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Tém tit - Sy ra doi va phat trién ctia cac phuong tién giao thong
gitip cho nhu cau di lai ciia con ngudi duge tién loi va nhanh
chong. Tuy nhién, mét d6 6 t0 sr dung ngay cang gia tang da tac
dong dén cudc sdng ciia ‘con ngudi va mdi trudng nhu: O nhiém
moi truong, can kiét nguon nhién liéu hoa thach. M{t trong nhirng
bién phép hiru hiéu cho viéc gidm 6 nhiém méi trudng va can kiét
nguén nhién li€u hoa thach 1a sir dung 6 t6 dién. Bai bao nay mo
ta viéc thuc hién mé hinh hoa va mé phéng hé théng truyén dong
dién trong 6 t6 dién. Cac mo hinh bd bién tan, dong co khong
ddng bd, mé hinh déng hoc cia 6 t6 dién 5 chd ngdi, dic tinh tai
duge xay dyng trén cong cu Matlab/Simulink. Cac théng sé dap
ung cua dong co khong df")ng b6 nhu tde d6, mod men, cuong do
dong dién trén stator va rotor twong tmg voi dia hinh di chuyén
duoc phan tich va danh gia.

Tur khoa - O t6 dién; hé théng truyén dong; phuong phap diéu
ché d6 rong xung (SPWM); md phong; Matlab/Simulink

1. Pit van dé

O nhidm méi truong ludn 1a thach thirc d6i véi cac quc
gia trong qué trinh phat trién. Cac qudc gia da c6 nhiéu
chinh sach dé cai thién méi trudng. Trong d6, giam lwong
khi thai la mot trong nhitng muc tiéu chinh. Cac nghién ctru
cho thdy, dé tranh dugc cac tham hoa do bién d6i khi hau
trong twong lai, can phai giam luong khi thai gay hiéu img
nha kinh xubng dudi 60% so véi hién nay vao nam 2050.
Tuy nhién, hién nay ngudn nhién liéu hoa thach dang dap
{mg 85% nhu ciu ning lugng cia thé gisi [1]. Mot trong
cic ngudn phat thai 16n 1a cac phuong tién giao thong,
chiém 39,2% tbng lwong phat thai [2], ddc biét 1a ngudn
phat thai tir 6 tb c& nhan. Do do, xe 6 t6 dién dugc xem la
giai phap cho van dé nay.

He¢ théng truyén dong dién 1a bo phan cung cép ning
lwong cho 6 t6 dién. Hé thdng nay c6 uu d1em so v&i dong
co dot trong la nhe, nho gon, tao rung dong rat it va tao ra
mo6 men xoan tic thi. Nhitng yéu t6 nay gitp cho sy véan
hanh cua xe dat cht lvong cao, muot ma va rat nhay.

Trong nhiing nim qua, nhiéu nha khoa hoc trén thé gioi
da thyc hién cac cong trinh nghién ciru vé hé thong truyén
dong dién trén 6 t6 dién. B.K. Powell va cac cong su da xay
dung mo hinh diéu khién hé thong truyén dong trén 6 6 lai
[3]. Phan tich rung dong trén hé théng truyén dong di dugc
nhom nghién ctru cua tac gia M. Geng thuc hién [4]. Viéc
quan 1y nang lugng trén hé truyén dong véi dong co lai da
duoc nhém tac gia S.D. Farrall khéo sat trong [5].

CAu truc hé thdng truyén dong phit hop duoc xay dung
bang céach sir dung dong co khong déng bd ba pha, két ndi

Abstract - The invention and development of means of
transportation has helped people travel in cities more
conveniently and quickly. However, the large number of
automobiles in use around the world has caused serious problems
to human life and the environment such as air pollution and the
rapid depletion of fossil fuel. One of the most effective measures
to reduce environmental pollution and fossil fuel resources
depletion is to use electric automobiles. This study describes the
modeling and simulation of the powertrain of 5-passenger electric
automobiles. The models of an inverter, an asynchronous motor,
the dynamics of the vehicle, and load conditions were built using
Matlab/Simulink platform. The response parameters of the
electric motor such as speed, torque, and current corresponding to
the traveling terrains were analyzed and evaluated.
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truc tiép v6i banh xe hodc qua bd truyén dong [6], [7].
Pong co khong dong bd co cong sudt 1on, chi phi bao tri
thap va ciing dugc str dung cho xe dién [8]. Phuong phap
diéu ché do rong xung 1a mot giai phap dwoc ap dung cho
b6 diéu khién bién tan cua dong co.

