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TOM TAT

Su phat trién ctia cac phuong tién dong co dét trong la mot trong nhiing thanh tyu
vi dai nhat ctia cong ngh¢ hi¢n dai. Tuy nhién, s6 luong 16n 6 t6 dang dugc sir dung trén
khip thé glm tiép tuc gdy ra cac van dé nghiém trong cho méi trudng va doi séng con
nguoi nhu: O nhiém khong khi, sy nong 1€n toan cau va sy can ki€t nhanh chong tai
nguyén cua trai dat. Viéc chuyén hudng sang st dung 6 t6 dién 1a mot trong nhitng giai
phap hiéu qua cao. Tuy nhién vé nhuge diém, xe dién bi €161 han pham vi lai xe va dy
trit ning luong pin. Pé ting tiét kiém nang luong va cung cap luc kéo cho dong co dién
t6t va hiéu qua hon, cac tac gia di nghién ctru vé viéc 1ap mo hinh va mé phong hé thong
truyén dong 6 t6 dién khi di chuyén qua cac dia hinh khac nhau. Viéc diéu khién toc d6
dong co khong ddng bo ba pha trén xe 6 t6 dién theo phuong phap tua tir thong rd to. Cac
thong s6 dap tng ctia dong co khong dong bo duoc phan tich va danh gia dya vao phan
mém matlab simulink.

Tir khéa: O t6 dién; Hé thong truyén dong; Matlab simulink.
ABSTRACT

The development of internal combustion engine vehicles is one of the greatest
achievements of modern technology. However, the large number of vehicles being used
around the world continues to cause serious problems for the environment and human
life; e.g., air pollution, global warming and rapid depletion of resources of the earth.
The shift to using electric vehicles is one of the highly effective solutions. However, on
the downside, electric vehicles have limited driving range and battery power reserve.
To increase energy savings and provide better and more efficient traction for electric
motors, the authors have studied the modeling and the simulation of the powertrain of
electric vehicles when moving on different terrains. The speed control of three-phase
asynchronous motors in electric cars by the rotor flux-like method has also been studied.
The response parameters of the asynchronous motor were analyzed and evaluated using
Matlab simulink software.

Keywords: Electric vehicles, powertrain, Matlab simulink
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1. Pit van dé.

Su phit trién cta xe cd st dung dong
co dot trong, dac biét la 6 to, la mgt trong
nhitng thanh tyu 16n nhét cta ky thuat hi¢n
dai. Tuy nhién, mét luong 16n 6 t6 dugc
str dung trén khip thé giéi da va dang gay
ra nhitng van dé nghiém trong dbi voi méi
truong va cudc sdng con ngudi. Su 6 nhiém
khong khi, hién tugng am 1én toan cau, va
su can ki€t nhanh chong cua nguén dau mo
1a van dé duoc quan tdm hang dau hién nay.
Do do, xe 6 t6 di¢n dugc xem la giai phap
hiéu qua cho van dé nay.

Hé théng truyén dong dién truyén
ning luong tir dong co dién dén cac banh
xe. Cau trac hé théng bao gom : Ngudn
dién, Bong co dién, truyén luc co khi va
cac banh xe. Pong co dién khong dong
bd rotor lf”)ng s6c cu tao don gian nhat 1a
loai rotor 1dng s6c diic nhém nén chiém
mot sd lugng kha 16n trong loai dong co
cong suat nho va trung binh. Nhuoc diém
ctia dong co nay la diéu chinh tc do kho
khan va dong dién khéi dong 16n thuong
bang 6-7 1an dong dién dinh muc. Dé bd
khuyét cho nhugc diém nay, nguoi ta ché
tao dong co khong dong bo rotor 16ng soc
nhiéu téc do va dung rotor ranh sau, 16ng
soc kép dé ha dong dién khoi dong, dong
thoi ting md men khoi dong 1én . Dé ting
tiét kiém ning luong va cung cap momen
cua dong co dién t6t hon hiéu qua hon cua
6 to dién, céc thuat toan diéu khién nhu
diéu khién tua tir thong rotor va diéu ché
vector khong gian cé thé dugce sir dung.
Nghién ctu str dung matlab simulink vé
cac thong s6 cia xe dya trén mo hinh hoa
va md phong dong luc hoc cta 6 t6 dién
khi dugc tich hop véi mét dong co cam
mg chay bang pin Li-ion dé phan tich
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chuyén d6i nang lugng va moé-men xoan
cua xe dap ung yéu cau van hanh trén
duong.

