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TOM TAT

Nghién curu dwoc thyc hién nham danh gid déng thoi dg bén co hoc va
ddc tinh dong luc hoc cua hé théng treo nhip la trén xe Toyota Land
Cruiser HI60LG-MZ bang cdch két hop phuong phap phan tir hitu han
(FEM) va mé hinh héa mot phan tw xe. Két qua FEM cho thay ng
sudt Von-Mises cuwc dai dat 437,3 MPa tqi vung mdt nhip va chuyen Vi
16m nhat Ia 4,39 mm tai tam nhip. H¢ 56 an toan tir 2,7 dén 3,9 chi ra
két cau van hanh én dinh trong mién bién dang dan hoéi. Viéc mé phong
déng liee hoc cho thdy chi sé gia toc hiéu dung (arus) dat tir 0,73 dén
0,96 m/s? twong iimg mirc do tie “khd khé chiu” dén “khé chiu” theo
tiéu chudn ISO 2631-1:1997. Bén canh dé, mot phwong phdp tiép cin
tich hop moi da duwgc de xuat cho phép ddanh gid toan dién hé thong
tir @6 bén két cdu @én hiéu suét van hanh. DPay la co so khoa hoc quan
trong trong viéc dinh luong dac tinh dong hoc va 16i wu héa thiét ké
hé thong treo nhip la trén cac dong xe SUV va xe tdi hang nhe.

Tir khéa: Gia toc hiéu dung, hé thong treo nhip ld, mé hinh mét phan
tw xe, mo phong dong luc hoc

ABSTRACT

This study presents an integrated evaluation of the mechanical
strength and dynamic characteristics of a leaf spring suspension
system for the Toyota Land Cruiser HI60LG-MZ SUV by combining
the Finite Element Method (FEM) and a quarter-car modeling
approach. FEM results indicate that the maximum Von Mises stress
reaches 437.3 MPa at the spring eye region, while the maximum
displacement of 4.39 mm occurs at the center of the leaf spring. The
safety factor ranges from 2.7 to 3.9, confirming that the structure
operates within the elastic deformation regime. Dynamic simulations
showed that the root mean square acceleration (arus) varies from 0.73
m/s? to 0.96 m/s? corresponding to ride comfort levels from ‘fairly
uncomfortable” to ‘“‘uncomfortable” according to the ISO 2631-
1:1997 standard. The study proposes a novel integrated approach that
enables a comprehensive assessment of the suspension system from
structural durability to operational performance. The findings provide
a significant scientific basis for quantifying dynamic behavior and
optimizing the design of leaf spring suspension systems in SUVs and
light-duty trucks.

Keywords: Dynamics simulation, leaf spring suspension system,
quarter-car model, root Mean Square Acceleration
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1. GIOI THIEU

Trong bi canh nganh cong nghiép 6 to ngay
cang chu trong vao trai nghiém nguoi dung, viéc
nghién ctru toi wu hoa hé thong treo tré' thanh nhiém
vu cép thiét nham cén bang gitra d6 ém diu va tinh
6n dinh chuyén dong. Nho vu diém vé chi phi va
tinh linh hoat, cac phuong phap mé phong so dang
dan thay thé cac thir nghiém truyén thong trong viée
danh gia ddc tinh dong luc hoc cua phuong tién. Cac
nghién ctru hién dai khi dugc thuc hién chi yéu tiép
can theo hai huéng: (i) xdy dung mo hinh toan hoc
va moé phong dong luc hoc trén nén tang
MATLAB/Simulink va (ii) phan tich trang thai ing
suat va bién dang cua két ciu bang phuong phap
phan tir hitu han (Finite Element Method-FEM)
thong qua céac cong cu CAE chuyén dung.

Trong linh vuc nghién ciru dao dong 6 t6, md
hinh dong lyc hoc mot phin tur xe (Quarter-car
model) dugc ing dung rong rii nhu mot cong cu nén
tang dé phan tich va danh gia ¢ ém diu ciia chuyén
dong. Dién hinh, Jiregna and Sirata (2020) da thuc
hién nghién ctru téng quan dya trén mé hinh nay
nham cung cip cai nhin toan dién vé dic tinh ky
thuét cta cac loai hé théng treo hién nay. Cu thé hoa
huéng tiép can trén, Jamali et al. (2017) da thiét lap
hé phuong trinh toan hoc va xay dung moéi truong
mé phong trén MATLAB/Simulink cho hé théng
treo bi dong cuia xe dién trong lugng nhe. Bﬁmg cach
4p dung phuong phap tach hé dé xay dung phuong
trinh chuyén dong, nhom tac gia da phan tich thanh
cong dap ung dao dong ciia hé thong, tir 46 xac dinh
cac dac tinh dong luc hoc cbt 161 cua phuong tién.