Véi myc dich khao sat dap ng cua hé thong truyén
dong trén 0 to dién theo diéu kién dia hinh duong di cla
xe. Nhom téc gia sir dung cong cu mo phong dé phan tich
va danh gia cac thong sé dap ung trén hé thong. Cac nha
nghién ctru da xac nhan moé phdng dong vai trd quan trong
cho su tién bd nhanh chong cua cong nghé xe dién. Mo
phong 1a phuong phap gitip giam chi phi va thoi gian dé
x4y dung mé hinh xe dién. Bang cach danh gia cac phuong
an thiét ké va quan 1y nang luong trén xe trude khi thuc
hién mé hinh thuc té [9].

Bai béo trinh bay viéc xay dung mé hinh va m6 phong
cac thanh phan ciu thanh hé thng truyén dong trén 6 to
dién gdm bo bién tin st dung phuwong phap didu ché do
rong xung, dong co khong dong bd 3 pha. Pong thdi md
hinh dac tinh dwong di cling dugc xay dung va dua vao mé
phong dé khao sat dic tinh 6 t6. Cac phan tich ciing dugc
néu ra cho timg két qua mé phong dat duoc.

2. Xay dyng md hinh hé théng truyén dong dién trén
6 to dién 5 chd ngdi
2.1. Céu triic hé thong truyén déng dién

Heé truyén dong dién dwoc dé cap trong nghién ctru nay
1a hé théng trén xe 6 t6 dién 5 chd ngdi. Cac thanh phin
chinh duogc khao sat trén hé théng gém ¢6 ngudn DC cung
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cép dién nang cho h¢ théng véan hanh, b diéu khién dong
co, dong co khong dong bd 3 pha. Mot mé hinh tai thyc e
cling dugc dat vao dong co dé khao sat.

Céu tric tong thé cta quy trinh chuyén d6i nang luong
trong xe dién cho nghién ctru dugc trinh bay trong Hinh 1.
2.2. M6 hinh héa va mé phéng bj diéu khién dpng co
2.2.1. Béng co khong dong bo 3 pha trén 6 16 dién 5 ché ngoi

DPong co khong ddng bo 3 pha 1a sur lya chon phu hop
cho tmg dung trén 6 to dién. Vi tinh 6n dinh, cong suat 16n,
it bao tri va kha ning lam viéc trong moi truong khic nghiét
[10]. Do @6, loai dong co nay dugc su dung rong rai trong
cong nghiép va cac ung dung phuc vy doi song. Tuy nhié‘n,
khi ing dung trén cac phuong tién giao thong lai gap nhi€u
khé khan. Do khong c6 ngudn xoay chiéu du cong suat
cung cap cho dong co hoat dong lién tuc.

Nguén

A B0 nghich 1 Pong co
mot chiéu © nghich fuu &
i n | =
T [ N
M6 men

tai

Hinh 1. So'd6 nguyén ly hé thong truyen dong dién trén
6 16 dién 5 ché ngoi

Giai phéap dugc cac nha nghién ctru dua ra la su dung
ngudn dién mot chidu. Didu khién by nghich luu dé bién
d6i ngudn mot chiéu thanh ngudn xoay chiéu ba pha cung
cap cho ddng co hoat dong.

Diéu tdc ciing 13 yéu cau k¥ thuat quan trong khi img
dung dong co 3 pha trén xe 6 t6 dién. Hién nay, trong cac
hé truyén dong str dung dong co xoay chiéu, dé thay doi
téc do, ngudi ta sir dung mot sé phuong phap nhu thay ddi
dién tro phu rotor, thay déi dién &p stator, thay d6i s6 doi
cuc p, thay do6i tAn s6 dién ép stator.

