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Tom tat

Diéu khién phéi hop cac thiét bi luu trit ning lugng
(nhu dc-qui, siéu tu, ...) trong xe 0 to dién 1a hudng
nghién ctru thu hut nhiéu sy quan tim trong thoi gian
gan day nham tang quang duong di, cling nhu nang
cao tudi tho dc-qui. Cac thanh phan dong luc hoc
chiém ty trong cao nhét trong viéc st dung ning
luong va day l1a dbi twong cia bai toan diéu khién
dong nang luong. Trong bai bdo nay cac dic tinh
dong luc hoc cua 6 t6 dién duogc khao sat, tiép d6 hoat
dong ciia xe dugc kiém chimg biang cong cu mod
phong ADVISOR. Cac két qua nhan duoc cho thay
céc tinh toan 1y thuyét tin cay dugc va co thé sir dung
cho cac bude nghién ciru tiép theo ciia bai toan dicu
khién va quan 1y hé thong ngudn ning luong

Twr khéa: 6 t6 dién, ADVISOR, md hinh dong luc
hoc.

Abstract: Control of integrated energy storage
equipments (such as battery, super capacitor...) in
electric vehicles (EV) is an emerging research trend in
order to extend the vehicles’ travelled distance as well
as the battery’s life. The dynamic components
represent the major portion in the usage of energy and
this is therefore the object for the power flow control.
In this paper, the dynamic characteristics of an EV are
first investigated, the operation of the vehicle is then
tested using the ADVISOR simulation toolbox. The
results show that the theoretical calculations are valid
and they can be used for further research in control
and management of the energy systems.
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ADVISOR ADvanced Vehicle SimulatOR

EV Electric Vehicle

1. Phan mé dau

O t6 dién 1a linh vuc ma thé giéi da va dang quan tam.
Theo dong lich sir, dd ¢6 nhitng san phim thwong mai
0 t0 dién tir nam 1899 [1]. Mic du 6 t6 dién duogc
nghién ctru rit nhiéu nhung vin dé tich trit ning
lwong van con rat nhiéu han ché nén phai dén nhiing
niam dau cua thé ky XXI méi lai ¢6 nhimg thuong
phdm 6 t6 dién c6 kha ning canh tranh véi 6 to sir
dung nhién liéu hoa thach nhu Misubishi iIMIEV, hay
Nissan Leaf.

Ciing do han ché vé mat tich trix nang lugng nén mot
trong cac hudng nghién ctru chinh trong linh vuc 6 t6
dién 1a t6i uvu héa dong ning luong [1]. Su khéac biét
co ban gitra dong co dién va dong co sir dung nhién
liéu hoa thach la kha nang hidm tai sinh trd nang lugng
vé ngudn khi phanh him hodc xudng dbc. Dic diém
nay di hinh thanh nén mot mang nghién ctru 1on vé
ham tai sinh cho 6 td trong diéu khién dong ning
lugng [2].

O t6 dién c6 dic diém rét dac trung vé mat nang
lwong 13 huy dong cong suit tirc thoi 16n mdi khi ting
toc dot ngdt va tich lily nang lugng 16n (ty 1é voi binh
phuong toc do va bac nhét voi trong luong). Hon nira,
qua trinh phanh dién ra rat nhanh nén khi phanh neu
mubn thu hoi nhleu nang luong thi mat do cong suat
thu hoi phai rit cao. Tuy nhién, véi c quy (thiét bi
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Iwu trir ndng lugng chu yéu cho 6 t6 dién) ¢ cac han
ché 1a: kha ning huy dong cong suét tirc thoi kém
(dong x4 ti da bang 3 dong dinh mirc), tudi tho nap
xa thap (khoang 1000 lan) va kha niang thu hdi ning
luong (sac) kém (tdi da bang dong dinh muc) [3].
Chinh vi vay dé tdi uu héa qua trinh ning lugng bat

(@) (b)

budc phai co6 cac thiét bi c6 kha nang khéc phuc dugc
cac nhuge diém trén. Cac tai liéu [4-6] chi ra ring
siéu tu 1a mot trong cac giai phéap tot nhét trong viéc
phu tro dc quy trong cac qua trinh huy dong cong suat
va thu hdi ning luong.
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H.1  Cdu tric hé nang luong lai de quy va siéu tu.

