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Tom tit

M6 hinh hoa mot hé théng da dang vat ly
(multiphysics) nhu 6 t6 dién 1a mot cha dé hép dan
luén thu hat nhidu sy quan tdm nghién ctru. Mot trong
nhitng céng cu manh mé& méi duge phat trién trong
thoi gian gin day dé giai quyét van dé& nay la
Energetic Macroscopic Representation (EMR). Trong
bai bao nay, chiing t6i thuc hién viéc md hinh hoéa 6 td
dién st dung phuong phap EMR, trong d6 c6 dong
gop mot mo hinh md rong cua tuong tic banh xe —
mat duong. Tinh kha duyng cia mé hinh duogc kiém
ching bing moé phong trong mdi trudng
MATLAB/Simulink.

Tir khéa: Biéu dién ning luong vi mé, magic formula,
tuong tac banh xe - mat duong, 6 t6 di€n, mo hinh hoa.

Abstract: Modeling of a multiphysics system such
as an electric vehicle is an attractive research topic.
One of new and strong modeling tools in this field is
Energetic Macroscopic Representation (EMR). In this
paper, we develop a model of electric vehicles with an
extended model of tire-road interaction using EMR.
The effectiveness of this representation is confirmed
by simulation in MATLAB/Simulink.

Keywords: EMR, magic formula, tire-road
interaction, electric vehicles, modeling.
Ky hié¢u
Ky hi¢u Pon vi Y nghia

Tir thong nam cham
Vew [Wb] vinh ctru
P S6 cuc dong co
®m [rad/s] Toc d6 géc dau truc
®wh [rad/s] Téc d6 goc banh xe
Vin [m/s] Vin tdc banh xe
V., [m/s] Van tbc xe
A Ti sb truot
Ruwn [m] Bén kinh banh xe
Kgear Ti s0 truyén
Ar [mz] Dién tich mét trude
Cq HE s0 can khong khi
Vwind [m/s] Vafu; toc giod
my [kal Khoi lugng xe

1. Phan mé dau
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M0 ta h¢ thdng co su tuong tac giira cac hién tuong
vat 1y khac nhau luon dat ra nhitng théach thic cho céc
nha khoa hoc. Bai €, khi ¢6 su tham gia cua cang
nhiéu thanh phan trong hé théng, su phutc tap cang
tang thém, hon nita vin d& khong chi dirng & sé lugng
phuong trinh, ma con & viéc ta s& hiéu duoc thong tin
gi tu nhitng phuong trinh do, qua trinh vat ly thuc su
da din ra nhu thé ndo. Thay thé cach biéu dién truyén
thdng, viéc md ta hé thdng 16n bang nhitng biéu dién
hinh hoc (graphical description) bat dau dugc quan
tam, khoi dau 12 Bond-graph [1] thé hién duoc tinh
nhan qua va tuong tic ning lugng vat ly giita cac doi
tugng trong hé théng. Ké thira nhitng thanh qua do,
phuong phap Causal Ordering Graph (COG) [2] dugc
J.P. Hautier ung dung trong md ta h¢ thong dién tir
cong suat va truyén dong dién. Gan day, Energetic
Macroscopic Representation (EMR), ¢6 thé tam dich
Ia phuong phap md hinh héa biéu dién vi mé nang
luong, dugc tac gia A. Bouscayrol va cong su gidi
thiéu lan dau tién vao nam 2000 [3, 4].
Gan lién vsi myc dich ban dau ciia mot phuwong phép
biéu dién hinh hoc, EMR gan nhu dugc ang dung ngay
vao nghién ciu cac hé thong co tuong tac nhiéu thanh
phan vat Iy nhu: dién gi6 [5], qua trinh dién héa [6] va
dic biét 1a hé théng trao doi ning lwong trong 6 tO
dién. Trong linh vuc 6 t06 dién, cac tac gia cong b
nhitng bai b&o tir vin dé nho nhu moé hinh hoa dong
co, hé truyén dong [7], dén phuong thuc téng hop
chinh thé mot cach co ban [8] hay tong quat hoa [9].
Bai bao nay trinh bay mdt mo hinh 6 t6 dién st dung
EMR c6 thé hién qua trinh tuong tac banh xe - mat
dudng nham phu hop tng dung diéu khién chuyén
dong, diéu ma cic moé hinh EMR cong bd trude do
hodc chua thoa méan nhitng nguyén 1y nang lugng [10],
hodc dwa trén cong thitc phuc tap [11] va khéng quen
thudc véi nhitng nguoi lam trong linh vuc déac thu nay.
Trong Muc 2, nhitng nguyén ly co ban va thu vién
phén tir trong EMR duoc trinh bay. Bén canh mé hinh
truyén théng, mot mé hinh thé hién sy tuong tac banh
xe - mit duong phuc vu nhitng nghién ciru diéu khién
chuyén dong cling dugc dua ra trong Muc 3. Muc 4
dan giai nhirng két qua md phong dwa trén tham sb 6
t0 i-MiEV tai Trung tdm Nghién ctru Ung dung va
Sang tao Cong nghé (CTI).