2. Xay dung m6 hinh va mo phéng
b diéu khién dong co khong ddng bd
theo phwong phap twa tir thong FOC
(Field Oriented Control)

2.1.Céu triic hé truyén dong 6 t6 dién

CAu tric hé truyén dong 6 t6 dién co ban
dugc trinh bay nhu hinh 1[1]. Hé thong bao
gém 3 cum chinh: cum mo to dién, nguén
nang lugng chinh va ngudn cac hé thong
phu. Cum dong co dién gém mot bo diéu
khién xe, bo chuyén dbi dién tir cong suit,
mo to dién, bd truyén luc co khi va banh
xe dan dong. Cum ngudn ning luong thi
¢6 nguodn niang luong, bo diéu khién ning
luong, bo nap nang lugng. Cum nguén cac
hé thong phu gém ngudn cho cum co ciu
1ai, cum diéu khién diéu hoa khong khi va
céc hé théng phu khac.

Bin dap phanh
74 .
4.

Bin dap ga

He théng phy

| | === Lién két co khi
—) Lién két ndi dién
——+ Lién két didu khidn

Hinh 1 : Hé théng truyén luc co bén ctia xe dién [1]

Pong co dién 1a loai dong co dién
khong dong bo 3 pha, nguén DC cung cap
cho dong co 3 pha khong dong bo thong
qua bd nghich Iuu 3 pha. Cac banh xe di
chuyén trén dia hinh dudng khac nhau tao
ra momen can tic dong 1én dong co dé
khao sat.
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( ) <=

Momen tai

Piong co
KBbE
3 pha
l
Nghich luun

L )<=

| Momen tai

Truyén luc
co khi

ngm’-:i;l dién
1 chiéu DC

Hinh 2 : Hé théng truyén luc cta xe dién ding dé
khado sdt
2.2 M6 hinh héa va mé phéng bo
diéu khién téc do dong co theo phuwong
phap tua tir thong FOC (Field Oriented
Control).

Pong co khong dong bo 3 pha IM
(Induction motor) hoat dong dang tin cay,
hiéu qua cao, bén bi va bao tri thap yéu
cau. Tuy nhién, dé diéu khién chinh xac
ciia dong co cam tng la khong dé dang
¢6 thé thuc hién duoc do tinh phuc tap va
phi tuyén tinh. Vi vy, mot trong nhiing k§
thuat duoc st dung dé giai quyét nhimg
van dé nay 1a phuong phap diéu khién toc
dd dong co theo phuong phap tua tir thong
rotor (FOC).

O hé phuong trinh ciia mé hinh toan
hoc cta déng co KPB trén h¢ toa d6 dq

my = % Zp L 2 Yrglsa = Zp(l 0)Lsralsas
ta co su tuong quan gifra tir thong 16 to Y.
va m6 men dién tir M cua déng co KbB
dugc diéu khién boi 2 thanh phan [ vai.
Nhu Vay coi viée diéu khién tir thong o to
va diéu khién m6 men cua dong co KB 1a
doc 1ap va néu xét trén hé toa do dq thi do
1a hai thanh phan mot chiéu. Vay viéc didu
khién gan nhu doc 1ap (thuc té c6 su trong
tac) hai thanh phan dong i, va i dé dieu
khién téc do dong co KBB trén he toa do
véc to quay dq duogc goi la phuong phap
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diéu khién véc to FOC — Field Oriented
Control.

Tuy nhién, dé diéu khién chinh xac
cia dong co cam tng 1a khong dé dang
¢6 thé thyc hién duoc do tinh phuc tap va
phi tuyén tinh. Vi vay, mot trong nhﬁ:ng ky
thuat dugc su dung dé giai quyet nhung
van dé nay 1a phuong phap diéu khién twa
tir thong rotor (FOC). Ung dung ciia FOC
cho dong co cam ung dugc thuc hién chu
yéu dya trén dong co mo hinh ¢6 dinh trong
truc dq voi hé quy chiéu c¢b dinh. Nhu thé
hién trong Hinh 3, diéu khién FOC cing
v6i didu ché vecto khong gian dugc st
dung dé xac dinh cac xung kich chinh xac
dugc cip cho nghich luu dé cung cép cho
IM dong dién ba pha.

