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NGHIEN Cl’U ANH HUONG CUA MOT SO THONG SO KET CAU
HE THONG TREO PEN DAO DONG CUA XE O TO PIEN CO' NHO

STUDY ON THE EFFECTS OF VARIOUS SUSPENSION SYSTEM STRUCTURAL
PARAMETERS ON THE VIBRATIONS OF SMALL ELECTRIC VEHICLES

Trwong Van Thuin
Truong Pai hoc Phenikaa

TOM TAT

Xe dién la loai phwong tién dang dwoc cdc nha san xudt trén thé gidi wu tién tdp trung
nghién civu va phat trién. Poi véi xe dién c& nhé, véi ddc trung tdi trong nhé va chuyén dong véi
van toc trung binh, can thiét phai danh gia tinh tién nghi va on dinh dong luc hoc cua o6 t6 khi di
trén cdc loai mat dwong c¢é map mé khdc nhau [1]. Chinh vi vdy, viéc nghién civu khdo sat dao déng
xe 6 16 dién cé nhoé khi chuyén déng trén dwong mdp mé la mét van dé cé y nghia khoa hoc va thuc
tién. Mé phéng dao déng va khdo st danh gid do cimg 10 xo va hé sé can giam chan dao dong ciia

0 t6 dién co nho khi di trén duwong co mdp mo theo tiéu chuan.

Tw khéa: H¢ so can giam chan; Do cung lo xo; Mo phong dao dong; Dao dong xe dién co

nho.
ABSTRACT

Electric vehicles (EVs) have become a priority for automotive manufacturers globally, with
significant focus on research and development. For small electric cars, which are characterized by
light payloads and moderate speeds, it is essential to evaluate ride comfort and dynamic stability on
various uneven road surfaces. Consequently, studying the vibration response of small electric cars
on bumpy roads is of scientific and practical significance. This includes simulating vibrations and
analyzing the spring rate and shock absorber damping coefficients of the suspension system as the

vehicle navigates standardized uneven terrains.

Keywords: Shock absorber damping coefficient; Spring rate; Oscillation simulation;

Oscillation of small electric vehicles.
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1. GIOI THIEU CHUNG

Xe dién c¢d nho dang trg thanh mot xu
huéng phat trién quan trong trong nganh céng
nghi¢p 6 to tai Viét Nam ddc biét trong boi
canh gia ting nhu cdu vé cic giai phap giao
thong bén vimg va giam thiéu 6 nhiém moi
truong. Theo bdo cao tir Hi€p hoi cac nha san
xuét 6 to Viét Nam (VAMA), doanh s6 xe dién
da tang 200% trong nam 2023, v4i cic mau xe
¢ nho chiém ty trong 16n nhét [3]. Bao céo nay
cho thiy su ua chudng ciia ngudi tiéu dung do
thi dbi véi cac mau xe co thiét ké nho gon, linh
hoat, d& dang di chuyén trong cac khu virc dong
dtc. Ngoai ra, chinh sach hd trg ctia Chinh phii
Viét Nam, nhu mién thué nhap khau va giam
thué tiéu thu dac biét cho cac loai xe dién, di
gop phan thuc ddy sy phat trién cua thi truong
nay. Theo B§ Cong Thuong, cac bi¢n phap nay
khong chi giup gidm gia thanh xe dién ma con
gop phé{l vao vi¢c giam lugng khi thai (;02, ’céi
thién chat luong khong khi va giam thi€u tiéng
on trong cac khu vuc do thi [2].
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Hinh 1. Hé théng treo truoc trén xe dién co nho
Vinfast VFe34
1. Cum giam chan truée; 2. Goi do trén (cao su);
3. Rotuyn cdn bang; 4. Cum tay don dwdi trude;
5. Dam truée; 6. Thanh cén bcing; 7. Gia do sau
dong co, 8. U cao su; 9. Giam chan sau; 10. Dé I6t
dau trén 16 xo, 11. Lo xo tru sau, 12. Dé 16t dau
duéi 10 xo; 13. Dam xodn sau; 14. Mat bich

2. XAY DUNG MO HINH DAO PONG
CUA XE O TO PIEN CO NHO

2.1. M6 hinh mé phéng hé dan dong phanh
thiy lwe hai dong doc lap

Xe 0 t0 dién c& nho doi hoi tinh ém diu
cao, vi vay dé mo ta dong luc hoc, bai bdo s
dung mé hinh dong luc hoc khong gian tong
quat ap dung cho 6 to dién 5 chd do Viét Nam
san xuit ¢6 2 cau (cu trude chii dong) 1a dbi
xtng theo truc doc ctia xe, than xe 1 mot tim
phang c6 khéi luong M dit tai trong tam [3].
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Hinh 2. M6 hinh khéng gian cua xe 6 to dién
VFe34

