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TOM TAT:

Bai b4o nay trinh bay két qua nghién ctru hé théng truyén luc trén 6 t6 dién Tesla.
Trong nghién ctru ndy tac gia s& khao sat momen xoan dugc truyén tir dong co dién dén
banh xe chu dong bang phan mém Matlab Simulink, qua trinh mé phong duoc thuc hién
thong qua céc truong hop 50%, 60%, 70% va 100% cong suat cua dong co. Két qua md
phong cho thay momen xoan tai banh xe chu dong tang manh so vdi rnomen x0dn cua
dong co, diéu nay chting t6 rang hé thong truyén luc da dap ung tot voi nhu cau cua xe.
DPdng thoi cho thay kha ning tang toc cua xe.

Tir khoa: O to dién; Hé thong truyen luc; Tesla Model S; Matlab/Simulink
ABSTRACT:

This paper presents the results of research on the powertrain system on Tesla electric
cars. In this study, the torque transmitted from the electric motor to the active wheels was
investigated by Matlab Simulink software. The simulation process was performed through
the cases of 50%, 60%, 70% and 100 % of engine power. The simulation results show
that the torque at the active wheels increased sharply compared to the engine's torque,
which proves that the powertrain responded well to the vehicle's needs. It also shows the
acceleration of the car.
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1. Mé& dau

Hé thong truyén Iuc trén 6 t6 dién 1a su
két hop gitta hé théng phu co khi va dién.
Cac hé thdng dién st dung ning luong tir
pin dé cung cap ning luong cho mot hoic
nhiéu dong co dién. Pong co dién s€ chuyén
d6i ning luong dién do pin cung cap thanh
nang lugng co hoc truyén dén banh xe chu
dong thong qua hé thong truyén luc. Tir 6

cho thay hé thong truyén lyc trén 6 to dién
dong vai tro quan trong trong viéc thé st
manh cua xe.

Hau hét hé théng truyén luc trén
nhitng 6 t6 dién hién nay déu sir dung loai
hé théng truyén luc mot cip[1], vi nd co
céu tric don gian nhu Hinh (1), bao gom
mot dong co dién xoay chiéu 3 pha , mot
cap banh ring giam tdc va mot bo vi sai
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nbi vao cau chu dong. Nhung lai cho kha
nang van hanh manh m¢ va tang tde vuot
trdi hon nhiéu so voi 6 t6 sir dung dong co
dbt trong.

Tir d6, dé tién cho viée nghién ciru hé
théng truyén lyuc trén 6 t6 dién, thi trong
bai bao nay tac gia s& tién hanh xay dung
phuong trinh truyén moé men tir dong co
dén banh xe chu dong. Sau d6 ding phan
mém Matlab Simulink dé khao sat sy thay
d6i momen nay. Qué trinh khao sat duoc
thuc hién ¢ 4 truong hop 50%, 60%, 70%
va 100% cong suat cia dong co. Két qua
khao sat gitp chiing ta biét dugc sirc manh
cua hé théng truyén trén 0 t0 dién, dac biét
1a 6 t6 dién Tesla.

2. Céu tric hé thong truyén hre trén
0 to dién Tesla

Hé thdng truyén lyc mot cip da thong
tri thi truong 6 t6 dién hién tai va dugc bé tri
trén cac dong xe nhu BMW 13, Mitsubishi
i-MIEV, Nissan Leaf va tit ca cac mau xe
Tesla[2].

Hinh 1- So d6 hé théng truyén luc é té dién Tesla

3. Xay dung mo hinh dong luwc hoc
doc than xe

Lurc kéo tiép tuyén

Mo6-men xoan cua dong co duogc
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truyén dén banh xe chu dong cua 6 to qua
hé thong truyén lyc. Nho 6 sy tiép xtic ciia
banh xe chu dong vo1 mat duong cho nén
tai ving tiép xuc cua banh xe chii dong va
mat duong s€ phat sinh luc kéo tiép myén
hudng theo chiéu chuyén dong.
F, =2 ()
r

V6i F: Luc kéo tiép tuyén; T: M6-men
xoan cung cap tir dong co; i: Ti sb truyén
cua hé théng truyén luc; n: Hi¢u suét cua
hé théng truyén Iuc; r: Ban kinh banh xe

Trong thuc té xe chay thi hién tugng
trugt c6 thé xay ra, nhung trong truong hop
nay ta cé thé bo qua hién tuong truot.

Luwc cin lan

Khi banh xe chuyén dong trén mat
dudng s€ c6 luc can lan tac dung song song
méi mit dudng va nguoc véi chiéu chuyén
dong tai ving tiép xtic giita banh xe véi
mat duong. Luc can lan dugc xac dinh boi
phuong trinh sau:

F.,. =M, * g *cos «* f (2)

Véi F,,: Luc céan lan; M, Khéi luong
cta xe; g: Gia toc trong truong; f:Hé s6 ma
sat lan cua 16p xe; a: Goc nghiéng tao boi
mat duong va mat phang ngang (radians)

Luc can khong khi

Gia tri luc phu thudc vao cau trac phia
trudc cua xe va dugc xac dinh boi phuong
trinh sau:

Faa = %P * Caq * S(vy + vwind)2(3)

V6i F ; Luc can khong khi; p: Mat do
khong khi; v : Van toc cuaxe; v, . : Véan toc
cua gid; S: Di¢n tich phia trude cua xe; ¢ _;:
H¢ s6 can khi dong cua xe.