O

~

i_)otét M
40 quay O e S

Hinh 3 : Cdu tric diéu khién tua theo tir théng
rotor [2]

Céu tric gém 2 mach vong diéu khién,
d6 1a vong bén ngoai voi bo didu khién tir
thong (khdi 7) va bo diéu khién toe do quay
(khéi 9) theo luat PI (Proportional Integral),
vong bén trong bao gdm hai bo diéu khién
doc 1ap theo luat PI (khéi 6), diéu khién hai
thanh phan dong mét chiéu i y va i bing
tinh todn céc gid tri mong muon u_, va U,
Céc gia tri nay dugc dua dén kh01 chuyen
toa do (khdi 4) tiép dén 1a khéi diéu ché
vector khong gian SVPWM (Space Vector
Pulse Width Modulation) (khéi 2) dé tinh
toan dua ra gia tri dong cét cho cac van ban
dan & mach dong luc theo yéu cau.
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2.3 Phwong phap diéu ché vector
khong gian SVPWM

Tir hinh 3 ta thiy b6 SVPWM la dya
trén givé tri dién 4p mong mudn (u, uy) dau
vao dé tinh toan va tao ra cdc chum xung
kich thich, diéu khién déng/mé cic van cta
bd nghich luu xoay chiéu ba pha

Mach nghich luu gém 6 IGBT, véi 3
cap van co thé tao ra 2° = § trang thai logic.

Viéc dong m¢é cac van IGBT dugc tinh
todn bdi vi di€u khién: Trang thai van dong/
ma, thoi gian dong/mé cho mdi van

Gia tri logic trang thai cua tirng cudn
day pha (v, u, w) dugc dinh nghia nhu sau:

+ Logic “0” néu cudn day dugc noi voi
cuc am cua dién ap DC-Link.

+ Logic “1” néu cudn day dugc noi voi
cuc duong cua dién ap DC-Link.

Vi ¢6 2°= 8 trang thai logic khac nhau
nén chiing ta c6 twong img 8 vector di¢n ap
chuin Uy U,..., t. Trong d6 c6 2 vector goi
la vector khong (zero VG:[OI‘)Z u, tuong mg
voi tat ca 3 day dugc ndi vao cyc am, va
u, tuong ung véi tat ca 3 day duoc ndi vao
cuc duong.

Bang 8 vector dién ap chudn va trang
thai logic

u, | u, | u, | uy | u, |u | u | u,
Oj1[1]0]O0]O0]1]1
viOojo|Tl|1]1]0]0]1
OjolO0O]jO]| 1 |T]|]T1]1

Gia str khoang thoi gian t6i da dé hoan
thanh mot vector us 1a Tp*. D6 1a khoang
thoi gian dé thuc hién vector dién ap co
module tbi da la 2UDC/3.

- ula tong ctia hai vector u,vau,

- u,va u dugc thyc hién boi trang thai
logic ctia u , va u, trong khoang thoi gian:

22
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* |u1"| . _ * |ul|

P uglmax

Do u_da dugc thye hién tron ven trong
khoang thoi gian (7, + 7)) nén trong khoang
thoi gian con lai T, — (T + T;) ching ta
thuc hién mét trong hai vector c6 module
bang khong 12 u , hodc u.

Nhu vay, ching ta thuyc hién diéu ché
theo phuong trinh sau:

ug = U, + u + uy (hodc uy)

1 T, T, -(T.+T,
L T Tp

3.Xay dung mo hinh xe 6 t6 dién khi
di chuyén trén dudng

S0 dé cdc luc va mémen tdc dung Ién 6t6
khi chuyén déng lén déc. [3]

G — Trong luong ton bd cua 6to.

Fk — Luc kéo tiép tuyén ¢ céc banh xe chu dong,
Ffl — Lyc can lan ¢ cac banh xe bi dong.
Ff2 — Lyc can lan ¢ cac banh xe chu dong.
Fo — Lyc can khong khi.

Fi — Luc can 1én déc.
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Fj — Luc can quan tinh khi xe chuyén dong
khong 6n dinh (c6 gia toc).

Z1, Z2 — Phan luc phip tuyén ctua mit
duong tac dung 1én cac banh xe ¢ cau
trudc, cau sau.