Trong bai todn xét dao dong cua xe khi
chuyén dong thang, than xe c6 3 chuyén dong
(3 béc tu do) gom: chuyén dong tinh tién theo
truc thang dung z, goc lic ngang ¢, — quay
quanh truc x va goc lac doc ¢, — quay quanh
truc y; Than xe dugc ndi véi cic cau xe thong
qua hé thong treo dac trung badi cac do cung C;

va hé s can glam chan K, (1:1 — trudce, 2 — sau;
j=1+2); Cac cau xe (cu tru:oc — 1, cau sau —
2) 1a cac khéi lwong khong duoc treo duoc coi
nhu cac chat diém co khéi luong m, , m

Al Al12°

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 318, thang 8 nim 2024 121
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

m,, dat tai trong tdm cua ching. Cac cau xe
co chuyen dong tinh tién theo truc thang dimg
(?;AH, - &Az) Banh xe dan hoi 1a bo phan lién
ket cau xe véi mat duong bang, dac trung boi
d6 ctg CLij; Bo qua thanh phan can cua 16p;
Bo qua tac dong cua gié dén chuyén dong cia
xe; Banh xe tiép xtc diém voi mat duong. Véi
cac gia thiét cau tric nhu vay thi mé hinh dong
luc hoc xe 6 td dién ¢& nhé co thé duge md ta
theo cac thé hién nhu hinh 2 [4].

2.2. Xay dung hé phwong trinh vi phin mo
ta dao dong xe

2.2.1. Phwong trinh vi phin mé ti chuyén
dong cua cac vit

Bang phuong phap tach vat va dit cac
ngoai lyc 1én timg vat 14 cac phan luc lién két
gitra cac vat, sau do thiét 1ap cac phuong trinh vi
phan mé ta chuyén dong cua ting vat theo cac

toa do suy rong dé xay dung hé phuong trinh vi
phan mo ta dao dong cua xe. Cac phuong trinh
nay dugc thiét 1ap nho phuong phap cén bang
luc va md-men tac dong 1€n vat [5].

Hé phuong trinh vi phan mod ta dao
dong cua xe dugc mo ta nhu sau:

MZ=Feyt+ Fyt Foppt Frppt Fogy t Byt Fop + By

Jo=-1 (Ferr Feurt Fonnt Fenn )+ b (Fear+ B Pt Fn)

729, = by (Fets i Fenn Fran )+ Wi (Fon+ Fien - Fon- Fn)

m 8= oo+ Forn) - oyt By + Fogp + Fiay) 1))
T 1529200~ b3 (P~ Fam ) + Wa (Ben + Fenn~ Fon~ B )

m 1 €an= FCLll'(FC11+ Fx_u)

M 5 Gu, Fop- (Fqurqu)

Trong str dung mot sb thong sd két cau
& bang 1, véi mot s6 thong sd tham khao tir
xe nguyén ban Vinfast Vfe34, mot s6 thong sd
duogc xac dinh tir phuong phap do truc tiép va
quy doi.

Bdng 1. Théng so sir dung trong tinh todn mé phong dong lic hoc [6]

TT Théng sb Ky hiéu Gia tri Pon vi
1 | Gia téc trong truong g 9,81 m/s?
2 | Hésb can lan f 0,02
3 | Ban kinh tinh banh xe rt 0,325 m
4 | Po cling hé thong treo trudce C,.C, 31250 N/m
5 | Do cling hé théng treo sau C,,C, 58200 N/m
6 | Hé s can giam chin trude K, K, 1090 N.s/m
7 | Hé s6 can giam chin sau K,,K, 1450 N.s/m
8 | Do cing hudng kinh 16p trude C.,C, 62500 N/m
9 | P clmg huéng kinh 16p sau Cp,p Cppy 62500 N/m
10 | Khéi lugng khong dugce treo trude m, 140 kg
11 | Khbi lugng khong dugc treo sau m,, 200 kg
12 | Khoi lugng toan bo xe day tai M 1860 kg
13 | Khéi lugng toan bd phan cho cau trude M, 870 kg
14 | Khéi lugng toan bd phan cho cau sau M, 670 kg
15 | Chiéu dai toan b ciia xe L, 43 m
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16 | Chiéu rong toan b cua xe B, 1,77 m

