Joupnal o]( Science - V L U T E

ISSN 261 5-9945

KHAO SAT DAO PONG O TO PIEN TESLA MODEL 3
BANG MO HINH PONG LUC HQOC DAO PONG 3D
A SURVEY ON THE OSCILLATION OF TESLA MODEL 3

ELECTRIC CARS BY 3D OSCILLATION DYNAMICS MODEL

KS. NGUYEN THANH TRUONG GIANG",
PGS.TS. CAO HUNG PHI', ThS. KHAU TAN PHAT!
"Truong Dai hoc SPKT Vinh Long

Email*: giangntt@vlute.edu.vn; DTDD: 0939994036.

Nhdn bai (veceived): 15/12/2021; Phin bi¢n (revised): 09/02/2022; Chép nhin (accepted): 08/4/2022

TOM TAT:

Bai bao trinh bay két qua khao sat dao dong cua 6 to dién Tesla Model 3 khi di chuyén
trén loai dudng C tiéu chuan ISO 8608:2016 véi cac van tdc khac nhau. Phuong phéap chu
yéu dugc str dung tach cAu tric Newton Euler dé thiét 1ap hé phuong trinh dong luc hoc
6 t6 bang mo hinh dao dong 3D. Cac phuong trinh thiét 1ap dugc mé phong bang phan
mém MATLAB-Simulink dé khao sat dao dong cua 6 t6 dién Tesla Model 3. Cac két qua
khao sat, tic gia dwa ra két luan voi khoang toc do tir 60 dén 80 km/h thi 6 t6 chuyén
dong trong gidi han strc lam viéc ciia con nguodi voi loai mat duong C theo tiéu chuan
ISO 8608:2016.

Tur khoéa: dao dong, van tdce, dong luc hoc, 6 t6 dién.

ABSTRACT

This paper presents the survey results of the oscillation of Tesla Model 3 electric cars
when traveling on the 1SO 8608:2016 standard C road with different speeds. The main
method used is the Newton Euler structure separation method to establish the system of
car dynamics equations by the 3D oscillation model. The setup equations are simulated
using MATLAB-Simulink software to investigate the oscillation of Tesla Model 3 electric
cars. The survey results show that with a speed range from 60 to 80 km/h, the car moves
within the limits of human working capacity with the C pavement type according to I1SO
8608:2016 standard.

Keywords: oscillation, speed, dynamics, electric cars.

1. PAT VAN PE

Dao dong ctia 6 to anh hudng truc tiép
dén tudi tho cua xe va kha nang chiu dung
ctia con ngudi ngdi trén xe. Khi xe chuyén
dong voi tdc do cao trén cac mit duong
map mo khic nhau thi tin sb dao dong

cling thay ddi lién tuc nén dé dan dén mat
on dinh do xay ra hién tugng truot quay
banh xe, 30 ém diu chuyén dong vuot qua
ngudng chiu dyng ctia con nguoi.

Bén canh do6, viéc st dung dong co
dbt trong dang gy anh huong xau dén moi
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truong, dac biét 1a lugng khi thai ddc hai tac
dong dén strc khoe con nguoi. Nhién lidu
truyén thong sir dung cho dong co dét trong
cling dan can kiét do ngudn tai nguyén suy
giam. Viéc st dung ngudn nhién liu thay
thé tré nén cap bach hon bao gid hét, trong
dé cac phuong an st dung nang luong
dién, pin nhién li¢u, khi hoéa long,...., lan
lugt dugc thyc nghiém va dua ra san Xuét.
O t6 dién ndi chung va Tesla Model 3 noi
riéng la dong xe than thién v4i moi truong,
ung dung cong ngh¢ cao trong van hanh va
kha nang ém diu trong dao dong duogc lua
chon trong nhiéu dé tai nghién ctru khoa
hoc dé khao sat, danh gia.
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Vi vay tac gia da chon hudng nghién
ctru 1y thuyét “Xay dung mé hinh déng lic
hoc va khao sat dao dong trén 6 to dién
Tesla Model 3" va khao sat truong hop
khi xe chuyén dong trén loai dudng C theo
tiéu chuan I1SO ISO 8608:2016 dé xac dinh
dugc mic d§ anh hudng tdc do dén dao
dong 6 to dién Tesla Model 3. Tu do6 dua
ra 101 khuyén phu hop cho ngudi sir dung
dé tang tudi tho xe va do ém diu cho nguoi
diéu khién va hanh khach trén xe.