Toc do cua dong co khong dong bo ti 1& tryc tiép voi
tan s6 nguon cung Cap

_2nf
p

Véi: w: Téc dd quay cua dong co; f :

1)

tan sb (Hz);
p: 50 cap cuc.

Nhom nghién ciru nhan thay, phuong phap phu hop
1a bién dbi tan s6 Variable Frequency Drive (VFD). VFD
khong chi c6 kha ning thay ddi tbc d6 dong co ma con
gitip giam ning lugng tiéu thu cua hé thong khi dong co
van hanh.

Cung véi sy tién bo cua cong nghé diéu khién xoay
chiéu, VFD c¢6 kha nang thay doi toc d0 muogt ma hon,
diéu khién dong co tt hon, va tén thit nang luong it
hon [11]. Trong cac phuong phap VFD, phuong phap
nhom nghién ctru st dung trong bai bdo nay la phuong
phéap diéu ché d6 rong xung Sinusoidal Pulse Width
Modulation (SPWM).

2.2.2. Phuong phdp diéu ché g rong xung SPWM

Diéu ché do rong xung sin 1a qué trinh thay d6i d6 rong

clia cac xung trong mot chudi xung. Do rong nay ti 1¢ thuan

v6i song diéu khién dang sin. Gia tri ctia séng diéu khién
cang 16n thi xung thu dqqc cang rong. S6ng mang cé thé &
dang tam giac. Song dicu khién c6 thong tin vé do 1on tri
hi¢u dung va tan s0 song hai co ban cua di¢n ap ¢ ngd ra.
V6i song hinh sin cung tan so mong muon lam dién 4p dicu
khgén cho mach SPWM. C¢ thé tao ra dang séng c6 cong
sudt cao c6 dién ap trung binh thay doi theo hinh sin, phu
hop cho dic¢u khién dong co xoay chiéu.

Hinh 2 va Hinh 3 cho ta thiy, c4u tric va nguyén 1y hoat
dong cua bo dieu rong xung. Nguyén ly cua bo di€u rong
xung duogc gidi thich nhu sau. BJ so sanh 1a thiét bi d6i chieu
dién ap vao v, (t) vai tin hidu diéu khién va kich IGBT sang
trang thai On hodc Off. B9 so sanh A ddi chiéu v, (t) vai
dién ap diéu khién v, (t) va diéu khién IGBT T, va T, theo
két qua ddi chiéu. Bo so sanh B di chiéu v, (t) véi dién ap
diéu khién V, (t) nhdm diéu khién IGBT T, va T,.

Néu gi tri Vv, (t) 16n hon v, (t) tai thoi diém t, bd so
sanh A kich hoat IGBT T, sang trang thai On va T, ¢ trang
thai Off. Nguoc lai, T, ¢ trang thai Off va T, & trang thai
On. Tuong ty, néu gid trj Vi, (t) 16n hon V,(t) tai thoi
diém t, bo so sanh B kich hoat IGBT T, sang trang thai
Onva T, ¢ trang thai Off. Nguoc lai, T, ¢ trang thai Off
va T, ¢ trang thai On.

V%@Tl

T Tai

szo@Tz VBA@T4

Hinh 2. So dé mach bé diéu rong xung mot pha s dung IGBT

Ve o@ T3

vinB B0 so sa\t/nh/\? _V; )
B|"B
V,, >V, | On|Off

[ — |———o0

VX (t) Vin < VX Off| On VBZ (t)

BososanhB |—o '

i Vg, (1)
Vin >Vy Off|On

Vy(t) in < y|On Off VBA(t)

Hinh 3. Bé so sanh dUng diéu khién On — Off cho IGBT

Trong trudng hop bo nghich luu ba pha ¢ Hinh 4, ba
song dicu khién ctia ba pha phai dugc tao 1éch nhau vé pha
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mot phan ba chu ky cua né.