Luwc can quan tinh

La lyc sinh ra khi xe ¢ trang thai tang
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toc hodc giam toc va dugc xac dinh bdi
phuong trinh sau:

F,.=M,*a “4)
V6i F: Luc can ,quén tinh; M : Khéi
luong cua xe; a: Gia toc cua xe;
Luec cin dbc
L:c‘l lyc can do trong luc tao ra khi xe
lén doc, duoc xac dinh boi phuong trinh
sau:

Fne = My, x g * sin() (5)

V6i F, : Lyc can déc; a: Goc nghiéng
tao boi mat duong va mat phang ngang

Phuwong trinh cAn bing luc kéo ciia
xe trong truong hgop nay la:

Fi = By + Faq + Fpe + Fye (6)

Theo dinh luit Newton vé chuyén
dong. Ta xac dinh dugc phuong trinh mo ta
gia toc cua xe khi di chuyén nhu sau:

a= Ft_(F‘rr"'Fad"'ic)
My

(7

Vay phuong trinh (7) chinh 1a phuong
trinh dong luc hoc doc than xe.
4. M6 men trong hé thong truyén luc

T=T,

Electric motor

Wyrle .
Hinh 3- Mé men trong hé théng truyén luc| 3]

Mo men sinh ra tai banh xe chu dong
T, 14 m6 men xoan can thiét tai truc truyén
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dong va dugc tinh béng cach nhan luc kéo
F; v61 ban kinh r ciia banh xe. Do do ta co
moi lién hé giita chuyén dong thing va
chuyén dong quay nhu sau:

Ty =F xr (8)

Tu dinh luat chuyén dong thtr 2 cua
Newton cho hé chuyén dong quay ta xay
dung dugc phuong trinh truyén mé men
tir dong co dén truc dau ra tai banh xe chu
dong nhu sau:

=lg*ng*Te (9
V6i iy Ti sb truyén hop $6; Ng: Hiéu
suat cua h¢ thong truyén luc; 7 = T Mo
men xoan cua dong co dién.
Tur phuong trinh (7), (8) va (9) ta dugc
phuong trinh chuyén dong ciia xe.

Taxle

av _ Trxig g =7 (Frr+Fad+Fnc)

(10)

5. Xay dung mo hinh Simulink
5.1 Mb hinh Simulink khéi déng co

—

A Rorsped fmp
m
|H—® Bp—3 -
: : <Hlecromagnefc orue Te (\'mp
X_ T -
Nouon 3 pha g

Hinh 4- So dé Simulink déng co dién 3 pha

5.2 M6 hinh Simulink mé phéng hé
théng truyén luc

Dua trén cac moé hinh Simulink da xay
dung ta c6 thé ghép ndi dé tao thanh mo
hinh hé théng truyén lyc cua xe.
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<

T 8 rol (v hid)

> g

Gia the ke [mis*2)

>
vin 19c xe kmi
Bipng oo xcay chidu 3 pha
ﬁvndnn&n
Hinh 5- So dé Simulink mé phéng hé théng truyén luc cia xe
Bing 1: Céc thong s6 dau vio ciia 6. Két quaz md phéng va nhan xét

mo hinh[4]

_ Mo phong nay trinh bay khao sat dac
Thong so dau vao

Gid tinh cia mé men dong co va md men tai

I.(A}" Tén goi tri banh xe, md phong dugc trinh bay 1an luot
hi¢u j ) thong qua céc truomg hop: 50%, 60%, 70%
M, |Khéi luong xe (kg) 2108 va 100% cong suit cua dong co.

V. |Van t(?c Xe (m/s) 58.3 Truong hop 1: O 50% céng sudt ciia
Vi | Van toc gioé (m/s) 2.77 dong co

ig | Tiso truyén hé thong truyen lyc 9.73

7, |Hiéu sudt hé thong truyén luc |0.95 W ‘ ‘ ‘

p  |Mat do khong khi (kg/m?) 1.25 nr

S |Dién tich phia trudc xe (m>) |23 E”"’

Cus |H& sb can khi dong hoc ciiaxe |0.24 | 3|

g | Gia tbe trong trudng (m/s?) 9.81 EW

o |Goéc dbc (radian) 0.087| ="

f |Hé s masatlincualdpxe |0.24 ¥
J M6 men quan tinh cta truc 0.025 s oa s w2 ‘ ozs BB M 0 08

axle ﬂcg m? ) . Thi gian (s)

r | Ban kinh banh xe (m) 0.24 Hinh 6-Mé men déng co & 50% céng sudt
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Hinh 7- Mé men bdnh xe & 50% céng sudt
déng co

D6 thi Hinh 6 m6 ta dic tinh mé men
ciia dong co & 50% cong sudt, lac nay ta
thiy & 0.02 gidy thi gia tri m6 men cia
dong 1a cao nhat khoang 320 N.m, sau d6
giam dan va on dinh ¢ gidy 0.15. Trong khi
dé ¢ Hinh 7 thi gid tri mé men cua banh
xe cao nhat 1a khoang 2700 N.m va dan 6n
dinh ¢ giay 0.15.