H. 1 mo ta cau trac hé thdng ma ching toi dé xuit,
trong d6 ngudn ning luong lai (sidu tu va ic quy) s&
trao d6i nang lugng voi tai thong qua dong co va banh
phat dong. Trong H. 1, (a) 1a h¢ thong diéu khién
dong nang luong, (b) 1a cu tric hé diéu khién dong
co, (¢) la mo hinh dong lyc hoc cua xe la ndi dung
ma bai béo dé cép.

H. 2 cho ta thiy thanh phin dong luc hoc (bao gdm
luc can gid, luc can lan va lyc quan tinh) st dung
nang luong nhiéu nhat [71, chlem t6i 55% tong nang
lwong tidu thu. Cac ton thit vé co khi va cac yéu to
khach quan nhu dimg chd, cac thiét bi phu tro 1a
khong diéu khién duoc, chiém 35%. Céac ton thit con
lai (10%) gém bo bién ddi va dong co thude vé linh
vuc thiét ké va ché tao may dién va diéu khién dién tir
cong suat. Vi vy, dé diéu khién dong nang luong ta
can quan tdm nhét dén céc thanh phan dong luc hoc.
Do d6 ta c6 thé coi bai toan diéu khién 1a vé dong luc
hoc vdi tin hiéu diéu khién 1a phan bd luong dat cong
suat cho cac thiét bi luu trit nang luong dé véi chu
trinh 14i va lugng nang luong xac dinh thi xe ¢6 thé di
xa nhit.
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H.2  Cac thanh phan tiéu ton nang lwong trén 6 t6 dién.
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Trong bai bao nay cac dic tinh dong luc hoc cta 6 td
dién s€ duoc khao sat, tiép d6 hoat dong cua xe dugc
kiém chimg bang cong cu md phong ADVISOR. Cau
tric ctia bai bdo nhu sau: mé6 hinh dong luc hoc cta 6
t6 dugc trinh bay trong phan 2; cac dic tinh dong luc
hoc cua xe 6 t6 dugc dua ra trong phan 3; cac mo
phong kiém chimg hoat dong ctia xe trong moi trudng
ADVISOR duge md ta trong phan 4 cung voi viée
danh gia cac ket qua; mot so két luan dugc dua ra
trong phan cudi cung.

2. Céc thanh phan ddng luc hoc ciia xe

H.3  Cdc thanh phin lyc tic dong lén 6 16 [5].
H. 3 mo ta cac thanh phan lyc tic dong 1én xe 6 t6
trong truong hop xe dang 1én déc. Theo do, lyc phat
dong cua xe s€ dugc sinh ra tai diém tiép xuc cua
banh phat dong va duong. Luc ndy bat nguon tir dong
co, qua hé thong truyén dong chuyén dén céc banh
phat dong. Xét truong hop thong thuong, cac luc can
la lyc can gio, lyc can lan, lyc quan tinh va lyc kéo
cua gia toc trong truong. Khi do, theo dinh luat 2



Newton ta c6 thé viét cong thuc tinh gia toc ciia xe
nhu sau:
Ft - Fs

vg= 1
v 1)
Trong d6
8 1] . w uuud wi
FS = I:I + Frr + I:Wind + FG (2)

Luc can lian

Luc can lan d6i véi 16p xe & mat duong ctng (H. 4 a)
thuong 1a do do tré cua cac thanh ph?m cAu tao nén
16p xe vi vay tdc do xe va tbc do quay banh xe ludn
¢6 sai léch. Con d6i méi mat duong mém (H. 4 b) thi
luc can lan chu yéu la do bién dang mat duong dan
dén lyc ma sat lan s& dit chu yéu 1én nira din hudng
(nira tru6e xe néu xe dang tién, nira sau xe néu xe
dang 1ui).

A SN, /-"' \\
,/ F \\ / / P \,..\
lyI Ill |“ ‘I'
| £ Hirvg & shuyin | F Honmg & chupen |
t 11 { '
1
\ f / \ v vIv
\, 7 | J
N g N | AT
Ty i T
: z} - : b‘nnﬂr ‘R,
|
L [
<2 _
{m P )

H.4 D¢ méo ciia I6p va ma sdt lan trén duong cimg (a)
va dwong mém (b).
Tuy nhién, dé don gian hoa van dé, tic gia chi xét dén
ma sat lan trén duong cung va xét truong hop ly
tuong 1a tit ca cac banh xe c6 diéu kién giéng nhau
thi lyc ma sat ldn c6 thé dugc tinh nhu sau [8]:

F, = M.g.cos(a).c, 3
Trong d6 hé¢ sb6 ma sat ¢, duoc tinh nhu sau:
3.6
¢, = 0,011+ —v 4
= 0,010+ V) @

Luwe cén gié

Khi xe chuyén dong khi quyén c6 xu thé can chuyén
dong ciia xe. Lyc can ndy gém hai thanh phan 1a lyc
can khong khi (phu thugc vao hinh dang xe hay con
goi 1a khi dong hoc cta xe) va ma sat cua xe voi
khong khi [6].

