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TOM TAT

Dé ndng cao hiéu sudt hé thong truyén luc tir d6 kéo dai quang dwong di chuyén ciia 6 t6
dién trong mot lan sac, cdc nha thiét ké thuong lwa chon hé théng truyén luc co 1 hoac 2 ty 56
truyén. Tuy nhién, 6 t6 hoat dong trong dai van téc rong, tai trong lam viéc thay doi nén viéc lya
chon 1y $6 truyén sao cho givip 6 t6 tang toc nhanh, dat vin toc 1om nhdt cé thé dong thoi dong co
dién van hanh véi hiéu sudt cao la vin dé can dwge quan tdm. Bai bdo trinh bay phwong phdp vmg
dung phian mém Matlab - Simulink trong tinh chon hop Iy ty s6 truyén é t6 dién. Phwong phdp tiép

cdn méi cho phép liwa chon ty s6 truyén theo nhiéu tiéu chi.
Tir khoéa: O 16 dién; Hé thong truyén luc; Ty so truyén; M6 phéng Matlab/ Simulink.
ABSTRACT

To enhance the efficiency of the powertrain system and thereby extend the driving range of
electric vehicles on a single charge, designers often choose powertrain systems with one or two gear
ratios. However, since electric vehicles operate across a wide speed range and under varying load
conditions, selecting an appropriate gear ratio to enable quick acceleration, achieve the highest
possible speed, and ensure the electric motor operates at high efficiency is a key consideration. This
paper presents a method for applying Matlab - Simulink software to reasonably determine the gear
ratios for electric vehicles. The new approach allows for selecting gear ratios based on multiple

criteria.

Keywords: Electric vehicle; Drivetrain system; Gear ratio;, Matlab/Simulink simulation.
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1. PAT VAN PE

Xu huc’mg giao thong dang chuyén dich
manh mé sang 6 t6 dién, loai phuong tién it
phat thai khéi bui hon xe truyén thong. Pham
vi hoat dong cua 6 t6 di¢n phu thudc chu yeu
vao pin va hé thdng truyén luc. Trong cac thiét
ké 6 t6 du lich, hé théng tmyén luc thuong co
tir 1 dén 2 ty s6 truyén nham khai thac hiéu qua
kha nang lam viéc cua dong co dién, déng thoi
lam tang hiéu suat truyén dong.

Trén thé gidi, cac nghién ciu vé hé
théng truyén lyc trén 6 to dién tap trung vao
t6i wu hiéu suét truyén niang luong, cai thién
kha ndng van hanh va kéo dai quang duong di
chuyén cho mot lan sac. Nghién ctu [1], [2]
xay dung mé hinh diéu khién dong co dién
hu0’ng dén nang cao hleu sudt van hanh dong
CO, t6i ru mo-men xodn. Cac thuat todn quan
ly va diéu khién pin xe dién [3] cling dang
duogc phat trién. Cac nghién ctru vé 6 to dién
tai Viét Nam ciing dang tip trung vao van dé
diéu khién dong co dién [4], [5] va quan 1y pin
[6], [7], [8]. Phan 16n cac nghién ctru nay duoc
thue hién bang phwong phap mé phong voi cac
thong sb vé hé thdng truyén luc cho trude. D6i
v6i cac mo hinh nghién ctru vé hé thong truyén
luc, viéc thay doi ty sb truyén luc c6 thé dan
dén thay d6i cac két qua nghién ciru, do d6 viée
nghién ctru lya chon ty sé truyén mot cach hop
1y can phai duoc xem xét trude.