Truong hop 2: O 60% cong sudt ciia
dong co

D) thi Hinh 8 md ta dic tinh mé men
ctia dong co & 60% cong sudt, luc nay ta
thidy ¢ 0.02 gidy thi gia tri mé men cua
dong da ting 1én cao nhat khoang 380 N.m,
sau d6 giam dan va 6n dinh ¢ gidy 0.15. O
Hinh 9 thi gia tri m6 men cta banh xe cao
nhit 14 khoang 3400 N.m va dan 6n dinh &
giay 0.15.

400 T

[

>

=3
T

™6 men (N.m)
=2
S

100

1 1 1 1 1 1 1 | 1
0 005 01 015 02 025 03 035 04 045 05
Thoi gian (s)

Hinh 8- Mé men déng co 6 60% céng sudt
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Hinh 9- M6 men bdnh xe & 60% céng sudt déng co
Trieong hop 3: O 70% céng sudt ciia
dong co
O Hinh 10 m6 men cta dong co cao

nhit 12 450 N.m lac 0.02 gidy va md men
tai banh xe cao nhat 3900 N.m.
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Hinh 10-Mé men déng co & 70% céng sudt
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Hinh 11- Mé men bdnh xe & 70% céng sudt
déng co
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Truong hop 4: O 100% cong sudt ciia

dong co
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Thai gian (5)

Hinh 12- Mé men déng co & 100% céng sudt
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Hinh 13- Mé men bdnh xe & 100% céng sudt

déng co

Db thi Hinh 12 mo ta dic tinh mé men
ctia dong co & 100% cong suat, luc nay
ta thay o 0.02 gidy thi gia tri md men cua
dong 14 cao nhat khoang 630 N.m, sau d6
giam dan va 6n dinh ¢ gidy 0.15.

Trong khi d6 ¢ Hinh 13 thi gi4 tri mo
men cia banh xe cao nhit 1a khoang 5600
N.m va dan 6n dinh ¢ gidy 0.15.

Qua 4 truong hop khao sat ¢ trén thi ta
thdy rang vé bién dang cia md men dong
co va md men banh xe la nhu nhau, nhung
vé bién d6 thi c6 su chénh 1éch kha rd rang,
d6 16n ctia md men ting dan theo timg diy
cong suat cua dong co.

O day, ngoai viéc khao sat dac tinh mo
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men xoan dau vao cua dong co va dau ra tai
banh xe, thi ta khao sat thém vé toc do va
gia toc cua xe, voi két qua nhu sau:

8
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Hinh 14- Ddc tinh gia téc ctia xe
150

g
g 100 1
J
1)
€
(§~ S0- 7
be

Thai gian (5)
Hinh 15- Ddc tinh vén téc ciia xe
Qua d0 thi ¢ Hinh 14 thi ta thay gia toc
cua xe thay ddi ti 18 thuan véi toc do cua
dong co nhu Hinh 16. Pong thoi xe ciing
tang toc kha tot, dat 100 km/h trong khoang
7,2 giay nhu Hinh 15
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0 ! ' 6n dinh dé dap ung nhu ciu cua xe.
600" 1 7. Két ludn
il Trong bai bao nay, dd nghién ctru vé
L |\ hé théng truyén luc ciia 6 to dién Tesla,
g 300~ | bang cach mo hinh héa va mé phong trong
i | Matlab{Simulink. Céc két qua mo phong
l cho thay mé men tai banh xe chu dong
. cling tdng manh so v&i mod men cua dong

0 A \ . s 1A (1A X
0 00 0 o o4 005 006 00 0 0w o1 cO. Di€u nay ching té hé thong truyén luc
Ths gian (5) da dap trng tot vé1 nhu cau cua xe. Kha
Hinh 17- Ddc tinh mé men cia déng co khiphéng dai  Nang tang toc cua xe kha tot, ching t6 mo
R £ . .. hinh ciing da dap ung dugc dicu kién van
Theo trén Hinh 16 ta thay, khi xe m&i & p g U T

khoi dong trong khoang 0,005 gidy, toc do hanh cua xe.
dong co giam manh, dong thdi mo men
dong co cling tang manh nhu Hinh 17
nham thing dugc md men quan tinh cia xe
ban dau. O giai doan chuyén tiép tir dudng
dbc qua duong bang thi toc dd va mé men
dong co c6 chut dao dong nhung sau do da

Trong thoi gian t6i thi ¢6 thé sir dung
mo hinh nay dé 1ap trinh bo diéu khién
dong co dién xoay chiéu 3 pha; mo phong
khéi pin va nghién ctru vé phanh tai sinh
nhim giup cho mé hinh tiém cin hon véi
thuc té.
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