6i md phong
hoat déng cla &c quy trong quéa trinh phong dién.Théng s6
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vao la mé men chd dong tlr dong co T, nhiét do t° va co
thong s ra la méc dd phdong dién DOC/SOC.
2.1. M6 hinh xe

M6 hinh déng luc hoc kéo 6 t6 dién téng quéat thé hién
nhu trén hinh 2 [3].
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Hinh 2. So do luc tac dung 1&n xe khi chuyén dong

M6 hinh toan hoc mo ta chuyén déng cta 6 t6 trong
mét phéng doc dugc xay dung dwa trén phwong trinh vi
phansau [3]:

mu=P —(P +P +P ) (1)

Trong dé: m la khéi lugng clia xe; u la van toéc xe; P, la
luc kéo tai cac banh xe chtl dong, dugc dat tai vi tri ti€p xac
gilta banh xe va mat duong; P; la luc can 1én déc; P, la luc
can lan; P,, Ia lvc can khéng khi.
2.2. M6 hinh dong co dién

M6 hinh dong co dién mot chiéu dwgc mo ta voi cac
tham s8 la dic tinh dién ndng va mo men xodn ta sir dung
mé hinh mach tvong duong nhu sau [4]:

W=,
4O v

Hinh 3. M hinh thay thé dng co dién mat chiéu

V&i mo hinh thé hién & hinh 3 cac théng s6 mach tvong
dwong cho mé hinh la cac dién tr& R twong (ng la cac
thanh phan tré khang clia cac chi ti€t trong dong co. bién
cam L twong tng voi la cac thanh phan tir cdm cua céc chi
tiét trong déng co. Cac nam cham vinh ctru trong dong co
tao ra cac gia tri strc dién dong v, xuat hién trong phan trng
duoc xac dinh nhu sau:

V= k,.0 2)

Trong do: k, la hang s6 Back-emf ; w la van téc gac.

Gia tri mé mem xoan clia dong co ty |é thuan vai dong
dongco i

Te=Kk. i 3)

Trong do: k, 1a hdng s6 mé men, phu thudc vao két cau
dong co; i la cwong déng dong dién trong cudn day.

Gia dinh khdéng c6 st ton that dién nang trong dong co
dién. Phuong trinh can bang dién 4p phan (ng duoc xac dinh:

V=v,+Risuyrai=(V-v)/R=(V-k,.w)R (4)

‘Thay thé gia tri nay cGa i vao phuong trinh cho m6 men
xoan:

Te = k.(V = k,.0)/R (5)
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2.3. M6 hinh md phéng &c quy chi - axit

C&u triic mo hinh &c quy chi axit bao gdm 2 nhanh: nhanh
chinh mé t& cho hoat doéng chinh ctia &c quy, nhanh ki sinh
md t& phan (ng clia &c quy tai thoi diém dién thé ac quy cao.

[MWhanh ki sinh]

[Mhanh chinh]

Hinh 4. Mach tuong dirong &c quy

Mai phan tir mach twong dwong la nén tang xay dung céac
phuong trinh phi tuyén bao gém tham sé va bién. Cac tham
s6 trong phuong trinh la cac hang s& xac dinh theo kinh
nghiém. Cac bién bao gdm: nhiét do dung dich binh &c quy,
dung lvgng, dién 4p va cwdng do dong dién tai nat mach. Cac
phuong trinh tinh toan dugc mo6 ta trong cac phan sau.

2.3.1. bién ap nhanh chinh

Phuong trinh (6) tinh toan strc dién ddng trong (E,) hay
dién ap mach hé ctia mot pin. Gia tri suat dién dong trong
duwoc do tai hai dau cuc khi chua cé phu tai. Do do, suéat
dién dong nay chi phu thudc vao nhiét do va trang thai nap
SOC cuia &c quy.

E, =E.. —K(27348)(1—SOC) (6)

Trong dé: E,, 1a dién thé mach hé (EMF); E,. la dién thé
mach hd khi &c quy duoc sac day; K. la hdng s6; 8 la nhiét
dd dung dich dién phan; SOC la trang thai nap &c quy;

2.3.2. Bién lvgng va dung lvgng

Dung lvong dugc xac dinh lugng Ién nhat qua trinh sac
ma &c quy c6 thé lvu trir. Trang thai dién lwvong SOC duoc
xéc dinh bang ti 1é gilta gia tri dién lwong trén dung lvong
ban dau. bién lvgng theo dong phéng DOC duwgc xac dinh
qua ty s dién lugng ac quy trén dung lugng cé ich, bdi vi
dung lvgng co ich gidm khi dong dién phéng tang.

Dung lwgng clia & quy tinh bang tich phan don gian
theo dong dién.

Q.(0)= [, (0t (7)

Trong do: Q. la nhiét thoat ra trong qua trinh nap; I, la
dong dién nhanh chinh; T la bién thoi gian lay tich; t la thoi
gian md phong.

bién lvgng theo dong phéng DOC, SOC tinh theo ty s6
cla dién lwgng c6 ich con lai, dién lwvgng nay dugc cho béi
cwong dd dong dién phéng trung binh. Cuong dé dong
phong 1én hon 1am dién lvgng cha &c quy hao hut nhanh
hon, vi vy DOC ludn nhé hon ho#c bang SOC.
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soc=1- - poc—g Qe

C(0,0)’ c(,,,.0)

Trong d6: SOC la trang théai dién lugng &c quy; DOC la
trang thai dién lvgng theo dong phdng; Q. la qua trinh nap
ac quy; C la dung lvong ac quy; 8 1a nhiét do dung dich
binh &c quy; I, 1a cung do dong phdng trung binh.