2. XAY DUNG PHUONG TRINH
PONG LUC HQC

2.1. Mo hinh tinh toan

e 1
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Hinh 1.1. Mé hinh khéng gian hai cdu hé théng treo cdu truéc va cau sau déc lap 7 DOF
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Trong do:

+72 7.7, 72,7Z, chuyén Vi cua
khoi luq;rng dugc treo theo phuong Z,
chuyén vi cua khéi lugng khong dugc treo
tai vi tri trudc phai, trude trai, sau trai va
sau phai theo phuong Z.

ar My M5 M- khoi luong
dugc treo, khoi luong khong duogc treo
tai vi tri trude phai, trudce trai, sau trai va
sau phai.

+msm m m

+ 0, 0 goc xoay cua khéi luong
duogc treo quanh truc Y, X.

+C ,C C .C K K K

Lx1? Lx2, TLx3, ~Lx4° Lx1? Lx2, Lx3?
I<Lx4, C

L1° CL2, CLS’ C’jL4, I<Ll’ KLZ, I<L3’ I<L4:
do cung 16 xo hé thong treo trudc, sau; He
sO can giam chan hé thong treo trude, sau;
Do cung 16p xe trudce, sau; HE s can giam

chan 16p trude, 10p sau.

+1,, L: khoang céch tir tim 6 t6 dén

tam cau trudc, cau sau.

+ d: Khoang cach tir tam banh xe dén
diém lién két banh xe trai hodc phai.

+ biem 1, 2, 3, 4; 1°, 2°, 3°, 4’ cac
di€m lién két cua khoi lugng dugc treo va
khong duogc treo véi hé thong treo trng voi
cac vi tri trudc phai, trude trai, sau trai,
sau phai.

+Piém 5, 6, 7, 8: cac diém lién két cua
khéi lwong khong duoc treo vai 16p xe tng
v6i cac vi tri trude phai, trudce trai, sau trai,
sau phai.

2.2. Bién dang mat dwong

Hién nay phuong phap mo ta map mo
mit dudng bang ham ngau nhién da duoc
chuan ho theo tiéu chuan ISO 8608:2016
[1]. Vi vay, cac nha nghién ctru thuong str
dung tiéu chuan nay dé mé ta kich thich
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tor mat duong trong cac mo hinh dong luc
hoc cua 6 t6. Pac diém cua tiéu chuén la
dugc phan biét cac dang duong theo mat
d6 pho niang luong va chia chiing thanh 6
loai tiéu chuan véi cac ky hiéu quy udc tir
AdénF.

Ham mat d6 nang lugng chiéu cao cua
map mo6 mat dudng theo tan so n dugc tinh
nhu sau:

G,(n)=G, (no)(ij @.1)
Hoac

G, =G, (Qo){g%] 2.2)

0

Trong d6: n 1a tan s6 khong gian (chu
ky/m); n, 1a gid tri tham chiéu cua n (n, =
0.1 chu ky/m); G (n,) 1a mat 4o phd nang
luong ¢ tan so n,, Q la tan s6 goc (rad/m),
Q, =1 rad/m, Mdi quan hé giira tan s6 n va
tan sb gbc dugce thé hién béng biéu thire: n
= Q/2n. Khi tinh toan thi w thudng duoc
chon bang 2.