Hinh 4. B nghich luu ba pha sir dung IGBT

3. X4y dung mo hinh dong hoc ciia xe
3.1. Ddc tinh dpng hoc ciia xe

Hinh 5. Cdc luc tic dong 1én xe khi di chuyén

Phuong trinh mé ta chuyén dong cia xe dién dugc biéu
dién nhu sau [6]:

Ft = I:rr + Facl + ic + Fac (2)
Trong do:
hd Frr

v6i bé mit dudng trong qua trinh lin banh. Lyc can lin
dugc xac dinh boi phuong trinh:

F, =C,,.M,.g.cos(a) (3)

1a Iyc can lan tao ra do ma sat cua 10p xe khi ti€p xtic

C,, : Hé s6 ma sat lan cta 10p xe;
g : gia toc trong truong (M/s°);
a : Goc nghiéng tao boi mit duong va mit phang ngang;
M, : khdi lugng ciia xe.
e F,, la lyc can khong khi. Gia trj luc phy thudc vao céu
tric phia trudce cia xe va dugc xac dinh bdi phuong trinh:

1
Fad = E pacad A1 (Vv + Vwind )2 (4)
P, 1a mat do khong khi;

C,s 1 hé s6 can khi dong hoc;

A, dic trung cho cau tric phia trudc cuia xe;

vV, 1a van toc cua xe; V4 1 van toc gio.

e F,. laluc can do trong lyc tao ra khi xe 1én déc:
F.. =M,.g.sin(a)
e F,. 1alyc quan tinh. C6 phuong trinh:
F.=M,a
a: gia toc clia xe.

Theo dinh luat Newton vé chuyén dong. Ta xac dinh duoc
phuong trinh md ta gia toc cia xe khi di chuyén nhu sau:
Fl _(Frr + Fad + ic)

M

\

a=

®)

Nhoém téc gia sir dung phuong trinh (5) dé xay dung mo
hinh mé phong hé théng duong di trén Simulink.

Dé thyc hién tinh toan va mo phong tong luc kéo, nhém
nghién ctru st dung cac thong s6 dong hoc cia 6 to dién
trong Bang 1 tir [12]. Tir d6 xac dinh thong s ctia dong co
dién lap trén xe.

Bing 1. Cic théng s6 dong hoc ciia xe

Théng sb Gia trj
Khdi lugng xe (kg) 1500
Hé sb luc can khong khi 0.25
Hé sd lyc can lan 0.01
Ban kinh banh xe (m) 0.25
Gia téc trong trudng (M/s’) 9.81

3.2. Dia hinh quéing dwong di chuyén

Quing dudng di chuyén cua xe duge mé ta nhu Hinh 6:
S=50m

v=14km/h

S=50m
v=14km/h

S=100m
v=62km/h

S=100 m
v=62km/h

S$=100m
v=62km/h
Hinh 6. Dia hinh quang dwong khao sat

Vé6imuyc dich khao sat dap tmg cua hé thong truyén dong
v6i dia hinh duong di trong thyc t&. Nhom nghién ctru da mé6
hinh hoéa dia hinh quang dudng di chuyén cta xe nhu sau:

e Doan 1: Xe chuyén dong déu

Gia su, trén duong bang phing, xe chuyén dong &
tay s6 5 & Vmax = 62 km/h, quing duong di chuyen la
S =100 m. Ta tim duoc thoi gian xe di chuyén hét quing
duong la: t1 = 5,8 ().

e Doan 2: Xe chuyén dong chdm dan déu (leo ddc)

~ Gid sirxe leo doc & goc ddc 16n nhat cho phép, xe & tay
s0 1, van toc 16n nhat ¢ tay s6 1 1a vmax = 14 km/h, quang
duong di chuyén 1a S= 50 m. Ta tim dugc thoi gian di
chuyén hét quang duong 1a: t, = 25,7 (S).

e Doan 3: Xe chuyén dong déu: t; = 5,8 (s).

e Doan 4: Xe chuyén dong cham dan déu (leo doc):

t=257().

e Doan 5: Xe chuyén dong déu: ts = 5,8 (8).
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4. M6 phéng h¢ thong truyén dong di¢n trén 6 to di¢n
5 cho ngoi
4.1. Mé phéng b diéu khién dong co

Md hinh Matlab Simulink tin hiéu diéu khiér] bo nghich
luu duge xdy dung nhu Hinh 7. Trong d6 nguon dua vao
bién tn dugc bi¢u dién dudi dang nguén mét chicu ly
tuong, thong qua viéc diéu khién thir tu kich xung dua vao
cac van IGBT.