Mf1—Momen can lan ¢ cac banh xe bi dong.
Mf2 —Mo6men can lan ¢ cac banh xe chu dong.
o.— Goc doc cuia mit dudong

Luc kéo tiép tuyén F,:

F,_la phan lyc tir mat du‘ong tac dung
lén banh xe chu dong theo chiéu cung véi
chiéu chuyén dong cua 6t6. Piém dit cua
F tai tim cua vét ti€p xuc gitra banh xe voi
mat duong:

M _ Miy
Tp Tp

(1

Fk =
Luwc can lan F T
F = f.G.cos(a) = fmgcos(a) (2)
/' Hé s6 can lan cua 16p xe;
g: gia toc trong truong (m/s?);
a: Goc nghiéng tao boi mat duong va
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Luc cdn gié F :
. w

1
Fw = EprS(vx + Vgis )2 (3)

p : Khéi lugng riéng ctia khong khi;
C_: 1a hé s6 can khi dong hoc;
S': dién tich can gid phia trudc cua xe;
:1a van toc cua xe;
- 14 van tdc gio.

Ll.rc can khi xe 1én doc F;:

F;, = Gsin(a) =m.g.sin(a) (4)

Luwc can khi xe ting toc (Iwe quén
tinh) F]

0, 1a h¢ s6 tinh dén anh hudng cua cac
khéi lwong chuyén dong quay. Ta ¢ thé tinh
J, gan diing nhu sau:

8; = 1,05 + 0,05if (6)

Xét trong truong hcrp téng quat, xe di

chuyén trén duong dbc. ta xac dinh dugc
phuong trinh mo ta gia toc cia xe nhu sau :

mit phang ngang; Fj= F-(Ff+F;+F,  (7)

m: khoi lugng cua xe.

dv Mﬁ:f”— m.g.sin(a)-fmgco s(a)- %prS(UU+Vgi6 &
B E - &;m (®)

Str dung phuong trinh (5) dé xay dung Thong s6 Gia tri
mo hinh m6 phong dong luc hoc 6 t6 dién | Gia ¢ trong trudng (m/s?) 981
trén Simulink. ’ Ti s6 truyén hop sb 9.73

Béang thong s6 dong hoc cua 6 t6 dién Hiéu suét truyén hop sb 0.7

dé thuc hién tinh toan va mé phong tong
luc kéo:

Béng 1: Thong s dong hoc ciia 6 t6 dién

Théng s6 Gia tri
Khéi luong xe (kg) 2100
He¢ sb lyc can khong khi 0.24
Hé sb luc can lian 0.02
Ban kinh banh xe (m) 0.24

Pé thyc hién tinh toan va moé phong
téng luc kéo, nghién ctru thyc hién cho
xe di chuyén trén dia hinh duong bang va
duong dbc nhu sau :

§=50m
v=15km/h

§=50m
v=15km/h

§=100m
v=60 km/h

§$=100m

L =G0 hmlh

S=100m
v=60km/h
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Doan 1: Xe chuyén dong déu Gia s,
trén duong bang phang, xe chuyén dong
v6i van toe v = 60 km/h, quing dudng di
chuyén 12 S = 100 m. Ta tim dugc thoi gian
xe di chuyén hét quing duong 13: t1 =6 (s).

DPoan 2: Xe chuyén dong cham dan déu
(leo dbc) Gia sir xe leo dbc & goc doc 12°,
van toc 1a v = 15 km/h, quing duong di
chuyén 1a S = 50 m. Ta tim dugc thoi gian
di chuyén hét quing duong la: t2 =24 (s).

Doan 3: Xe chuyén dong déu: t3 = 6 (s).

Doan 4: Xe chuyén dong chdm dan déu
(leo doc): t4 =24 (s).

Poan 5: Xe chuyén dong déu: t5 =6 (s).

Mo hinh dugc xdy dung trong matlab/
simulink nhu sau:

o 1|
B Siined

Hinh 12 : Mé hinh xe 6 té6 dién khi di chuyén
trén dudng

o

Klorg

Tin hiéu vao cia md hinh 1a goc doc,
mo hinh s€ tinh todn cac luc can tac dung

=
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1én xe, sau d6 thong qua ti s6 truyén hop sb
va ban kinh banh xe s€ tinh ra mémen can.
Momen nay chinh la tai tdic dung Ién dong
co dién.

