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NGHIEN ClPU KHAO SAT DAO PONG CUA O TO DIEN CO’ NHO
RESEARCH AND SURVEY OF VIBRATION OF SMALL ELECTRIC VEHICLES

Nguyén Tién Diing, Lé Bao Viét, LAm Thanh Chwong
Khoa Co khi Bong luc, Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Nganh 6 t6 trén thé gidi da phat trién trén mét tram ndm. thng san pham cia né ngay
cang chira ham luong cong nghé cao, 6 to ngay cang chay nhanh hon, so luwong ngay cang nhiéu,
cdc xe ngay cang duge hoan thién hon vé d an toan ciing nhuwe do ém diu. Nhitng phdt trién dét bién
a6 da dwa dén nhitng ap liec méi cho xa héi nhue tai nan giao thong, murc do pha huy dwong sa ngay
cang nghiém trong. Nghlen cieu dé hoan thién cdc két cau ciia 6 t6 nham nang cao an toan chuyen
déng va giam anh hwéng xdu cia dao déng véi moi trwong la mot nhu cau cdp thiét cia quéc gia.
Nghién ciru vé dao déng 6 t6 néi riéng va vé dong lec hoc 6 t6 néi chung ngay cang diroc quan tam
diing mire. O 16 1a lién két ciia hé nhiéu vdt, cdc khoi liwong dé dwoe lién két véi nhau bang cdc phan
twe ¢o dac tinh phi tuyén phiee tap, vi du nhw ddac tinh giam chdn, ddc tinh dan hoi, su va cham cia
banh xe. Trong bai bdo nay, nhém tdc gid da tién hanh sir dung phirong phdp mé phong sé dé khao
sdt dao déng ciia 6 t6 dién cé nhé khi di chuyén trén cdc loai mdt dwong khdc nhau. Két qua nghién
cieu c6 thé dwge sir dung dé lam tién dé cho nhitng nghién ciru sdu hon vé dao dong 6 té trong tiong
lai, dong thoi cé thé ding dé toi wu héa két cau ciia 6 16, nhat la xe dién c& nho.

T khéa: Xe dién co nhé; Mé phéng sé; Dao dong é 16.
ABSTRACT

The world automobile industry has been developing for more than a hundred years. The
company's products increasingly contain high technology content, cars are running faster and faster,
the number is increasing and the vehicles are becoming more and more perfect in terms of safety and
comfort. Sudden developments have caused new pressures on society such as traffic accidents, the
ability to make the streets more and more dangerous. Research into perfecting car configurations to
improve motion safety and reduce the negative impact of vibration on the environment is an urgent
national need. Research on car vibrations in particular and car dynamics in general is increasingly
receiving adequate attention. A car is a connection of a system of many objects, the masses are
linked together by elements with impurity nonlinear properties such as damping properties, elastic
properties and the sophistication of the wheels. In this article, the authors used numerical simulation
methods to study the engine of electric vehicles when traveling on different types of road surfaces.
The research results can serve as a basis for further research on car vibrations in the future and can
be used to optimize car configurations, especially small electric cars.

Keywords: Small electric vehicle; Vehicle vibrates.
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1. TONG QUAN

Dao dong 6 t6 duoc giy ra bao gom ba
ngudn chu yéu 1a [4]: Map mé mit dudng, luc
can khong khi, cac lyc, mé men quan tinh khi
xe tang tdc, phanh, quay vong.

Mép md méit dudng 3z

— —

Lyc can khang khi Dao déng fz

Céclyc, md men Otd

quan tinh khi xe

tang téc, quay véng

Hinh 1. So' do cdc yéu to anh huong dén dao dong
0 to

Khi chuyén dong trén duong, 6 t6 dao
dong o tat ca cac phuong: phuong doc, phuong
ngang, phuong thang ding va ba dao dong goc
1a dao dong lic doc, lic ngang va quay quanh
truc thang dung. Thong thuong, khi xét dao
dong 6 t0, ta chi quan tdm dao dong phuong
thang dimg, dao dao dong lic doc va lac ngang
mac du dao dong 6 t6 1a tich hop. Dao dong 6
t6 ciing chiu dong thoi nhiéu yéu t6 kich dong
ngau nhién. V1 Vay, ta chi c6 thé 14p mé hinh
Va x€t cac yeu t6 riéng ré. Tru:oc tién, ta xét cac
yeu t6 gay dao dong. C6 4 ngudn gay dao dong
Mép mé mat duong: Trong thuc té, map mo
mit duong mang tinh chat ngau nhién, ching
thay d6i trong qua trinh xe chuyén dong vé do
cao map mo, khoang cach gitra cac map ms.