/\/ | » =0 . »! [s1)

( P NOT

/\/ < =0 . »{ [s3)

—p{ NOT —>< [s6]
/\J T
>=0

- »> Tb{ [s5]
P NOT —b< [s2]

Hinh 7. So do Simulink tin hiéu diéu khién bé nghich heu

B0 nghich luu diéu khién sau IGBT dua trén phuong
phép diéu ché d¢ rong xung SPWM. Nguyén tac dieu ché
dua trén viéc so sanh song diéu khién va song mang.

\ v/
\/ \/

4.2. M6 phéng dic tinh Quang duong di chuyén ciia xe
M09 hinh Simulink duoc thyc hién nhu Hinh 8.

Hinh 8. So d6 Simulink ddc tinh dwong di ciia xe
Pic tinh quang duong di chuyén cua xe duoc xac dinh
theo phuong trinh (2). Véi viéc xac dinh gid tri cac luc thanh
phan ¢ dau vao, va mo men tai dat 1én dong co & dau ra.

4.3. M6 phong hé théng truyén dong dién trén 6 t0

So d6 Simulink mo phong hé :cruyén dong duge xdy
dung nhu Hinh 9. Trong d6, bao gdbm céc khoi bo nghich
Iuu, tin hiéu Qiéu khién bo nghich luu, dac tinh quang
duong di chuyén, dong co khong dong b ba pha.

Hinh 9. So d6 Simulink mé phong h.é‘truyé‘n dong cua
xe 0 t6 dién 5 cho ngoi

5. Két qua mé phéng va ban luin
Sau khi chay mé phong, ta c6 két qua nhu sau:

Hinh 10. Déc tinh téc d¢ dong co
Theo trén Hinh 11 va 13 ta thiy, khi xe méi khoi dong
trong khoang 0,025 gidy, tbc 4o dong co giam manh dong thoi
md men dong co cling ting manh nhdm théng dugc mo men
quén tinh ctia xe ban dau. O giai doan chuyén tiép tir duong
bang qua dudng déc, tbe d6 va mé men dong co c6 chut dao
ddng nhung sau d6 di én dinh dé dap tmg nhu cau tir xe.

1650 -

1600 -

1550 [

1500 |-
1450 f\ / 1

100 -
1350 ‘1 /
1300 - \

1250 - \ ’\j
1200 - U‘

L L L L L L L
[ 0.05 0.1 045 02 025 0.3 035 0.4

Hinh 11. Pdc tinh téc dé dong co khi phong dai
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[ [

Hinh 12. Pgc tinh md men cia dong co

T T T T T T

300 | ! 4

200 |

100 |- —

-400 [ i i I i I i I 1
0 005 0.1 015 0.2 025 03 035 04

Hinh 13. Bdc tinh md men cia dong co khi phéng dai
Theo Hinh 14 ta théy, g6c dbc cuc dai ma xe leo duge
la 18'54. Pé da dang hoa md hinh, nhom da thiét 1ap cho
xe chay qua 2 tuyén duong doc (18'54) dai toan bo 100 m
va 3 tuyén duong bang dai toan b6 300 m. Pdng thoi theo
Hinh 15 thi m6 men ciing thay ddi twong ng theo ting
doan duong.

| | I L
0 ) : % o 5 w n

Hinh 14. P th; di chuyén cua xe theo goc ddc

] [ a n « F] ) ™

Hinh 15. D6 thi m6 men ciia xe theo gdc dac

Khi méi khai dong, gia tri m6 men ctia dong co luon &
vi tri cao dé thing dugc md men can quén tinh, do md men
ti 1& thuan véi cuong do dong dién nén trén Hinh 16, 17, 18
va 19 cuong d6 dong dién cling mang gia tri cao twong tng.
Diéu nay pht hop vé nguyén 1y va chimg t6 duoc su dap

(g tot cia dong co dién.