2. Phwong phiap EMR
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2.1 Nguyén ly co ban

Du linh hoat trong Gng dung, phuong phap EMR cé

nhitng nguyén ly co ban budc phai tuan thu trong qua

trinh xay dung mo hinh dé thé hién duoc y nghia vé
nang luong.
* Nguyén Iy twong tac (Interaction principle): Hé
thong biéu tuong dugc trinh bay cy thé trong Tiéu
muc 2.2. Cac phan tir trong hé thong lién két hai
chidu v6i nhau dya trén nguyén ly tdc dong
(action) va phdn imng (reaction). Tich gitra gia tri
dai luong tac dong va phan Ung la nang luong
trao doi gitra cac phan tir.
e  Nguyén Iy nhdn qua (Causality principle): Tinh
nhan qua tich phan dugc su dung trong phuong
phap, diéu nay thé hién trong phdn tir tich liy
(accumulation element) dién ta mdi quan hé phu
thudc vao thoi gian giita cac bién (cu thé ¢ day,
céc bién dau ra 1 tich phan cua cac bién dau vao).
Tat ca cac loai phan tir con lai cta phuong phap
déu danh cho mé ta cac mbi quan hé khong co su
phu thudc vao thoi gian.
e Nguyén ly nghich dao (Inversion principle): Vi
mong mudn thu duoc gia tri dai lugng dat vao tur
diu ra mong mudn, ciu tric diéu khién cua hé
thong xem nhu mé hinh nghich dao timg phan tu.
Co hai loai mé hinh nghich dao, phu thudc vao
phan tir EMR:
= Mo hinh nghich déo truc tiép: 4p dung khi
phan tir EMR khéng c6 tinh tich liy.

= Mo hinh nghich dao gian tiép: 4p dung khi
phan tir EMR c6 tinh tich liy (vi-tich phan -
nhu dé phan tich), trong truong hop ndy, tin
hiéu dau vao can thém cic dai lugng do
luong tuor hé thong, co thé st dung bo diéu
khién kinh dién (vi du nhu PID) trong hé
phan hoi vong kin thong thudng.

2.2 Thu vién cac phin tir co ban

C 2

(a) Phan tr ngudn

nang luong / moi trudng (b) Phan tir tich liiy
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(¢) Phan tir chuyén doi (d) Phan tir chuyén doi
(don dang vat ly) (da dang vat ly)
—
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(¢) Phan tir phan tan (f) Phén tir phan tan
(don dang vat 1y) (da dang vat ly)

H.1  Thur vién cdc phan tir co ban trong EMR

VCCA-2015

Hinh 1 trinh bay cac phan tir co ban trong phwong
phap EMR. Nhu mot chii y nhé khi doc mé hinh
EMR, ngoai viéc phan biét phan tir theo chirc ning
nang luong nhu dudi dy, c6 mot quy woc biéu twong
(pictogram) chung. Quy udc nay chi ra rang mdt phin
tir mo hinh hoa mdt qua trinh chuyén d6i niang lugng
trong mét dang vat Iy (mono-physical) s& c6 hinh
vudng, mat khac, phan tir mé hinh héa mot qua trinh
chuyén d6i niang lugng giira cac dang vat 1y khac
nhau (multi-physical) s& dugc thé hién bang hinh tron.
e Nguén ndng lwong / méi truong (energy source /
environment): Cac phan tir thudc dang nay duoc
coi la diém dau cudi ctia hé théng (Hinh 1.a).