17 | Chiéu cao toan bd cua xe H,, 1,61 m

18 | Chiéu dai co so L 2,61 m

19 | Mot nira khoang cach vét banh xe trudc b, 0.745 m

20 | Mot nira khoang cach vét banh xe sau b, 0.745 m

21 | Mot ntra khoang céch treo sau w, 0.67 m

2 Mo6-men quan tinh khoi lugng cua than xe quanh I 1400 Kg.m?
truc doc x *

73 Mo-men quan tinh khoi lugng ctia than xe quanh I 2600 Ke.m?
truc ngang y y

4 Moé-men quan tinh khoi lugng cia cau sau quanh I 250 Ke.m?
truc doc x Ax2

Trong cac théng s trén, cac thong sd
vé khbi lugng, kich thudc dugc tham khao tur
catalog ciia nha san xuét va do truc tiép trén
xe. Cac mo-men quan tinh dugc tinh gan ding
theo phuong phap khéi dong chat. Cac thong sb
ctia hé thong treo, 10 xo nhu do ciimg, hé s6 can
giam chan dugc tham khao.

3. KET QUA VA PANH GIA

Nhiing nghién ctu trude diy da chi ra
rang: cac thong sb két ciu cta hé thong treo c6
thé anh hudng dén cac chi tiéu dao dong 1a do
cimg C va hé sé can K. Duéi day sé lan luot
trinh bay mot s6 khao sat anh hudng cua cac
thong s6 trén dén dao dong ciia xe. Dé khao sat,
ham kich dong ciing 1a map moé mat dudng theo
tiéu chuan ISO [7]. Céac thong sd khao sat trén
mot md-dun cho cau sau. Nghién ctru trén loai
duong trung binh (C-D) cho xe chay véi van
toc 35-50 km/h.

3.1. Nghién ctru 4nh hwéng cia d¢ cing C

Khao sat do ctrg 10 xo trudc C, va sau
C, .thay doi trong dai [0,5: 1,‘5]*C1, [0,5‘:1,5']*C2
v6i budce hé s6 1a 0,1 x&c dinh dugce gia tri cac
thong so: gia toc thang ding cuc dai ctua than

xe (Zmaz)» hé 6 tai trong dong cuc dai (k i)

hé sé tai trong dong cuc tiéu Ky i) dé danh
gia.

Két qua khao sat anh huong cia do
cung C,, C, cta h¢ thdng treo trude va sau dén
gia toc dao dong thang dung cuc dai cta than
xe thé hién trén do thi hinh 3 va hinh 4. Két qua
cho thay: Khi 6 t6 di trén duong trung binh (C-
D), v&i mdi gia tri van tde khao sat, gia toc cuc
dai cua khéi lugng dugc treo déu vuot ngudng
can thi¢p. Khi C | tang dan, gia téc dao dong
thang dimg cuc dai giam dan. Nhu vay, trong
thiét ké dé cai thién d6 ém dju cho hanh khach,
can chon d cimg sao cho pht hop. Khi C,, tang
dan, gia toc dao dong thang dirng cuc dai cling
tang dan va tt ca cac gia tri déu dudi ngudng
canh bao. Nhu vay, xe ddm bao dugc chi tiéu an
toan cho hang hoa va nguoi ngdi trén xe.

Hinh 3. Khao sat sy anh huong cua C, dén gia toc
cuc dai trén mat dwong C-D
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Hinh 4. Khao sat sy anh huong cua C,, dén gia toc
cuce dai trén mat duong C-D

Khi 6 t6 di trén duong trung binh (C-D)
v6i moi gia tri van toc tir 35-50 km/h, moi gia
tri ctia hé s6 tai trong dong cuc dai ciia phan
luc thing dung tir mat dudng tac dong 1én cac
banh xe déu dudi ngudng 2,5. V&i mdi gia tri
van ‘Féc khao sat trén hinh 5, khi C | tdng dan,
hé s0 tai trong dong cuc dai c6 xu hudng giam
dan. Véi mdi gia tri van tdc khao sat trén hinh
6, khi C, tang dan, hé sb téivtr()ng dong cuc
dai nhin chung khong thay do6i. Nhu vay, khi
ting do cimg cua hé thong treo trudc va sau sé
khong lam tang gia tri tai trong dong tac dong
ctia banh xe phia sau va dudng. Di nhién, can
phai két hop véi mot nghién ctru tong thé vé
tinh toan thiét ké va khao nghiém d6 bén két
céu 6 t6 dé c6 dugc phuong an hop 1y.