2. NOI DUNG NGHIEN CUU

2.1. M6 hinh hé thong truyén e 6 6 di¢n
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Hinh 1. M6 hinh hé thong truyén lyc:
(1) DBong co dién PMSM; (2) Hop so, (3) Cac
dang; (4) Vi sai; (5) Banh xe.
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Hinh 1 mé ta so do hé thong truyén
lyc 6 t6 dién trang bi dong co dién déng bo 3
pha co6 ro-to la nam cham vinh cuu (PMSM).
Pong co dién (1) duoc didu khién bang bién
tan (Inverter) theo phuong phap véc-to (Field
Oriented Control — FOC). Hop s6 (2) 6 mot
ty 56 truyen i s& bién doi mo- men cua dong co
trude khi truyen dén vi sai (4) rdi dén banh xe

(5).

Do thi (Hinh 2) biéu dién cac dudng
dic tinh cua dong co dién dong bo 3 pha su
dung nam cham vinh ctru (PMSM). Cac dudong
dac tinh ctia dong co PMSM co thé duge phan
thanh hai vung lam viéc.

1- E¥ic tinh cong sual
2- Bidc tinh hiéu suat
3= Bdc tnh md men

Cong sual. higu suial. mo men

trém truc dong oo

ar

Viin e quay e dong cor
Hinh 2. Dé thi ddc tinh lam viéc ciia dong co
PMSM

Ving tdc do thap (oa <w,), di¢n ap va
dong dién cung cép du dé mo-men dat gia tri
dinh muc (M = const), cong suét tang theo tdc
d0, hiéu suat 1am viéc ciia dong co & muc cao.

Khi téc do dong co vuot gia tri dinh
muc (0)6' > o ), dong co lam vigc & ché do tur
thong yéu. Do kha nang lam viéc cua bién tan,
diéu kién van hanh va ngudn cung cip bi giéi
han, dién ap va dong dién cép cho dong co bi
han ché nén cong suat coi nhu khong doi, mo-
men xodn ty 1€ nghich véi tdc do, hidu suit
dong co giam nhanh.
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2.2. M6 hinh dong luc hoc than xe

Hinh 3 mo6 t4 mo hinh dong luc hoc
than xe. O to c6 khdi lugng toan tai M dang
di chuyén véi van toc v _1én dbc. Trong tam xe
cach cac truc trudc, sau lan luot 1a a, b va cach
mit dc khoang h. Strc can khong khi P tac
dung 1én xe dugc xac dinh theo CT (2). Phan
I tir mat duong tac dung 1én cac banh lan luot
la N, N, theo CT (3), (4), (5), luc can ldn P,
P, dugc xéac dinh theo CT(6), (7).

Hinh 3. M6 hinh than xe

My =P, +P,-P,—-M.gsinf (1)

@

1

P = E.Cd P AV (2)
N, +N, = M.g.cosf3 3)
—h(P,+M.g.sinf+My_)+bM.g.cos
a+b
N, - +h(P,+M.g.sin B+ My )+aM.g.cosf (5)
a+b
Py +P,=P =G.f (©)
V2
S =1 1500)

2.3. Diéu kién chuyén dong ciia 0 to

Hé thong truyén luc tao luc kéo P, dugc
xac dinh theo CT (8). Luc kéo tai cac banh xe
chu dong phu thudc vao mo-men xodn M, cua

dong co, hiéu suat ciia hé thong truyén lyc 1 oty
s0 truyen cua h¢ thong truyen luc 1, va ban kinh
lam vi€c trung binh cta banh xe r,.

:Me.ﬂt.lt
rb

L ®)

Luc kéo 16n cho phép xe vuot dbc cao,
tang toc nhanh. Trong moi tinh hudng, luc kéo
cua cac banh xe chu dong luon phai 1én hon suc
can mat duong. Tuy nhién, qua 16n ¢6 thé khién
banh xe bj truot quay khi di chuyén. Theo [9],
luc kéo bi giéi han boi didu kién chuyén dong
nhu CT (9).

G(f.cosa+sina).r, <i< G, )

Me'nt Me'nt

Vi cac yéu cau thiét ké vé tai trong,
kich thuéc banh, hiéu suat so bd cua hé théng
truyén lyc va mo-men ma dong co di¢n tao ra,
CT (9) s& khoanh ving dugc gia tri ty s6 truyén
ctia hé thdng truyén lyc.