4. M6 hinh mé phéng hé truyén dong
0 to dicn

4.1. Xay dung khoi nghich lvu 3 pha
(bd bién ddi dién tir cong suit sir dung
IGBT)

TL T3 TS

+—acC
— - 4
N " - N -

Hinh 13 : Khéi nghich luu 3pha

Tin hiéu dau vao cua khdi 13 6 xung
kich: T1,T2,T3,T4,T5,T6 tir bo diéu khién
dé tao ra cac dién ap pha A,B,C dé cép cho
dong co dién 3 pha.

4.2. M6 phéng bd phat xung diéu
khié€n nghich luu

Khau diéu ché vector khong gian
SVPWM nhan cac gia tri dién 4pmong mudn
uso. va usp, tinh toan va dua ra tin hi¢u thoi
gian dong ngit tu, tv, tw.

[ Uaipha @
Ualha =
Fi *
Ubéta
M1 ™
£ T = T e o
| } wp—
o=
* —I_-'I' =
¥ Tz puatss {1 )
o TR .z T pse
| I L T Temd| o Tomd
e YL

Hinh 14 : Khéu diéu ché vector khéng gian SVPWM
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Tin hiéu dau vao cua khau 1a dién ap UvalU, f va tin hi¢u ngo ra 1a cac xung kich cho
khoi nghich luu 3 pha.

4.3.X4y dung khdi chuyén toa dd uvw = ap=dq

Teta

abc

a0
abe to
Alpha-Beta-Zero

id
D -
f(u) 1
.
ig

lc
Hinh 15: Khdu chuyén toa dé abc sang dq
Tin hiéu dau vao cta khau 1a dong diéni, i, i vatin hiéuraladongdiéni , i
a Y e sd “sq
4.4.Xay dung khdi chuyén toa dd dq =ap

St dung cong thirc chuyén d6i Park nguoc, chuyén tir hé toa dd quay dq sang toa do
dimg yén ap.

3io2_alpha
G
. usalpha
_ 3to2 beta
>- «D
ic usbeta
Hinh 16 : Khau chuyén toa dé tirdq sang a8
Tin hi¢u vao ctua khau 1a géc quay Teta, 4.6. Xay dung cac khau diéu chinh

thanh phan dong dién truc d, va truc q d¢  ¢§¢ d¢, didu chinh dong va tir thong
tao thanh tin hi¢u hi¢u dign dprala u va u p

Céc bo diéu khién bao gdm: 1 b diéu
4.5. Xay dung khau mo hinh tir thong

khién tir thong, 1 bo diéu khién toc do, 2
Khoi mo hinh tir thong c6 nhi¢m vu  bg diéu khién dong dién (dong isq va dong
tinh cac gia tri tor thong rotor ¥r va goc isd). Céc bd didu khién nay hoat dong dua

quay 9s dua trén co s¢ cac dai lugng do trén thudt toan PI.

duoc isd, isq va wm. -
@ R PID(s) +
Psir
RPsir R
Toa 4|—®
Teta Estimatar Flux Observer Isd

Lo
i b SFH
Dy -

lsq

—&

Hinh 17 : Khdu mé hinh tir théng Hinh 18 : Cdc bg diéu khién PI
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4.7. So @6 khoi tong hop bd diéu khién twa tir thong xay dung trong matlab-

simulink :

Irarstermaen teew->ab- =0

MFITT (Flu hitei)

Hinh 19. So d6 khéi téng hop bé diéu khién tua tir théng rotor

Két hop cac khau va khdi ta duge mo
hinh m6 phong bo diéu khién téc do dong

co theo phuong phéap tya tur thong FOC
trong matlab simulink nhu sau:

Speed Commanst

T4R Controller

—_. .
Voitage &

Hinh 20 : Mé hinh téng qudt mé phdng hé théng truyén déng dién trén xe 6 t6 dién.