e Phan tir chuyén doi (Conversion element): Ning
luong di qua phan to nay dugc bao toan. Thuat
ngit chuyén doi ham y viéc chuyén hoa ning
luong trong mét dang vat ly hay gilta cac dang
vat ly v6i nhau (Hinh 1.c va 1.d).

e Phdn tir phan tan (Distribution element): Pay 1a
mét dang cua phdn tir chuyén d6i, chi khac ¢
diém, voi phan tir phdn tén, ludng nang lugng co
thé dugc phan chia thanh nhiéu huéng (Hinh 1.e
va 1.1).

e Phan tir tich liiy (Accumulation element): Dang
phén tir cho phép ning lugng trong hé dugc tich
lay (Hinh 1.b).

Bén canh cac phan tir co ban di néu, cing véi su phat
trién theo huéng mé rong cac quéa trinh c¢6 thé mo
hinh hoa béng EMR, thu vién cling lién tuc dugc déi
moi: Phan tir hinh tam giac di duoc thay thé bang
hinh vudng vdi chirc nang tong quat hon (tir thé hién
qué trinh trao d6i co ning - dién nang thanh thé hién
trao d6i ning luong da dang vat 1y); phan tir khuyéch
dai, phﬁn tir lya chon hay phﬁn tr phi tuyén cling lan
luot duge tac gia phuong phap chap nhan dua vao.

3. Ung dung trong mod hinh héa 6 t6 dién
Dé don gian hoa, hé thong 6 t6 dién nghién ctru trong
bai b4o nay (Hinh 2) duoc chia thanh hai hé théng 1a
hé thong dién (ngudn dién, bién tan, dong co IPM) va
hé théng co hoc (hop s6, banh xe, khung vo xe).

3.1 Mo hinh truyén théng

e Trong h¢ thong, nguon dién cap boi de quy duge
mo hinh hoa bang phan tr ngudn ning luong, cd
dién ap la dai lugng mang tinh tac dong, dong
dién 1a dai lugng mang tinh phan Gng.

e Bién tan dugc md hinh hoa véi dién ap pha Uapc
dau ra phu thuoc vao dién ap mot chiéu Uy, va
tin hiéu chuyen mach S, ¢!

Khung vo xe

Hinh xe

Mix duong

Dang oo IPM

H.2  Hé thong dirgc nghién ciru
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(c) M5 hinh EMR dé xuét

H.3 M6 hinh hoa su twong tdc banh xe - mdt duong
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e  Qua trinh dién ctia Pong co IPM duge mo ta dya
trén hé phuong trinh [12]:
des l’l QQ + SLd 0 l'ﬂds

Q @dsu
R, + qu@qs

bl § 0 bt

v6i Rg, Lag lan luot 1 dién trd stator, dién cam truc
dq cua dong co, eds va eqS 1'21 strc phan dién dong;
quqs E (4)
quE S-d s+ Yom i
trong d6 we la tdc do dién cua dong co.
Bén canh do, cong thuc chuyén hé toa do Park tur
hé tryc abc sang hé truc dq duoc sir dung. Phan tir
chuyén d6i da dang vét 1y ciing duoc dwa vao
nhim mo ta qua trinh chuyén hoa giira dién ning
va co nang trong 6 t6 dién sinh mémen dién tur:
P . ..
= 2Z(yPMIq_ (Ld_ Lq)ldlq)' (5)
Ngoai ra, v6i ky hiéu T, 1a mémen tai, J la md
men quan tinh ctia dong co, qué trinh sinh gia toc
thong qua phuong trinh co sau:
dw,
dt
con duoc thé hién qua phn ti tich liy.
Bo6 qua khau vi sai, h¢ théng co cua 6 t0 dugc mo ta
b6i ba phan tir:
e M0 hinh hgp 56 thé hién céc quan hé tde do goc va
quan hé moémen theo t}”f sé truyén Kgear < 1 nhu sau:

ccooc-

Idc:[ias ibs Ics]

®)

Tem

(6)

¥ m gear
tT, Tk, %

wh “gear

voi Typ 1@ momen tac dong 1€n banh xe.