2.4. Céc tiéu chi danh gia ty s6 truyén ciia h¢
thong truyén lwe trén 6 to di€én

2.4.1. Viin hanh tiét kiém

Hiéu suét dong co dién va hiéu suét cta
hé théng truyén lyc anh huéng dén kha ning
tiét kiém ning luong khi xe van hanh. Quéng
duong di chuyén cua xe ting 1én khi ting hiéu
sudt hé thong truyén lyc va hiéu sudt cua dong
co dién.

Hiéu suét ctia hé théng truyén luc phu
thudc vao két cAu co khi va ché do van hanh.
Ty s6 truyén cao can st dung nhiéu cip banh
rang hon dan dén hiéu suét giam. Banh ring
quay nhanh, strc can chuyén dong cua dau boi
tron ting, tai trong va dap tang ciing gop phan
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lam giam hiéu suét cia hé thong truyén luc. 2.5.1. Thong sé ddu vao mé phéng
Viéc xac dinh hiéu suét ctia hé thong truyén luc
6 thé duogc xac dinh thong qua thuc nghiém. 1 | Pongco 3 | Khdi luong
Trong nghién clru ndy, gia thiét higu suat cua Cong suat Khéi lugng
cac bo truyénn, = 0.95. dongco | 100 toan tai
, (kW) (kg)
Hiéu suat lam viéc 9ﬁa dong co PMSM Mb men Phin bé i
phu thudc vao tai trong, toc do lam viéc. Tai lén nhat | 203 trong
trong tang lam tang dong dién trong day dan, (N.m) i
tén that nhiét tang, hiéu sut giam. Hiéu suit Tdc do
lam viéc cua dong co thudng dat cao nhit khi dinh m@rc | 4700 | 4 Lép
dong co lam viéc ¢ ché do dinh mirc. CT (10) (vg/ph)
gitp xac dinh hiéu suat cua dong co PMSM bién ap Hé s6 cén
theo toc do lam viéc. dinhmac | 360 |5 lanovan | 0.015
V) toc thap f,
2 Ban kinh
1, =0,9991— 0,15.(2J (10) , | Kich ¢ lamviec oo 0
@, thude xe trung binh |
r, (m)
Dé ting hiéu qua s dung dién ning, Dién tich H¢ s6 bam
dong co dién can dat hiéu suat cao khi 6 t6 hoat can chinh | 2.5694 doc
dong trong van tdc van thudng xuyén tir 40 — dién (m) .= 0-5%
60 km/h. Trong nghién clru nay, nhém tac gia Chidu dai Hiéu Eu"?‘t
thuc hién dénh gia cdc phuong 4n lya chon ty co s¢ (m) 2.6 h¢ tPong 0,95
s6 cua hé thong truyén luc bang cach so sanh truyen 1}10
hiéu suat lam viéc cta dong co PMSM ¢ tbc do Goc doc 10
50 km/h. leo duoce (%)

2.4.2. Ting téc nhanh 2.5.2. Quy trinh tinh todn

Kha nang tang toc cua xe co thé dugc

danh gia thong thoi gian ting tdc (t,0) tr 0 dén

100 km/h duoc tinh theo CT (11). Thoi gian e o (CT9)
tang toc xe phu thudc vao gia toc doc V, . M,.F,
100 . .
dvx : :i Yes No p=P
loo = J. - (11) B=3 0 A
0 vx | # |

1'||na\'. » "I 003 )?Pm!?.'l

2.5. Ung dung phin mém Matlab — Simulink

trong lua chon ty $0 truyén hé théng truyén —

Hinh 4. Luru do tinh chon ty sé truyén luc chinh &
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3. KET QUA VA THAO LUAN

Wiin foc lim mhat e dad dupe
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Hinh 5. Két qua tinh toan ty so truyén hé thong
truyén lyc xe 0 to dién

Két qua tinh van tdc 16n nhét, thoi gian
tang tdc dén 100 km/h, hiéu suit lam viéc cua
dong co ¢ toe dd 50 km/h khi thay ddi ty sé
truyén tir 7 dén 15 duoc md ta nhu trong Hinh
5.