0.78
0.775
077
3
§ 0.765
£ B
0,76 I[=—350cmh) ©
: 40(kmh)
a—45(kmh)
0.753 50(kmih)
0.75 :
1 2 3 4 5

C11 (Mim) 10*

Hinh 5. Khdo sdt sw anh hiéng ciia C,, dén hé so
tai trong dong trén mat duong C-D
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Hinh 6. Khao sat sy anh huong cua C,, dén hé sé
tdi trong dong trén mat dwong C-D

Khi C tang dan thi cac gi tri goc lac
doc cling tdng dan, ciling c6 nghia la khi tang do
clmg cua hé thdng treo trudc sé lam ting hé sd
9, viéc nay s& anh huong dén dao dong cua xe
the hién trén hinh 7. Vi thé, trong thiét ké nén
giam d¢ cimg C, cua hé théng treo trudc. Khi
C, tang dan thi cic gia tri goc lac doc ciing
tang dan, cling c6 nghia la khi téng dd cung cua
hé thong treo sau s& lam ting hé sd O viéc nay
s€ anh huong dén dao dong cia xe. Chinh vi
thq, trong thiét k(? nén giam dg cliing ‘CZI cua hg
thong treo sau thé hién trén hinh 8. Can phai két
hop v6i mot nghién ctru tong thé vé tinh toan
thiét ké va khao nghiém d¢ bén két cau 6 to dé

c6 duoc phuong an hop ly.
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Hinh 7. Khéo sdt sw danh huong ciia C,, dén hé so
9, trén mat dwong C-D
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Hinh 8. Khao sat sy anh huong cua C,, dén hé so

¢, trén mat duwong C-D
3.2. Anh huwéng ciia hé s6 cin giam chén

Trong khdo sat nay, xe chay véi céac
van toc tir 35-50 km/h trén loai duong trung
binh (C-D). Cho K,, K, thay dbi trong dai
[0,5:1,51*K , [0,5: 1,5]*K, v6i bude hé s6 la
0,1 xac dinh dugc cac gia tri dé danh gia bao
gdm gia tdc thing dimg cuc dai cua than xe
( imax), hé sb tai trong dong cuc dai (k dijm),

h¢ s6 tai trong dong cuc tiéu (kg ).

=4
L .
: .lll—j;“..'__.'—-ll—-_—a__'_- -
- r T i
g,
; == Emh
2t FEmN}
o= 4% KT}
19k | S EmT|
b | F_ . R N TR,

B} ] Ty 1200 1400 16N

£17 745

Hinh 9. Khao sat sy anh huong cua K, dén gia toc

cuc dai trén mat duong C-D
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Hinh 10. Khao sat sy anh huong cua K, dén gia
toc cuc dai trén mat duong C-D

‘ Véi m(x)’i gia tri van tég khao sat, khi K
tdng dan, gia toc dao dong thang ding cuc dai
s& giam dan. Chinh vi thé, trong thiét ké dé cai
thién do an toan cho hang hoa, nén ting hé sd
can giam c,hén K, cua h¢ thong treo trude. Két
qua cho thay: Khi 0 t6 di trén duong trung binh
(C-D), v6i gia tri van tdc khao sat 35-50 km/h,
khj K, tdng dan, tit ca gig’l tri gia téc dao dong
thang dung cuc dai s€ déu dudi ngudng canh
bao. Chinh vi thé, trong thiét ké dé cai thién do
an toan cho hang hoa, nén chon h¢ s6 can giam
chin K, cua hé théng treo sau sao cho phu hop.

07T p—"—""

0.7654

kdmax2

0.76
I )
600 800

1000 1200 1400 1600

K1 (M.s/m)

Hinh 11. Khdo sdt sw dnh huong cia K, dén hé s6
tai trong dong trén mat dwong C-D
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Hinh 12. Khdo sat su anh huong ciia K,, dén hé so
tdi trong dong trén mat duwong C-D

Khi 6 t6 di trén duong trung binh (C-D)
v&1 moi gia tri van tdc tir 35-50 km/h, moi gia
tri ctia hé sd tai trong dong cuc dai ciia phéan luc
thang dmg tir mat duong tac dong 1én céc banh
xe déu dudi ngudng 2,5. V6i mdi gid tri van
tdc khao sat, khi K, ting dﬁnz hé sb tai trong
dong cuc dai cua phan lyc thang ding tor mat
duong tac dong 1én cac banh xe s& giam dan.
Nhu vay, khi tang hé sb can giam chin cua hé
thdng treo sau s& 1am giam gia tri tai trong dong
tac dong dén xe va duong, viéc nay lam giam
muc do anh huong x4u dén dd bén cua cac chi
tiét trén xe va anh huong dén cau dudong. Chinh
vi thé,, trong thiét ké nén ting hé sb can K, cua
hé thong treo trudc.
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Hinh 13. Khdo sat su anh huong ciia K, dén hé s6
@, trén mat dwong C-D
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Hinh 14. Khao sat sy anh huong cua K, dén hé s6
¢, trén mat dwong C-D