- - - - -
(‘« u, oy L .
—
Ac quy
|
Ry v 1y et 2 “ S

e M0 hinh bdnh xe tryyéq thong, thuong duoc dua
vé mét phan tir chuyén d6i nang lwgng (Hinh 3.b):

fv =V, —wthwh. (8)

1' t wh
e M0 hinh Khung vo xe 1a thanh phan thé hién dong
hoc doc truc cua than xe [13]:

dv

d:\l = F Faero I:roll

- m,gsin(@), (9)

trong do, luc can khong khi Faepo VA luc can 1dn Fyy
duoc tinh nhu sau:

i rc
; Faero = - AF (Vev + Vwind )2 , (10)

roII - f F
v6i phan luc mat duong theo phuong thang ding:
F, = m,gcos(a). (11)

Trong céc phuong trinh (9) va (11), g la gia tdc
trong trudng, o la goc nghiéng cua mat dudng ma
xe dang di chuyén.

3.2 M6 hinh phuc vu diéu khién chuyén dong
Khong khé dé thdy rang, viéc mé hinh hoa banh xe
(Hinh 3.a) chi dua trén co s Iy thuyét vé phan bé luc
1én vat thé tron chuyén dong quay quanh truc (nhw mo
hinh truyén thong) khong thé hién duoc qua trinh vat
1y da dién ra. Thém nira, chinh diéu nay da lam han
ché kha ning tmg dung cia EMR trong nghién ciru
ciia cac nha khoa hoc 1am vé linh vuc diéu khién
chuyén dong xe, nhiing ngudi nhin nhén viée tao ra
luc kéo (Fy) giup xe di chuyén 1a do ton tai sy chénh
léch gitra van toc banh va vén tc xe. Theo d6, mo
hinh quen thudc nhat thé hién diéu nay co thé ké dén
la m6 hinh ctia Pacejka dya trén Magic Formula [14]:

F. = F,Dsin(Carctan(Bl - E(BI - arctan(Bl )))) (12)
véi B, C, D, E la cac hé sb phu thudc vao mat duong
va ti s truot

v

| — _wh

[Va|

Theo co sé nay, biéu dién su twong tac banh xe - mat
duong theo quan diém EMR dugc dua ra trong Hinh 3.c.

3 Vev (13)

H.4 MO hinh EMR 6 t6 dién véi mé hinh mé réng cua tuwong tic banh xe - mat duong

VCCA-2015
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Pang chii ¥ 1a ti s truot A (khong thir nguyén) duoc
dua vao moéi trudng nhu mot thong tin (khong mang
nang luong). Yéu t6 nay da gitip tich mat duong dé
biéu dién nhu méi trudng, tir do, nang lwong that
thoat AP = FAv = F,(v,,, —V,,) duoc biéu dién (Hinh 4).
Quan trong hon, m6 hinh méi, mét cach mém déo, da
goi m& kha nang truyén thong tin trong EMR dé tranh
nhitng vi pham vé nguyén 1y ning luong.
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4. Két qua mé phong

Thu vién EMR trong MATLAB/Simulink ciing dugc
thanh 1ap [15], ban chat 1a cung cép nhiing mat na hé
thdng con (sub system) theo cac phan tr cua phuong
phap, dé nguoi dung tuy do phat trién hé thong trén
nén tang nay. Sir dung thu vién trén, nhom tac gia bai
béo tién hanh mo phong dua trén nhitng tham sé cua
xe i-MiEV tai CTI.
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H.5  Két qud mé phong xe i-MIEV
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Bing 1: Tham s cua xe i-MIEV