Mip mé mit duong theo tiéu chuin
ISO 8608:2016 dugc Ung dung trong
khdo sat bai todn dong nham xac dinh anh
hudng cua tai trong dong cua cac loai mo
hinh duong. Cac tai trong dong nay gay
ra cac (mg suat dong trong khung sat xi,
anh hudng dén d6 bén cua khung. Do d¢,
viéc khao sat tai trong dong 1én khung sat
xi khi xe chay trén cac mit duong dé xac
dinh d6 bén cia khung, dong thoi lam
théng s6 dau vao cho bai toan xac dinh
dd bén dong cua khung. Map mé bé mit
cua 6 loai duong theo ISO 8608:2016,
khoang chiéu dai 1000 m dugc md ta &
hinh 1.2.
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200 400 600 800 1000

Hinh 1.2. Mdp mé mdt dudng theo tiéu chudn
1SO 8608:2016

Tir tiéu chuén ISO 8608:2016 ta c6 thé
xdy dyng ham ngiu nhién méb ta do cao
mip moé mat duong ~. Ham mat do phod
dugce mé ta bang biéu thirc:

h= f(x)hoac h= f'(x)

Trong d6: véi h - chidu cao map mo,

t - thoi gian, x - dich chuyén theo hudng

m Zs = — Zul_

Lx2 (2 ZS

Lx1(22s+29syl
29syl 2Zu3)

- Phuong trinh lic doc Hsy cua 0 to:
J, .00 = Kyl (2Zs+2esyl
+KLx212 (ZZs_zesy 12

Zul

ZuZ)_

C,..(2Z, 26,1, —2

ZuZ) -
—2Zu5)+C,,L(2Z,
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chuyén dong.
2.3 Thiét 1ap phwong trinh dao dong

Ap dung phuong trinh Newton Euler
cho cac khdi luong dao dong gom: Khdi
lwong dugc treo gdm chuyén dong tinh tién
theo phuong Z (Z. y) chuyén dong xoay quanh
truc x (0 x) chuyén dong xoay quanh truc'Y
0 )) kh01 hrong khong duoc treo cau trude
gdém chuyén dong tinh tién theo phuong Z
cua banh trdi, phdi 1a Z ,, Z ; khéi luong
khong dugc treo cau sau gom chuyén dong
tinh tién theo phuwong Z cua banh trai, phai
laZ,,Z,,. Tac gia thiét lap duoc hé phuong
trinh vi phan gom 7 phuong trinh:

- Phuong trinh chuyén dong than xe
theo phuong Z cua 6 to:

Ca(2Z,+20,1 —
Z,)=0

Zul - Zuz)
(2.3)

Coul (2Z, +26, 1, —
~20,1,-27,,)=0

Zul - Zu2)
(2.4)

- Phurong trinh lac ngang ésx ctia khdi lwong duoc treo:

J. 0w =—K

K,,d(20.d)—C, ,d(20.d) =0

Lxld(ZHSxd Zu1+Zu2)

d(2gsxd - Zul + Zu2)

Lxl

(2.5)

- H¢ phuong trinh déng luc hoc ngang ciia cau trude bén phai:

_ésyll
1_}111)

m, Zul = — Lxl(Zul

(Zul_hll) C,(Zz,

—Oud)—

CLxl (Zul _Zs _gsyll _esxd)

(2.6)

- Hé phuong trinh dong luc hoc ngang cua cau trude bén trai:

m,, Zu2 = _KLxl (Zu2

_KL1(Z'42 h12) CLI(ZuZ_hIZ

s_ésy 11 +ésx d)_

CLxl (ZuZ - Zs - esyll + std)

2.7)

- Hé phuong trinh dong luc hoc ngang cuia cau sau bén phai:

mu3 Zu3 = —

— LZ(Zu3 hzl) C,,(Z,;—hy)
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LxZ(Zu3_ZS+HSyl +esx d)

CLxZ( u3 Zs + gsyIZ + gsxd)

2.8)
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- Hé phuong trinh dong lyc hoc ngang clia cdu sau bén tréi:

My Zus ==K, (Zus=Zo+ 0 1, =0 d) = Cyy (Z,y = Z, + 0,1, — O,.d)

—K,,(Zus—h»)—-C,,(Z,, —hy,)