Luc can khong khi hinh thanh do chénh léch 4p suat
giita phan ap sut cao phia dau xe (do du xe ép vao
khong khi) va phan ap sut thip phia dudi xe (do
khong khi khong thé 1ap day khoang tréng sau khi xe
di chuyén). Pidu nay duoc mé ta trong H. 5
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H.5  Luc can gio.
Khi xe chuyén dong, phan khong khi gan voi vo xe
chuyén dong véi toc do tuong duong véi toe do xe
trong khi phan khong khi & xa vo xe gan nhu dimg
yén, chinh sy chénh léch tdc do nay tao ra luyc ma sat
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khong khi. Hai thanh phan Iyc nay dugc hop nhat
thanh lyc can gio theo cong thic sau:
Wi

1
Fing = E PCy A (V+Vying )2 (5)

Hé s6 khi dong hoc cﬁa’xe c6 thé tra theo bang B. 1.
B. 1: Bdng tra hé so khi dong hoc ciia 6 t6 [5].
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Luc quén tinh
Lyc quan tinh 1a lyc sinh ra dé can tré cac qua trinh
thay ddi trang thai ctia xe ma cu thé trong truong hop
nay 1a luc chong lai qua trinh thay d6i téc do cua xe.
Luc quan tinh dugc tinh nhu sau:

F = Myv¢ (6)
Céc n6i dung dugc trinh bay trong phan 0 s& 13 co s&
dé tinh toan 1y thuyét cho 6 to dugc sir dung lam thi
nghiém dé tir d6 6 thé md hinh hoa dong lyc hoc cua
Xe.

3. Khado sat cac dac tinh cia xe thir
nghiém

CAc tham s ciia xe

H.6 O 6 dwoc sir dung lam thi nghzém
Trén H. 6 1a xe 6 t6 duogc st dung trong nghién ctru.
Céc tham sb dé tinh toan dong luc hoc cua xe dugc
dua ra trong bang B.2.
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B.2: Bdng cdc tham s$6 cua é t6 sit dung trong thi

nghiém.
Thong sb Gia tri Don vi

M 511 kg

Ar 17 m’

r 0,25 m

p 1,1839 kg/m

Cyq 05

PM dinh mic 515 kw

i 2,355

Ap dung cac cong thic (1-6) ta sé& co:
Preq =V fS (7)
Ts=FK.r (8)

P
T, = —2%i 9
v 9)

D¢ thudn loi cho viée tinh todn va so sénh, ta tinh quy
doi gia toc tir cong thirc (1) thanh cong thie (10).

vé= Tu-Ts

"
Cac dic tinh cia xe ) .
Qua trinh tinh toan duoc gia thict c6 cac dicu kién ban
dau nhu sau:
e Xe di trén dudng tuyét ddi phang va cimg cb a =0
®  Vuing=0

I:)M = TMmax ;
Pm = Pu dinh mie NEU Tivimax-0m = Pydinhmee — (12)

(10)

‘WM Néll TMmax~(DM < PM dinh mirc (11)

Céc diéu kién bién dugc tinh todn dé kiém ching kha
nang phat huy cong suat va cac gia tri cuc dai cua xe
bao gom mo men, gia tdc, toc do.

y Dic tinh dong hoc cua xe theo toe 4
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H.7  Ddc tinh dong luc hoc cia xe theo téc ds.
H. 7 cho thiy quan hé cia cac luc tic dong 1én xe bién
thién theo tdc do6 trong do luc can téng duoc tinh theo
cong thire (2).
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H.8  Ddc tinh cong sudt theo toc d¢
H. 8 cho thy cong suét dong co co thé phat ra va
cong suat yéu cau ctia xe theo toc do. Phan chénh 1éch
cong suit 1a thanh phan sinh ra gia toc. Hai dic tinh
nay cit nhau & dau thi d6 1a toc do tbi da cua xe vi khi
d6 v bang 0
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H.9  Ddc tinh mé men theo téc do.
H. 9 dién ta quan hé ctia m6 men theo tde d6. Do diéu
kién tinh toan 1a diéu kién bién nén khi ¢ ving tc do
thip thi mé men bang mdé men cuc dai cua dong co
theo cong thue (11), khi vao ving téc do cao cong
suat bang cong suit dinh mirc theo cong thirc (12) khi
d6 mo6 men s€ bi suy giam.
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H. 10 Ddc tinh gia toc theo toc d@s.