Tham sb Giatri Ponvi
Khoi lugng xe (m,) 1345  [ko]
Dién tich mit trudc (Ag) 2 [m?]
Mat d6 khong khi (p) 1.225
Hé s6 can lan (f,) 0.3
Ban kinh banh xe (Ryn) 0.285 [m]
Ti s6 truyén (Kgear) 1/7.065
Goc nghiéng mat duong (o) 0 [rad]
Bang 2: Tham s6 dong co
Thong so Giatri Ponvi
bién ap DC dau vao 330 V
Cong suat cuc dai 47 kW
Pién tro 12 mQ
bién cam truc d 140 pH
Pién cam tryc q 213 pH
Tur thong nam cham vinh ctru 0.06 Wh
S6 cuc 8
Bang 3: Tham s6 mit duong [16]
B C D E
Duong kho 10 19 1 0.97
Puong truot 4 2 0.1 1

Cé4c tham sb dong hoc xe va tham sb dong co duogc
trinh bay tuong ung trong Bang 1 va Béang 2.
Dé bam sit vi diéu kién thyc té, thuat ton diéu khién
vector (FOC) duoc sir dung cho hé truyén dong dong
co IPM. M6 phong dugc thuc hién trong diéu kién tao
mdt chién luge di trén dudng nho dat momen dién tir
clia dong co theo cac budc: (0) Tai thoi diém khoi
dong, mémen dit bang 150 Nm; (1) Momen dit giam
tir 150 xubng 50 Nm; (2) M6émen dit giam tir 50 Nm
xudng 10 Nm. Tai bude (3), diéu kién duong thay ddi
tir duong kho sang dudng truot (cic tham s theo
cong thirc Pacejka dugc trinh bay trong Bang 3 va dac
tinh duong dugc thé hién trén Hinh 6).

x10°

2

g Ay

Prsveg trme

Lurc kén [N)

=3 05 0 05 1
Feoso truot (A)

H.6  Diéu kién mat dwong trong mé phong
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Hinh 5 trinh bay nhitng két qua mé phong 6 to theo
mé hinh dé xuat trong Tiéu muc 3.2. Pau tién, cac
Hinh 5.a, 5.b va 5.c tuong mg thé hién dap tmg mo
men dién tir, md men tai va téc d6 gbc ciia dong co.
Sau do, su thay ddi theo thoi gian cua van tdc banh xe
(Hinh 5.g), van téc xe “tic dong” (Hinh 5.e) va dai
luong téng lyc can “phan tng” (Hinh 5.f) ciing duoc
thé hién. Tuy nhién, diéu phai nhin manh & day 14 khi
xe di vao dudng trugt, ti sb truot ting manh (Hinh 5.h)
da khién lyc kéo giam trong thoi gian ngan (Hinh 5.d).
Chinh hién tugng nay tao nén sy khac biét gitta mo
hinh Pacejka so v6i md hinh truyén thng. So sanh
van tdc xe va van toc banh thé hién trong Hinh 7.

Van t6¢ xe va banh xe

Van toc (wm/hj

s 11 MGG 280

== V&N OC Dad e

. Thol gian [s] . .
H.7  Vian toc xe va van toc banh xe
trong nhitng diéu kién mat duong khac nhau

5. Két luan

Mo hinh 6 t6 dién theo phuong phap EMR véi mo
hinh mo rong tuwong tac banh xe-méat duong dua trén
cong thuc Pacejka da dugc trinh bay trong bai béo.
Céc két qua mo phong 1a minh ching rd rang cho tinh
dung dan ciia mo hinh dong thoi cho thdy md hinh
htra hen kha nang duogc sir dung trong nhitng nghién
ctru vé quan 1y nang luong va diéu khién chuyén dong
cho xe dién.

Loi cam on
Nghién ciru ndy duogce tai tro boi D& tai cAp Nha nudc
KC.03.08/11-15: “Nghién ciru thiét ké va ché tao hé
truyén dong va diéu khién cho 6 to dién”.
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