3. KET QUA KHAO SAT, PANH
GIA
Trudng hop 0 t6 chay trén mat duong

od Géclicdoc thin xe 6,
00001

0.00005

° m«ymwwww%@%mj

000005 |\ f

-0.0001

—— 60km/h ——veB0Kmh —— V=00 km/h

(a)

(2.9)

theo ti€u chuyén ISO loai mat duong C
véi cace van toc khao sat 60 km/h, 80 km/h,
90 km/h.

o Gia toc than xe Zs
SRy

02

01

g

04

05

06
—— v=60km/h ——v=B0km/h ——v=30km/h

(b)

Hinh 1.3. Géc ldc doc thdn xe O, (a) va gia téc thin xe &t6c d6 VA s(b)

- Tir két qua khao sét cho thdy duya trén
bién dang mit duong C theo chuan ISO
8608:2016 voi cac day van tdc 60 km/h, 80
km/h, 90 km/h thi & téc d6 6080 km/h véi
gia toc (hinh 1.3.b) cuc dai than xe khoang
0.25 m/s?, gia toc than xe tré lai mirc on
dinh khoang 0.15 m/s2. Téc do 90 km/h gia

ud Géclicngang thn xe ,,
0.008 . .

0.006
0004 |f—
0.002 -

-0.004

0.006 |

-0.008

——v=60km/h ——v=B0km/h ——v=90 km/h

(a)

tdc than xe dao dong cuc dai 16n hon 0.3 m/
s? nén s€ gy ra mét moi cho hanh khach.
Goc lic doc cuc dai (hinh 1.3.a) khoang
0.0001 rad. Téc do 90 km/h goc lic doc
cuc dai nho hon 0.06 nhung goc lac doc
khi tro lai trang thai on dinh 16n hon goc
lic doc & cac te do 60+80 km/h.
Chuyén vj thin xe Zs

m
0.065

0.045

0.025

-0.075

-0.095

—— v=60 km/h ——v=B0 km/h ——v=90 km/h

(b)

Hinh 1.4. Géc ldc ngang thén xe Hsy (a) va chuyén vi thén xe Zs (b)

- Tir két qua khao sét cho thay duya trén
bién dang mit dudong C theo chuan ISO

TRUGONG DAl HOC SU PHAM KY THUAT VINH LONG

8608:2016 voi cac day van tbc 60 km/h,
80km/h, 90 km/h thi ¢ téc d6 60+80 km/h
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1.4.b) khoang 0.61 m va chuyén vi than
xe On dinh & mérc dudi 0.06 m. Tdc dd 90

goc lac ngang cuc dai (hinh 1.4.a) khoang
0.007 rad. Toc do 90 km/h gbc lac ngang

cuc dai nho hon 0.008 rad. km/h chuyén vi ctia than xe cuc dai khoang

Chuyén vi cua than xe cuc dai (hinh 0.63 m.

Chuyén vi tai diém lién két ciia khdi hrgng dwge treo Z1

007 - - 0.08
00s 1 ! | | 006

004
003 JA\

- VAN At

e Chuyén vi tai diém lién két cita khdi lrgng dwgc treo Z2

\ ut(s)

——w=80km/h —— =30 km/h

(a)

—— w60 km/h

—— V=60 km/h ——v=80km/h ——v=90 km/h

(b)

Hinh 1.5. Chuyén vi tai diém lién két ctia khéi lugng dugc treo Z, (a) va Z, (b)

- O tbc d6 60+80 km/h chuyén vi tai
cac diém lién két cuia khdi lugng dugce treo
Z, (hinh 1.5.a) qat gia tri cuc qai khoéng
0.09 m va chuyén vi tai cac diém lién két
cua khdi luong dugc treo 6n dinh & muc
dudi 0.03m. Toc do 90 km/h chuyén vi tai
cac diém lién két cua khoi lugng dugc treo
Z, dat gia tri cuc dai khoang 0.08m.