H. 10 mo ta quan hé giira gia toc va thoi gian, tai thoi
diém ban du do luc quan tinh tinh con 16n vi vy ¢
thé tham chiéu sang H. 8 dé thdy kha ning sinh gia
tbc ban dau cua dong co 1a kém, khi ra khoi ving
quén tinh tinh thi kha ning sinh gia toc ctia dong co s&
roi vao vung cuc dai, tuy nhién khi vao ving diéu
khién cong suat bang hing s6 kha ning sinh gia tdc
cua dong co s€ suy giam.

km/h DPic tinh tang toc cua xe
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H. 11 Ddc tinh ting téc cia xe.
H. 11 cho thay tdc do tdi da cuia xe ciing nhur thoi gian
tang toc cua xe tir 0 km/h dén cac van téc khéc nhau
theo diéu kién bién da giai thich trén H. 9
Ta c6 thé rat ra mot sé tham sé quan trong nhu sau:

Tbc do tdi da cua xe: 69,5 km/h
Thoi gian ting toc 1én toc do toi da: 80s

Thoi gian ting toc 1én 50km/h: 19,1

Thoi gian ting toc 1én 30km/h: 10,1

Gia tdc cuc dai cua xe 1a: 0,8 m/s?

4. Mo phong hé thong
M3 hinh héa hé théng sir dung ADVISOR
ADVISOR la céng cy mo hinh hdéa va mo6 phong duogc
phat trién dua trén phuong phap mé hinh vat Iy [9] do
nhém tac gia thudc phong thi nghiém National
Renewable Energy My phat trién tir nim 1994 va dén
nam 1998. Pay 1a by cong cu thuong duge ding dé
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danh gia qua trinh hoat dong, muc ti€éu hao nang
luong (nhién li¢u) cling nhu phat thai cta cac loai 6 td
bao gom ca 0 to xang, O t6 lai (hybrid) va 6 t6 dién
[10] vi vay cong cu nay duoc su dung rat rong rai
trong cac linh vuc diéu khién va quan ly dong ning
luong [4, 6].

Mo hinh hé théng trong ADVISOR 1a cac khbi
Simulink duoc ndi véi nhau nhu trén H. 14 va mdi
khdi nay c6 mot m-file di kém dé xac dinh cac tham
sO clia timg thanh phan c4u thanh hé thong.

Trong pham vi bai bao, tac gia st dung ADVISOR
lam moi trudng kiém chimg hoat dong cua xe, nén cac
khdi cua hé théng ADVISOR s& dugc gitr nguyén trir
khdi mé hinh dong lyc hoc s& duoc thay thé bang mo
hinh ctia chiéc xe sir dung lam thi nghiém.

Lua chon diéu kién kiém tra mé hinh

Véi cac tham sb 1y thuyét co dugc tir phan 3 thi chu
trinh chuan pht hop nhit dé kiém chimg mé hinh 1a
chu trinh chuén noi d6 cua chau Au ECE [11] nhu
trén H. 12.
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H.12 Biéu ’dcf chu trinh chycfn ECE
Trén H. 13 cho ta thay phan b6 toc dd cia xe trong
toan chu trinh.

50

0 0 50 100 150
Téc 4o (km/h)
H. 13  Biéu dé phdn bé téc do xe.
B.3: Bdng cdc tham s6 ciia chu trinh ECE.

Tén thong so Gia tri
Thoi gian toan chu trinh 195 s
Quéng duong di 0,99 km
Toc do trung binh 18,26 km/h
Gia tdc tdi da 1,06 m/s”
Gia toc giam toc tdi da -0,83 m/s”
Gia tdc trung binh 0,64 m/s’
Q1a toc giam toc trung -0.75 m/s?
binh
Thoi gian dung 64 s
S6 lan dimg 3
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Luwa chon cAu hinh va tham s6

Trong ADVISOR ta c6 thé lua chon céac tham sb quan
trong nhu sau:

e Chu hinh truyén dong: c6 thé chon 1a xe xing, xe
lai hodc 6 t6 dién. Trong truong hop nay chon chu
hinh truyén dong chi s dung dong co dién va
dong co duoc gan clng vdi bd truyén luc chinh
va khong c6 hop so.