So d6 Simulink mé phong hé truyén
dong duogc xay dung nhu hinh . Trong do,
bao gém cac khéi bo nghich luu, tin hiéu
diéu khién bo nghich luu bang phuong
phap FOC, khéi hé théng truyén dong
khi xe 0 t6 di chuyén trén dudng tinh ra
momen can thiét, momnen nay chinh 1a tai
tac dong 1én dong co khong ddng bo ba
pha. Tir phan hoi tc d6 dong co khi co
tai, bo diéu khién FOC s& so sdnh véi toc
d6 d3t ban dau va tinh toan ra xung kich
diéu khién b nghich luu cip dong dién
cho dong co hoat dong bam theo tbe do
dat mot cach chinh xac.

26

5. Két qua md phéng

Sau khi chay mé phong ta ¢ két qua
nhu sau :

0 0.05 0.1 0.15 02 025 03 035 04

Hinh 21 : Cudng dé dong dién di vao stator
khi khéi déng
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Trong qué trinh khoi dong ban dau,
dong dién trong 3 cudn day stator twong
ddi 16n, tuy nhién sau 0,05s cling on dinh
ngay tr¢ lai. Khi méi khéi dong, gia tri mo
men ciia dong co ludn & vi tri cao dé thing
dugc mo6 men can quan tinh, do mo men ti
1¢ thuén véi cuong do dong dién nén trén
hinh 21, 22, 23 va 24 cuong d¢ dong dién
cling mang gia tri cao twong tng. Piéu nay
pht hop vé nguyén 1y va ching to duoc su
déap Gmg tt cuia dong co dién.

0 0.05 01 0.15 02 0.25 03 035 04

Hinh 22 : Cudng dé dong dién trén stator khi khéi
déng cia pha A

0 003 01 013 02 023 03 033 04

Hinh 23 : Cuong dé dong dién trén stator khi khéi
déng cia pha B

0 003 01 0.3 02 023 03 033 04

Hinh 24 : Cudng dé dong dién trén stator khi khéi
déng cua pha C
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Hinh 25 : Ddic tinh téc dé déng co
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Hinh 26 : Bdc tinh mé men cia déng co

Theo hinh 25 va 26 ta thdy, khi xe
méi khai dong trong khoang 0,02 gidy, toc
do dong co giam manh déng thoi moé men
dong co ciing ting manh nham thing dugc
mo men quén tinh cta xe ban dau. O giai
doan chuyén tiép tir duong bang qua dudong
déc, toc d6 va moé men dong co co chut dao
dong nhung sau d6 d3 6n dinh dé dap tng
nhu cau tir xe.
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Hinh 27 : Hinh Dé thi di chuyén ctia xe theo géc déc
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Hinh 28 : Dé thi momen theo géc déc
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Theo Hinh 27 ta thiy xe di chuyén trén
cac quing duong voi cac gde doc thay doi
tir 0° dén 12°. voi chiéu dai tuyén duong
toan bo 400m gom 3 tuyén dudng bang dai
toan bd 300m va duong déc 100m. Dong
thoi theo Hinh 28 thi mé men ciing thay doi
twong Ung theo ting doan duong.

6. Két ludn

V6i uu diém than thién méi truong,
xe 6 to dién dang 12 xu hudng tat yéu cua
nganh cong nghiép 6 t6 thé gidi ndi chung
va Viét Nam noi riéng. Vi vay, viéc nghién
ctru, 14p mo hinh va mo phong hé thong
truyén dong xe 6 to dién khi di chuyén trén
qua cac dia hinh khac nhau 13 can thiét va
¢6 tinh thuc tién cao.

Mo hinh héa va md phong hé thdng
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truyén dong trong Matlab/Simulink da
ching minh 1 phuong phép hi€u qua trong
viéc khao sat dac tinh cua hé théng truyén
dong trén 6 t6 dién. Két qua mo phong cho
thiy qua trinh chuyén ddi ning luong va
mo-men xodn cta xe dap tng yéu cdu van
hanh trén dudng, hé thong truyén dong van
hanh chinh xac, 6n dinh va hiéu qua, co
tinh nang dong luc hoc t6t. Nghién ciru da
lap dugc moé hinh dong hoc dong co khong
ddng bo ba pha voi phuong phap diéu khién
FOC duogc ap dung phu hop trén dong co
khong dong bo. Nghién ciru nay sé lam co
s& dé phat trién thém hé thdng quan 1y tiéu
thu nang luong, kiém soat nhiét do dé mo
hinh hé thdng truyén dong thuc té trén 6 t6
dién hoat dong hi¢u suét cao.
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