Chuyén vi tai cac diém lién két cua
Chuyén vi tgi diém lién két ciia khoi lwrgng dwgc treo Z3
m

|
006 I | 1 | 006

I
« an WA'AY:)

V4 |
|

0.08

0.04

0.02
s) o
-0.02

[
L -0.06

——Vv=60km/h ——v=B0km/h ——v=90 km/h

(a)

{ 004 ||

khoi lugng dugc treo Z, (hinh 1.5.b) dat
gia tri cuc dai khoang 0.09 m va chuyén vi
tai cac diém lién két cua khéi lwong duoc
treo 6n dinh & muc dudi 0.02m. Tdc dd 90
km/h chuyén vi tai cac diém lién két cua
khdi luong dugc treo Z, dat gjé tri cuc dai
khoang dudi 0.08m va chuyén vi tai cac
diém lién két cua khéi lugng duogc treo 6n
dinh & mac dudi 0.04m.

- Chuyén vi tai diém lién két cia khéi lrgng dwgc treo Z4

—— v=60km/h ——v=80km/h ———v=90 kn/h

(b)

Hinh 1.6. Chuyén vi tai diém lién két cta khéi luong duoctreo Z (a) va Z, (b)

- O tdc d6 6080 km/h chuyén vi tai cac
diém lién két cta khdi lugng dugc treo Z,
(hinh 1.6.a) dat gié tri cuc dai khoang 0.07
m va chuyén vi tai cac diém lién két cia khbi
luong dugc treo 6n dinh & mire dudi 0.02 m.
Téc d6 90 km/h chuyén vi tai cac diém lién

52

két cua khdi lugng duge treo Z, dag gia tri
cuc dai khoang dudi 0.06 m va chuyén vi tai
cac diém lién két ctia khi luong duoc treo
6n dinh & mirc dudi 0.04 m.

Chuyén vi tai cac diém lién két cua
khoi luong duoc treo Z, (hinh 1.6.b) dat
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gia tri cuc dai khoang 0.07 m va chuyén vi
tai cac diém lién két cua khoi lugng duoc
treo on dinh & murc dudi 0.02 m. Toc do 90
km/h chuyén vi tai cac diém lién két cua
Gia toc tai diém lién két ciia khéi lwgng duwgce treo 21

m/s?
o8

06 | ¥
04

0.2

-0.2

-04

— v=60 km/h = v=80 km/h

——— v=90 km/h

(a)
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khéi luong dugc treo Z, dat gi;’l tri cuc dai
khoang dudi 0.06 m va chuyén vi tai céac
diém lién két cua khéi lwong duoc treo on
dinh & mtrc dudi 0.04 m.

Gia tdc tai diém lién két ciia khoi lwgng dwgc treo 22

— v=60 km/h  ———v=80 km/h V=90 km/h

(b)

Hinh 1.7. Gia téc tai diém lién két cia khéi luong duoctreo Z | (a)va 7 > (b)

- O tbc dd 60+80 km/h gia tc tai cac
diém lién két cua khdi luong duoc treo Z,
(hinh 1.7.a) dat gia tri cuc dai & khoang 0.6
m/s? sau do gia toc tro lai trang thai 6n dinh
& muc dudi 0.2 m/s O tde do 90 km/h gia
toc tai cac "diém lién két cua khoi luong
duogc treo Z: dat gia tri cyc dai ¢ khoang
0.8 m/s? sau do6 gia toc trg lai trang thai 6n
dinh & mirc dudi 0.4 m/s?.

Gia tbc tai diém lién két cia khoi lrgng dwgc treo 23

m's?
065

045

0.5

0.05

-015

-035

——v=60km/h ——v=80km/h ——v=90 km/h

(a)

Gia toc tai cdc diém lién két ciia khéi
lugng dugc treo Z» (hinh 1.7.h) dat gia
tri cuc dai ¢ khoang 0.6 m/s? sau d6 gia
tdc tro lai trang thai on dinh & muc dudi
0.2 m/s2. O toc d6 90 km/h gia tdc tai cac
diém lién két cua khéi luong duoc treo Z,
dat gia tri cuc dai ¢ khoang 0.8 m/s? sau
do gia tde tro lai trang thai 6n dinh & muc
dudi 0.4 m/s?.