Luc can khong khi (Gio): O nuéc ta,
gi6 co6 cuong do manh, tdc dong dén 6 t6 da
phuong, da chidu véi tinh chit ngau nhién, lam
thay d6i xe chuyén dong va vé co ban tim tac
dong cua gidé khong trung voi trong tam cuia xe.

Cac luc, mé6-men quén tinh khi xe tang
toc, phanh, quay vong (Luc quan tinh): Khi 6

t6 chuyén dong, lai xe thyc hién diéu khién xe
theo ba chirc ning 1a phanh, ting téc, quay vo
lang riéng r& hodc tich hop, 1am xuét hién gia
téc doc, ngang. gy dao dong lic doc va lic
ngang.

Ngoai ra, khi xe chay, tai cua dong co
thay d6i, mo-men quan tinh cta dong co ciing
gay dao dong cho 6 t6. Trude day, khi nghién
cuu dao dong, nguoi ta chi xét anh hudng cua
map md dudng trong truong hop van tée khong
d6i. Chuyén dong cta 6 to 1a chuyén dong tich
hop, khi nghién ctru Bong luc hoc 6 t6 ta phai
xét tat ca cac yéu té anh huong, vi vy trong mo
hinh dao dong phai tong quéat hon, bao ham ba
loai kich dong vira néu trén.

2. THIET LAP MO HINH DAO PONG
KHONG GIAN

Dé nghién ctru vé dao dong cia xe dién
¢& nho, nhom tac gia di quyét dinh nghién ciru
trén xe tham khao Vfe34 c6 cau trudc su dung
hé théng treo doc 1ap va ciu sau sur dung hé
thong treo phu thuéc. M6 hinh dong luc hoc
khong gian, md hinh 6 t6 tai HINO 500 c¢6 2
truc 1a ddi xung theo truc doc cua xe, than xe
dugc coi nhur mot tim phang c6 khdi lugng M
dat tai trong tadm than xe. Trong bai toan xét dao
dong cua xe khi chuyén dong thang, than xe co
3 chuyén dong (3 bac tu do) bao gém: chuyén
dong tinh tién theo truc théng dimg z va 2 goc
xoay tuong ing: ¢, (goc lic doc — quay quanh
truc ngang y), @, (goc lic ‘ngang — quay quanh
truc doc x), cac cau xe (cau trude — 1, cau sau
—2) 1a cac khéi luong khong dugc treo dugc
coi nhu cac thanh phang, c¢6 khdi luong m, ,

dat tai trong tdm cua chung. M3di cau xe ¢6
1 chuyen dong tinh tién theo truc thang dimg
(Epp €4y VL chuyén vi goc lic ngang qual}h
truc doc (9, , 9, ). BO qua goc xoay cua cau
xe theo truc thang diig va truc ngang, than xe
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dugc ndi voi cac cau xe thong qua hé théng
treo (dac trung boi cac do cing C,va hé s6 can
glam chan K, ) (chi sd i: 1 — Trudc; 2 — Sau; chi
s0j: 1— Tral 2 — Phai), cau xe lién két v6i mat
duong bang banh xe dan hdi, dic trung boi do
cung C, .. Bo qua thanh phan can cua 16p, bo
qua tac dong cua g10 dén chuyén dong cua xe,
banh xe tiép xtic diém véi mat duong.