3. MO PHONG VA KHAO SAT ANH HUONG CUA CAC CHE
DO VAN HANH TG1 TiINH NANG TIEU THU DIEN NANG
CUAOTODIEN

3.1. Tién hanh md phéng

Tién hanh md phéng v6i loai xe c6 cac thong s6 ky
thuat nhw bang 1 bang phan mém Advisor[5].

Bang 1. Cac thong s6 ky thuat ctia xe nghién ciu

(8

avg !

TT Thdng s6 ki thuat Ky hiéu Giatri Ponvi
1 | Trong lwgng toan bd G 100 kG

3 | Mémencucdaicladongco | Mg 30 N.m
4 ggrr:g Cs(;:at [6n nhét clia N, 750 KW
6 | Kichthudc tong thé LxBxH | 2400x870x740 | mm
7 | Chiudaicoso L0 1500 mm
8 | Cdng suétbinhdién P 363 kWh
10 | Ty 6 truyén HT truyén lyc | 1

11 | Bankinhbanhxetinh Tox 0,25 m

Da6i v6i dong xe nay, chon mé hinh ddong co cé dai cong
sudt gan ddng véi cdng sudt clia ddng co clia xe nhu hinh 5
va lya chon dién trong diéu kién van hanh theo chu trinh
th nhw hinh 6.

Motor/inve ner Efficiency and Continuous Torgue Capability -
EM for Apnax YILHD series hybrid vehicle (eff is constant) no inertia
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Hinh 5. Dac tinh t6c d6 cla dong co dién
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Hinh 6. Chu trinh thir nghiém xe dién
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Hinh 7. Két qua tinh toan dong lyc hoc kéo vatiéu hao nhién ligu

Két qua tinh toan bang pham mém Advisor cho thay 6
to dién duoc lva chon khao sat c6 kha nang tang téc 1a 4,11
m/s?, thoi gian trung binh chay trong 59,1m la 5 gidy va
Iwvgng nhién liéu tiéu thu quy déi tir dién nang thanh nhién
liéu xang twong duong khi xe chay quang dutng la 12m la
0,2 1it/100 km (hinh 7).

3.2. Khdo sat kha nang hoat dong clia xe v6i cac ché do
van hanh khac nhau

3.2.1. Khao satkha nang tang téc

Dé khao sat anh hwang gia toc téi kha nang hoat déng
cla xe dién ta thic hién tdng ga voi cung téc d6 v = 25km/h
nhwng tang téi cac mirc 10%, 20%,..., 90%, 100% clia cong
sut dong co cho dén khi ac quy phong téi 70% dung lugng.
Két qua khao sat dwgc thé hién trén hinh 8 va 9.
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Khoang cach xe di duoc voi luong phong ctia binh ac quy 70%
Hinh 8. Khao sat kha nang hoat ddng clia xe v6i phuong thic tang ga toan
cong suét
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Hinh 9. D6 thi quang duong di dugc cla xe phu thude vao mikc tang ga

V&i két qua trén ta thay xe di duoc quang dudng dai nhat
khi str dung 80-90% cong suét clia déng co dé tang toc.

3.2.2. Khao sat kha nang hoat dong clia xe chay & cac
toc do khac nhau

Dé khao sat s anh hwang clia van tdc téi kha nang hoat
déng clia xe dién ta cd thé xay ding quy luat thay déi van
téc don gian nhu sau: Tang téc xe tr tir véi 80% miic ga
(tvong (ng 80% cdng sudt) t&i cac gia tri van téc khao sat
(15 km/h, 20 km/h, 25 km/h, 30 km/h, 30 km/h va 40 km/h)
trong vong 150 gidy. Két qua khao sat dwgc thé hién trén
hinh 10 va 11.
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Hinh 10. Khao sét xe chay 6n dinh & van tdc khac nhau
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Hinh 11. B0 thi quang dwong di duoc cla xe phu thude vao van toc xe
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Ta thay néu cho xe chay 6n dinh & van téc V = 35km/h
dat duogc quang dudng dai nhat la 154,8 km.

4. KET LUAN

K&t qua tinh toan bang pham mém Advisor cho thay, 6
té dién duoc lwa chon khao sat c6 kha ndng tang téc la
4,11 m/s? thoi gian trung binh chay trong 59,1m 1a 5 giay
va lvgng nhién liéu tiéu thu quy déi tir dién ndng thanh
nhién liéu xang twvong duong khi xe chay quang dwong la
12m theo quy ché cudc thi Shell Eco-Marathon véi chu
trinh lam viéc da duoc lya chon la 0,2 [it/100 km. Bong
thoi viéc khado sat khd nang hoat déng cla xe véi cac ché
dd van hanh khac nhau trong cung mot diéu kién hoat
dong (cung diéu kién giao thoéng), cung moét gia téc
nhwng xe chay & cac van tdc khac nhau sé dat dugc cac
quéng dudng khac nhau (cho téi khi binh dc quy phéng
70% dung lvgng, DOD = 0,7). Ta thdy néu cho xe chay on
dinh & van toc V = 35 km/h dat duvoc quing duong dai
nhét la 154,8 km khi xe st dung 80-90% cdng suat clia
dong co dé tang téc. Bang viec md phdng va khao sat anh
hwang clia cac ché do van hanh dé xac dinh t6i wu cac ché
dd khai thac sao cho hiéu qué va tiét kiém nhién liéu tlr d6
dung lam co s& dé ché tao xe dién.
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