Gia téc tai diém lién két cia khdi lwgng dugc treo 24

|

A

t(s)

—— v=60km/h ——v=80 km/h

(b)

=90 km/h

Hinh 1.8. Gia téc tai diém lién két ciia khéi luong dugctreo 73 (a)va 7, (b)

- O tdc d6 60+80 km/h gia tdc tai cac
diém lién két cuia khdi lugng dugce treo 23
(hinh 1.8.a) dat gia tri cuc dai & khoang 0.6
m/s? sau d6 gia toc trd lai trang thai 6n dinh
& muc dudi 0.25 m/s>. O toc d6 90 km/h
gia tdc tai cac diém lién két cua khdi lugng
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duoc treo 23 dat gia tri cyc dai ¢ khoang
0.8 m/s? sau do gia toc tro lai trang thai on
dinh ¢ mic dudi 0.25 m/s?.

Gia tdc tai cac diém lién két cua khéi
luong duoc treo 7, (hinh 1.8.b) dat gié tri
cuc dai ¢ khoang 0.8 m/s? sau do gia toc tro
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lai trang thai 6n dinh & mirc dudi 0.22 m/s2.
O tdc d6 90 km/h gia tdc tai cac diém lién
két cta khéi lugng dugc treo 24 dat gia tri
cuc dai & khoang 0.8 m/s? sau dé gia tdc tro
lai trang thai 6n dinh ¢ mc dudi 0.25 m/s2.

4. KET LUAN

Tir két qua khao sat cho thiy dua trén
bién dang mat duong C theo chuén ISO
8608:2016 v6i cac diy van téc 60 km/h,
80km/h, 90 km/h thi xe chuyén dong ém
diu nhat (gia toc theo phwong thang dirng
khéng tang dot ngot) & toe d6 6080 km/h
véi gia tdc cuc dai than xe khoang 0.25 m/
s? ¢6 thé gay ra mét moi nhu'ng thoi gian
dién ra gia toc cuc dai rat ngan chi khoang
0.2s sau d6 gia toc than xe trd lai mic 6n
dinh khoang 0.15 m/s?, géc lic doc cuc dai
khoang 0.0001 rad, goc lic ngang cuc dai
khoang 0.007 rad.

Chuyén vi cua than xe cuc dai khoang
0.04 mva chuyén vi than xe 6n dinh & mrc
du6i 0.06 m, Chuyén vi tai cac diém lién
két cua khdi luong dugc treo Z,2,2,7 4)
dat gia tri cuc dai khoang 0.04 m va chuyen

ISSN 2681 5-9945

vi tai cac diém lién két cua khéi luong duoc
treo on dinh & muac dudi 0.02 m.

Gia toc tai cac diém lién két cua khoi
lugng duoc treo dat gia tri cuc dai & khoang
0.8 m/s* s€ anh huorng dén sirc khoe nhung
thoi gian x4 ra gia toc cyc dai rat ngan chi
khoang 0.2s sau d6 gia toc trd lai trang thai
on dinh ¢ muc dudi 0.2 m/s? nén co thé
chép nhan duoc.

Tac gia d@ md phong dao dong cua 6
t6 dao dong cua 6 t6 di¢n Tesla Model 3
khi di chuyén trén loai dwong C tiéu chuan
ISO 8608:2016 véi cac van toc khao sat 60
km/h, 80 km/h, 90 km/h bang phan mém
MATLAB - Simulink. Qua cac két qua khao
sat, tac gid duara két luan voi khoang tde do
tir 6080 km/h thi 6 t6 chuyén dong trong
€161 han strc lam viéc cua con nguoi voi loai
mit duong C theo chuan ISO 8608:2016.

M0 hinh dao dong trong khong gian cta
0 t0 dién Tesla Model 3 lam co s& cho viéc
khao sat cac dao dong thiang dimg va cac
dao dong goc trong mit phing doc va trong
mit phang ngang ctia 6 to sau nay.
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