Hinh 2. M6 hinh dong luc hoc khong gian xe 6 to
dién co nho

Trén mo hinh st dung cac ky hi¢u sau:

OXYZ: Hé toa do ¢6 dinh; C: Trong tim
ctia khéi lugng duoc treo; AL AL Trong tam
cua khoi lu’orng khong dugc treo truo’c (cau 1)
va sau (cdu 2); M: Khéi luong dugc treo; m, NE
Khdi lugng khong dugce ‘treo ciu I; m ., Khoi
luong khong duqq treo cau 2; Jy: Mo-men quéan
tinh truc y cta khoi lugng dugc treo xe con; J
Mo-men quan tinh truc x cua khdi duoc treo xe;
J, s Mo-men quér} tinh truc x cua khoi luqr}g
khong dugc treo cau thiri (i = 1+2); z: Chuyén
vi theo phuong thing ding ciia trong tim khoi
luong dugc treo; ¢ : Goc lic ngang ctia than
Xe; @ Goc lac doc cua than xe; . Chuyén
vi thang dung cua trong tam khoi lu0’ng khong
duoc treo trude (cau tha 1); 9,,,: Goc lic ngang
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clia cau thir 1’; €, Chuyén vi thiang ding cfla
trong tam khoi luong khong duoc treo sau (cau
thtr 2); ¢_,,: Goc lac ngang cia cau thir 2; C
D0 cling cua nhlp gan voi banh xe 1] 1=1=2 J
= 1+2); KJ Hé s can giam chan gan v6i banh
xe ij (i =12, j = 1+2); C ;: DS cling hu:ong
kinh cua 16p th ij (i = 1= 2 _] = 1+2); L: Chiéu
dai co so ’cua‘xe, 1,: Khoang cach tir trong tam
than xe dén cé}u tl:uc'yc; 1,: Khoang céach tir trong
tam than xe dén cau sau; 2b,: Khoang cach gitra
tam hai banh xe cau ‘tru:(')rc; 2b,: Khoang céach
gitra tam hai bér}h Xe cau sau; 2w : Khoang cach
gitra hai vi tri bo tri treo cau trudci 2w,: Khoang
cach gitra hai vi tri dat nhip trén cau sau.

Nhu vay, m6 hinh cAu tric cua xe 6 tO
dién cd nho sé€ c6 7 toa do suy rong (7 bac tu do)
bao gom: 3 bac tr do mo ta chuyén dong cua
than xe (z, ¢, (py), 2 bac tu do mo ta cau trudc.

Phuong trinh mo ta dao dong than xe:

M z=Fp +Foyy +Fopy + Fypy + Foy + Fyyy +Fyy +Fy (2.1)

J@, = |y (Fy +Fqy + Fy + Fyy )+ ( Frgy +Fyy +Foy Kn](22)

@ = by. (Feaa + Frii—Ferz — Fraz) + Wa. (Fean + Frar—Feaz — Fiaz) (23)

Phuong trinh mé ta dao dong cau sau
(phu thudc):

M4y = (Fopgy + Foppy ) (Fogy + Fyy + Fiyy +

Fo) 24)
Jax2- 9242 = by (Feran — Feiza) + Wa (Feaa + Faz — Feaa — Fian) (25)

Phuong trinh md ta dao dong cau trudc
(doc lap):

mAn-fA"n = Fer11 — (Feua + Fg11)  (2.6)

Ma12-€a12 = Feraz — (Feaz + Fraz)

(2.7) F
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3. THONG SO VA PHUONG AN KHAO SAT
3.1. Thong s6 xe tham khao Vfe34

Trong nghién ctru nay, ddi twong khao sat duoc lua chon 1a Vfe34 — xe dién c¢& nho thudc
cong ty san xuat 6 t0 Vinfast cua Viét Nam.