Su thay ddi ctia van tdc 16n nhat theo ty
sO truyén duoc thé hién trong Hinh 5(a). Khi ty
sO truyén ciia hé thong truyén lyc ting thi van
tbc 16n nhat ma xe dat dwoc giam. Vi ty sb
truyén 1a 7, van tdc 16m nhét cua xe dat duoc
khoang 148 km/h, nhung véan toc 16n cia xe
khong dén 100 km/h véi ty sb truyén trén 14.
Diéu nay cho thay, cong suit cua dong co di
khong duoc khai thac t6t ¢ dai van toc cao khi
ty s truyén 16n.

Tir d6 thi Hinh 5(b) cho thay khi ty sb
truyén xe tang thi thoi gian ting toc dé xe dat
100 km/h bi kéo dai hon. Dai ty s truyén tir 8
dén 10, thoi gian tiang toc khong c6 bién dong
nhiéu nhung khi & muc 12 thi thoi gian ting 1én
dang ké. Ty sb truyén cta hé théng truyén luc
14 9,6 thi thoi gian tang toc cua xe 1én 100 km/h
1 nho nhit & muc 16,91 s. Ty sb truyén ting s&
lam tang lyc kéo nhung lai khong lam tang gia
toc cua xe, boi khi d6 banh xe bi trugt qua trén
mat duong, luc kéo bﬁng luc bam.

Hiéu suét lam viéc cta dong co & tde do
50 km/h giam khi tang ty s truyén lyc, nhu trén
Hinh 5(c). Piéu nay cho thay, ty s6 truyén cho
khong c6 loi vé mit hiéu sudt khi van hanh xe
& dai téc d6 thuong xuyén tir 40 dén 60 km/h.

Mic dii phuong phap sé trong nghién
clru trén da giup tinh toan va lya chon ty sd
truyén cho 6 t6 dién mot cach hop 1y, nhung
n6 van ton tai mot sé han ché can khic phuc.
Nghién ctru gia dinh hiéu suit cia hé thong
truyén lyc khong d6i, ham mo ta hiéu suat cua
dong co PMSM dang dugc ly tudng hoa.

Trong tuong lai, nghién ctu co thé
duoc phat trién theo hudéng danh gia kha ning
véan hanh cia 6 t6 dién trong cac diéu kién van
hanh khac nhau hoac tich hop hop so vo cap
(CVT) dé cai thién kha ning ting toc va tiét
kiém nhién liéu.
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4. KET LUAN

Ung dung phuong phap sb trong tinh
chon ty sb truyén cua hé thong truyén Iyc 6 t6
dién cho phép tinh toan nhanh va chinh xac.
N6 gitup nha nghién ctru quan sat su bién dong
ctia nhiéu yéu t6 khi ty sb truyén thay doi tir d6
chon ra phuong &n hop ly. Nguyén ctru trong
truong hop cu thé cho thay, véi ty sd truyén
thép 0 t6 dién dat dugc kha nang dong luc hoc
t6t hon, tiét kiém nhién liéu hon. Day 13 co sé
dé thuc hién cac nghién ctru su hon vé téi uu
hé théng truyén luc trén 6 to dién, tdi wu qua
trinh diéu kién dong co.

Loi cam on:

Nghién ctru ndy dugc tai tro boi dé tai
nghién ctru cap Trudng Pai hoc M6 — ia chét,
trong khu6n khé dé tai cip co s ma sb T24-07.
Nhom tac gia xin cam on Truong Pai hoc M6 —
Dia chit di hd tro thoi gian, phuong tién va co
sO vat chat cho nghién ctru nay. %
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