M0 hinh xe: 1a m6 hinh dugc xay dyng can duoc
kiém ching bang ADVISOR.

Hé thdng ning lugng: ¢ thé chon céc loai dc quy
phd bién nhu axit chi, Li-lon, NiMH. Ta chon &c
quy Li-Ton dé 1am thiét bi luu trit ning lugng.

Loai truyen dong: ta co thé chon truyen dong cau
trude, cau sau hodc hai ciu. Truyén dong cau
trude duoc Iwa chon.

DPong co: Trong thu vién c6 sin cac loai dong co
khong ddng b rotor 1dng soc, mot chidu va dong
co ddng bo.

Ngoai ra con mot s tham s6 khac ching ta co thé
thay ddi nhu trong tai liéu tham khao [12].
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H. 14 M6 hinh mé phong ADVISOR trong Matlab-Simulink.
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Cic két qua md phéng

Dic tinh (a) trén H. 15 cho thay toc do ctia xe bam 6t
v6i toc do dat. Dac tinh (b) biéu thi mirc suy hao ning
luong ciia hé thong luu trir ning lugng trong toan chu
trinh 1ai. Do c4u hinh truyén dong dugc chon & trén la
truyén dong dién nén lugng phat thai ctia xe bang
khong va ty sb truyén cubi khong thay ddi trong toan
chu trinh.

Khu vye (c) cho biét két qua cua qué trinh ting toc va
udc lugng tde do tdi da cua xe.

gy Ui rew Rote) (k)

1] n i =] [1] i [E] g
H. 16 Thong ké cdc thanh phan tiéu thu nang luong tron
qua trinh dong co lam viéc ¢ che d¢ dong co
H. 16 cho thdy ton thit ning luong cia cac thanh
phan str dung nang luong khi dong co hoat dong & ché
do dong co.
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T T
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H. 17 Thong ké cdc thanh phan tiéu thu nang luong trong
qud trinh déng co lam viéc & ché dg mdy phdt.

H. 17 cho thdy ton thit ning luong ciia cic thanh

phan str dung nang luong khi dong co hoat dong & ché

B.4 cho thdy toan bd cac thanh phan tiéu thu ning
lugng, ton hao va hi¢u suat trén tung thanh phan.

B.5 So sdnh két qua mé phong véi tinh todn 1y thuyét.

Tham s6 T,mh toan | Keétqua | o e
ly thuyét | m6 phéng
Thoi gian tang )
t6c tr 0-30 kmyh | 10168 99s | 2.56%
Thoi gian tang )
the tir 0-50km/h | 1o14S | 184s ) 3.86%
Tdc 4o t6i da 69,5 km/h | 69,1 km/h | 057%

do may phat.
B.4 Bang thong ké cac thanh phan tiéu thu ndang
lwong (KJ).
Tén thanh Ning Ning | Tén | Hiéu
phin lwong vio | lwong ra | thit | suit

Tong ning -606 90 | 84%
lugng tiéu
thu
Ché d¢ dong co
Pong co 395 242 153 | 61%
Hop sb6 242 221 21 | 91%
Vi sai 221 221 0 | 100%
Béanh xe 221 202 18 | 92%
Thiét bi phu 137 0 137 | 0%
tro
Can gio 96
Can lan 51
Ché do may phit
bong co 25 16 9 62%
Hop sb 29 25 4 | 85%
Vi sai 29 29 0 | 100%
Bénh xe 54 57 -3 | 104%
Phanh 28

VCCA-2015

5. Két luin

Bai bdo nay di tinh todn cac dic tinh dong luc hoc
cua 0 to6 dién va md phong hoat dong cua xe trong
mdi truong ADVISOR. Cac Kkét qua nhan duogc cho
thy céc tinh toan 1y thuyét tin cay dugc. Mo hinh xe
s& dugc str dung cho cac nghién ctru tiép theo vé dicu
khién h¢ thong ning lugng lai gitta ¢ quy Li-ion va
siéu tu dién nham muc dich t6i vu quang duong di cia
Xe Va tang tudi tho cho dc quy.

6. Loicam on
Nghién ciru nay dugc tai tro boi Dé tai cip Nha nudc
KC.03.08/11-15: “Nghién ciru thiét ké va ché tao hé
truyén dong va diéu khién cho 6 to dién”.
Céc tac gia bai bdo cling gui 161 cam on t6i Th.S.
Nguyén Duy Dinh da trg gilip qué trinh tinh toan céac
dac tinh dong luc hoc cta xe 6 t6.
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