Bdng 1. Théng s6 dau vao cho bai todn mé phong

TT Théng sb Ky hiéu Gia tri Pon vi
1 Gia tdc trong truong g 9.81 m/s?
2 Hé s can lan f 0.02
3 Bén kinh tinh banh xe r, 0.325 m
4 Do cung hé théng treo trudc C,C, 76640 N/m
5 Do cting hé thong treo sau C,C, 178870 N/m
6 Hé s6 cdn giam chan trude K. K, 7347 N.s/m
7 Heé s6 can giam chan sau K, K, 11106 N.s/m
8 Do ctng hudng kinh 16p trude C.,.C, 209067 N/m
9 D9 ctng hudng kinh 16p sau C., C, 209067 N/m
10 Khéi lugng khong dugc treo trude m,, 110 kg
11 Khéi lwong khéng duoc treo sau m,, 120 kg
12 Khoi luong dugc treo M 1216 kg
13 Khdi lugng toan b phan cho cau trudc M, 870 kg
14 Khoi lugng toan b phan cho cau sau M, 666 kg
15 Chiéu dai toan bg ciia xe LW 43 m
16 Chiéu rong toan bd ctia xe BW 1.768 m
17 Chiéu cao toan bo clia xe HW 1.613 m
18 Chiéu dai co s& L 2.610 m
19 Khodng cach tir trong tim dén cau trude 1, 1.132 m
20 Khoang cach tu trong tam dén cau sau 1, 1.478 m
21 Mot ntra khoang cach vét banh xe trude b, 0.737 m
22 Mot ntra khoang cach vét banh xe sau b, 0.745 m
23 Mot ntra khoang cach treo trudc W, 0.7 m
24 Mot ntra khoang cach treo sau w, 0.6 m
25 Chiéu cao trong tam h, 1.5 m
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26 Ban kinh dong banh xe trudc r 0.4572 m

27 Ban kinh dong banh xe sau r, 0.4572 m

73 Mo6-men quan tinh khoi (lllécz*r;g cua than xe quanh truc I 2992 kem?

29 Mo-men quan tinh khorl1 éggggy cua than xe quanh truc 1, 96040 kem?

30 Mo-men quan tinh kgl(:i; lérgllfl gm;a than xe quanh truc ] 101940 kem?

31 Mo-men quan tinh khoéi lugng ctia cau sau quanh truc I 335 kem’

dQC X Ax2

1 Mo-men quan tinh khoéi lugng ctia cac banh xe trude Id 10 kgm?
quanh truc ngang y Ayl TAY2

13 Mo6-men quan tinh khoi lugng cia cac banh xe sau Id 20 kgm?
quanh truc ngang y Ay3? T Ayd

3.2. Kich thich map mé mit dwong

ISO 8608:2016 14 tiéu chuan dugc str
dung pho bién nhat hién nay trong céc tinh toan
dong luc hoc 6 t6. Tiéu chuan ndy phan biét cac
dang duong theo mat do phd cong suat (PSD)

clru nay, bon loai dudng theo ISO 8608:2016
da dugc thu nghiém, bao gém: Loai duong B-C
(duong tot), duong C-D (dudng trung binh),
duong D-E (dudng xau) va duong E-F (dudng
rat xdu) dugc khao sét.

va chia ching thanh 8 loai véi ky hi¢u quy udc 05 . . . sc|

tir A dén H [6]. ~ i oe |

g: ! : EF |

N = 0 = ' o 2 = 5 ] :

hx)= Y An .2".10’3.(%j.cos(27r.i.An.x +0) 3.1 "

i=0 1an o

Cong thic (3.1) cho phép tinh toan va DG :

o AN L A ua A A A \ Q 50 100 150 200

veé d6 thi mo ta chiéu cao map mé mat duong x (m)

theo dich chuyén x. Ham h(x) s& dugc st dung
1am ham kich thich trong mé hinh chuyén dong
tong quat cia O to v4i cac loai duong khac
nhau. Néu coi 6 t6 chuyén dong déu véi van toc
v thi biéu thirc tinh d6 cao mip mo theo bién x
c6 thé viét lai theo bién thoi gian t nhu sau:

N

h(t) = Z@.Zk.10'3.[%j.cos(2ﬂ.i.An.V.t +9) (3.2)
i=0 1An

Mép md bé mit ciia cac loai dudng theo

ISO 8608:2016 dugc thé hién trén mdt khoang

chiéu dai 200m nhu trén hinh 3. Trong nghién
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Hinh 3. Mdp mé mdt dwong theo tiéu chudn ISO
8608:2016

3.3. Két qua khao sat

a. Khao sat sw anh hwéng cia tbc do téi dao
dong xe

Trong nghién ciru nay, bén loai dudng

ISO duogc khao sat, xe 6 to chay vdi cac van tde
tir 30-55 km/h. Téng cong 28 1an chay chuong

trinh mé phong dé danh gia.
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Hinh 4. Gia toc dao déng thang dirng cuwec dai va
goc lac theo phwong Y cuc dai cua than xe khi o t6
di trén cac logi dwong khdac nhau.