Hinh 14 thé hién két qua khao sat anh
h,u("mg ctia hé sb can giam chin K, dén géc
lac doc @ cua banh sau sau khi 6 t6 chuyén
dong trén loai duong trung binh C-D trong dai
van toc khao sat tir 35-50 km/h. Trén db thi, khi
tang hé s6 can giam chan thi goc lic doc cuc
dai c6 xu hudng giam dan, nhu vay tot cho dao
dong cua xe, tang sy ém diu. Vi vay, dé tang
su ém diu trong thiét ké s& ting hé s6 can giam
chan K,

Két qua trén cac hinh v& cho thay: Khi
0 t0 di trén duodng trung binh (C-D) v6i moi gia
tri van tbc tir 35-50 km/h, moi gia trj ctia hé sb
tai trong dong cuc dai cta phan luc thang ding
tr mat dudng tac dong 1én cac banh xe déu
du6i ngudng 2,5. Vi mdi gia tri van toc khao
sat, khi K, tang dﬁg, hé sb tai trong dong cuc
dai cua phan lyc thang dung tor mat duong tac
dong lén cac banh xe nhin chung khong thay
d6i. Nhu vay, khi ting hé s6 can giam chan cua
hé thong treo sau s& lam giam gia tri tai trong
dong tac dong dén xe va duong, viéc nay lam
giam mirc d6 anh hudng xau dén d6 bén cua cac
chi tiét trén xe va anh huong dén cau duong.

Hinh 3.23 thé hién két qua khao sat
anh huong cua h¢ so can giam chan K dén
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goc quay @ cuc dai ctuia banh sau sau khi 6 t6
chuyén dong trén loai dudng trung binh C-D
trong dai van tdc khao sat tir 35-50 km/h. Trén
d6 thi, khi tang hé s6 can giam chén thi goc lic
doc cuc dai c6 xu hudng giam dan, nhu vay tdt
cho dao dong cua xe, tang su €ém diu. Vi vay, dé
tang sy ém diu trong thiét ké s& tang hé s can
giam chin K..

4. KET LUAN

Nghién cuu da khao sat anh hudng cua
d6 cung va hé sé can giam chin cta hé thong
treo sau. Két qua theo cac chi tiéu vé an toan
dong luc hoc va an toan hang héa cho théy
réng, hé treo mém cung voi hé s6 can 16m s& ¢
loi hon.

Két qua nghién ciu da danh gia dao
dong 6 t6 dién c¢d nhé dua trén phén mém mo
phong Matlab Simulink. Cac thong sé danh gia
duoc lya chon theo cac chi tiéu dao dong va
dugc xac dinh bang cach tinh toan mo phong
dua trén mo hinh dong luc hoc téng quat cua
o t6 dién véi cac diéu kién chuyén dong thing
trén cac loai mat duong theo tiéu chuén ISO.

ba xay dyng mo hinh dong luc hoc
tong quat ctia 6 to v6i kich dong tir map mo
mit duong 1a ngau nhién dugc xac dinh theo
tiéu chuan ISO 8608:2016 dé danh gia dao
dong cua 6 t6 dién. St dung cong cy Simulink
trong phan mém chuyén dung Matlab dé giai
cac phuong trinh vi phan chuyen dong va cho
két qua 1a chuyen vi, van toc, gia toc cua cac
khoi lwong, cac két qua tai trong dong chinh 1a
hé s6 tai trong dong. Két qua khao sat dao dong
dong luc hoc duoc xac dinh trong diéu kién 6 to
dién chuyén dong trén loai dudng C-D cho thay
6 to di dat yéu cau vé dao dong.

Bai bao str dung bién dang map mo mit
duong theo tiéu chudn ISO 8608:2016, chua co
duoc sy thi nghiém thyc tién cia sy map mo
duong thuc té & Viét Nam dé c6 duoge két qua
nghién ctru sat thuc hon. Chua phan tich dao
dong cuia 6 to trong mot sd bai toan thyc té khi
xe chay trén duong nhu ting toc, phanh hay
quay vong. Can c6 mot nghién ciru hoan chinh
hon dé danh gia dao dong 6 t6 trong cac trudng
hop nay. <
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