T T T
300

<Stator current is_a (A)>
<Stator current is_b (A)>
<Stator current is_c (A)>

200

Hinh 16. Cuong dé dong dién di vao stator khi khai dong

300 f~ 1
<Stator current is_a (A)>
200
100 - n
0 PAVAY AV AVAV AVAVAVAVAVAVAVE
=100 |- |
-200
300 I I | I I I I
0 005 0.1 015 02 025 03 035 04

Hinh 17. Cuong dé dong dién trén stator khi khai dgng cua pha A

T
300

<Stator currentis_b (A)>
200 [~

100 ff

.300 1 i I
0 005 0.1 015

L i i I .
02 025 03 035 04

Hinh 18. Cuong dé dong dién trén stator khi khai dong cua pha B

300

<Stator current is_c (A)>

100

300 L I I L
0 005 01 015

i L L L

02 0.25 03 035 04

Hinh 19. Cuong do dong dién trén stator khi khai dong cua pha C
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<Stator current is_a (A)>, <Stator current is_b (A)>, <Stator current is_c (A}
T T T T T 2 H

<Stator current is_c (A)> | |

300 |-

200 -

100 |-

400 L L L L L L 1
0 5 10 15 20 25 30 35 40

Hinh 20. Cuong do dong dién trén stator trong 40 gidy dau
(xe di chuyén tir dogn 1 dén doan 3 cua quang dwong)

<Rotor currentir_a (A)>

<Rotor current ir_a (A)>

0 ANNN
V" AAY

-100 ‘

0 5 10 15 20 25 30 35 40

<Rotor currentir_b (A)>

<Rotor current ir_b (A)>

CAAAY

-100

-200

-300

0 5 10 15 20 25 30 35 40
<Rotor current ir_c (A)>

300
‘ <Rotor current ir_c (A)> ‘
200 ‘ ‘ |

100

0l

-100 | | i
0 5 10 15 20 25 30 35 40

Hinh 21. Cuong do dong dién trén rotor trong 40 gidy dau
(xe di chuyen tir doan 1 dén doan 3 cuia quang dwrong)

Hinh 20 va 21 cho thay, dong dién tiéu thy cia dong co
thay d6i theo dia hinh quing duong di chuyén twong ung
cua xe. Tai thoi diém 5,8 gidy, xe bit dau 1én déc. Do do,
cuong do dong dién trén dong co ting dé dap tng su thay
dbi cua tai. Két qua mo phong thu duoc 1a pha hop vai ly
thuyét.

6. Két luan va hwéng phat trién

Trong bai bao nay, 6 to dién 5 chd ngdi 1a ddi tugng
nghién curu phu hop véi xu hudng giao thong tai cac do thi
trong tuong lai. M6 hinh héa va mo6 phdng trong Matlab/
Simulink da chung minh la phuong phap hi€u qua trong

viéc khao sat vé nang lugng, dic tinh ctia hé thong truyén
dong trén 6 t6 dién. Két qua md phong cho thay, hé thong
truyén dong van hanh chinh xéc, 6n dinh va hiéu qua, co
tinh nang dong luc hoc tét. Bai bao di néu bat cac thanh
phan chinh ciia hé thdng, voi phuong phap diéu khién
SPWM dugc 4p dung pht hop trén dong co khong dong
bo. Nghién ciru ndy sé& lam co so dé phat trién mé hinh hé
thng truyén dong thuc té trén 6 to dién véi hiéu suat cao.
Tir d6, thiic day phat trién phuong tién giao théng ca nhan
than thién véi méi trudng va con nguoi.

Loi cam on: Nghién cru nay duoc tai trg béi Truong Dai
hoc Bach khoa — Pai hoc Pa Nang trong d¢ tai c6 ma sb
T2020-02-04 va Quy Phat trién Khoa hoc va Cong nghé -
Dai hoc Pa Ning trong dé tai c6 md sb B2019-DN02-60.
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