Hinh 4 thé hién két qua khao sat gia toc
thang dimg cuc dai cta than xe khi 6 t6 chuyén
dong trén cac loai dudng c6 map mo khac nhau
trong dai van tdc khao sat. Trén dd thi, co hai
duong thé hién hai gia tri ngudng danh gia
twong (mg va&i gidi han canh bao 5 m/s? tuong
g v6i gidi han can thigp. Két qua trén hinh
4 cho théy, khi di trén duong tt (B-C), moi
gié tri gia toc dao dong thang dimg cuc dai déu
dudi 3 m/s? (ngudng canh bao), nén 6 t6 dam
bao duoc chi tidu vé an toan hang hoa. Véi loai
duong trung binh (C-D), khi xe chay v6i van
toc trén 55 km/h, gia téc dao dong thang ding
cuc dai cua than xe vugt ngudng canh bao 1a 5
m/s2. Goc lic ngang than xe ciing twong ty nhur
gia toc max, khi xe di chuyén trén mat duong
D-E thi goc lic max vuot ngudng canh bao,
con trén cac mat dudng tot nhu B-C va A-B thi
goc lic tuong ddi nho.

b. Khéo sat sy 4nh huéng cia do cirng hé
thong treo sau den dao dong cia xe

Trong khao sat nay, xe chay véi cac van
tc tir 30-55 km/h trén loai duong xau (D-E).
Cho C, thay doi trong dai [0,5 0,6... 1... 14
1,5]1*C,,, chay chuorngv trinh mo phéng, Xac
dinh dugc cac gia tri dé€ danh gia bao gom gia
toc thang dimg cuc dai ciia than xe (zmax) hé
s tai trong dong cuc dai (k ..)» h€ so tai trong
dong cuc tiéu (k i) Tong cong 44 lan chay
chuong trinh mo phong dé khao sat.

1"

10
.b.
= —e—30(kmvh)
£ 8 O,ﬁf —+—135(km/h)
40(km/h)
7 =2 a—45(km/h)
- = =50(kmvh)
5 55(km/h)
2 4 ] 8 10
C21 (N/m) : 1|:|-‘-

Hinh 5. Gia toc dao déng thang dirng cuwc dai ciia
thdn xe khi thay doi do ciing C, cua hé thong treo
sau (duwong D-E, v = 30-55km/h)

Hinh 3.11 thé hién két qua khao sat anh
hqéng cua do cung C, cla h¢ thong treo sau
dén gia toc dao dong thang ding cuc dai cua
than xe khi 6 t6 chuyén dong trén loai dudng
xau D-E trong dai van tdc khao sat. Trén do
thi, c6 hai duong thé hién hai gid tri ngudng
danh gia: tuong Ung vo1 gidi han canh bao va
gidi han can thiép. Két qua trén cho thay, khi 6
to di trén duong xau (D-E), v6i mdi gia tri van
tdc khao sat, khi C, tang dan, gia toc dao déng
thang dung cuc dal cling tang dan. Chinh vi thé,
trong thiét ké dé cai thién d6 an toan cho hang
hoa, nén giam d6 cimg C, cua h¢ théng treo
sau.

4. KET LUAN

Nhom tac gia da xay dung duoc md
hinh dong luc hoc khi xe chuyén lan don va st
dung phan mém Matlab — Simulink tién hanh
mo phong qué trinh chuyén lan don cua. Tién
hanh thay doi cac thong sé dau vao 1a cac nhan
t6 anh huong dén qué trinh chuyén dong, ta co
dugc cac két qua 1a cac thong s dau ra. Véi
loai dudng c6 mot hé sé bam nhat dinh khi cho
xe tién hanh khao sat chuyén dong véi cac van
tdc, goc danh lai va thoi gian danh lai khac

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 316, thang 6 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

nhau da danh gid dugc quy dao va kha nang
chuyén dong cua xe dé tir d6 dua ra duoc cic
bién phap khic phuc nham giam tinh trang mat
141, mat 6n dinh khi xe chuyén dong trong qua
trinh chuyén lan.
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