Pham vi nghién ctru dugc mo rong sang cac hé
thong treo thong minh, Huong va ctv. (2022) da
thiét 1ap mo hinh mo phong mot phan tu xe trén nén
tang MATLAB/Simulink nham khao sat dap tmg
dao dong cuia h¢ thong treo chu dong. Nghién ciru
dac biét chu trong dén dac tinh cua co cu chéip hanh
thuy lyc, str dung bd thong s6 thuc té tur ph?m mém
CarSim dudi tac dong cua kich thich mat duong
dang ham sin dé dinh lwong mirc d cai thién dd ém
diu va tinh 6n dinh. Song song véi hudng tiép can
d6, Ha (2021) da thuc hién viéc phan tich so sanh
hiéu suét giira hé thong treo ban chu dong sir dung
giam chan tir héa (MR) va hé thdng treo bi dong.
Thong qua viéc khao sat dudi cac kich ban kich
thich dang bac thang va ngau nhién, két qua nghién
ctru dd lam 16 nhing wu diém vuot troi cua cong
nghé giam chin bién thién trong viéc kiém soat dong
lyc hoc phuong tién.

229

Tién t6i quy md nghién ctru hé thong tong thé,
Quan va Chiic (2020) da phat trién mé hinh dong luc
hoc hé théng treo tich cuc toan xe (Full-car model).
Nhom tac gia da ung dung 1y thuyét didu khién t6i
vu dé thiét ké bo didu khién LQR (Linear Quadratic
Regulator) trén co s& khong gian trang thai, dugc
thuc thi trong moi truong MATLAB/Simulink.

Song song véi cac phan tich vé dong luc hoc,
huéng tiép can bang phuong phap phan tir hitu han
(FEM) ciing duoc nhiéu nha nghién ctu dic biét
quan tim nham danh gia do bén va trang thai ing
sudt ctia hé thong treo nhip 1a. Dién hinh, Lap va
Huyén (2017) da xay dung mo hinh hinh hoc 3D chi
tiét cua bo nhip 14 xe khach BS090 trén phan mém
CATIA, tir @6 phéan tich dac tinh chiu tai dudi cac
diéu kién bién phuc tap. Tuong ty, Tin va Puc
(2022) da ung dung quy trinh CAE chuyén sau
thong qua viéc két hop cong cu tién xir ly
HyperMesh va bg giai OptiStruct dé khao sat do bén
tinh cho bd nhip 14 xe tai nhe KIA Frontier, qua d6
chc vung tap trung Gmg sudt dudi cac ché do tai trong
khac nhau da dugc x4c dinh.

Tuy nhién, phan l6n cac nghién ctru hién tai khi
dugc tién hanh van con tiép can theo huong tach roi
gitra mo phong dong lyc hoc va danh gia do bén két
chu, dong thoi chi yéu gidi han trong cac diéu kién
tai trong danh dinh. Cach tiép can nay chura phan dnh
déy du hanh vi lam viéc thyuc té cua hé théng treo,
dac biét trong cac trang thai tai trong bién hodc vuogt
qué gi6i han thiét ké, noi cac hiéu ng phi tuyén va
hién twong tap trung Gmg suét co the anh hudng dang
ké dén 4o tin cay va tudi tho két cu.

Trén co s& d6, mot phuong phép tiép can két hop
gilta mo phong dong luc hoc da vat thé trén
MATLAB/Simulink va phan tich phan tir hiru han
(FEM) trén Autodesk Inventor Nastran da dugc dé
xuét trong nghién ctru, diéu nay nham danh gia dong
thoi ddc tinh dao dong, trang thai img sudt va bién
dang dan hoi cua hé thong treo nhip la. Dlem mai
clia nghién ctru ndm & viéc mé rong mién khao sat
sang truong hop tai trong vuot muic cho phép cua
nha san xuat, qua d6 cho phép danh gia kha ning
chiu tai trong diéu kién 1am viéc khic nghiét. Cach
tiép can nay khong chi gop phan kiém ching d¢ 6n
dinh dong lyc hoc ma con cung cép co s¢ khoa hoc
cho viéc danh gia 4o bén va tinh bén bi cua két cAu
trong diéu kién van hanh thuc té.

2. PHUONG PHAP NGHIEN CUU
2.1. Khio sat mé hinh

Dit liéu thong s6 ky thuat cua hé thdng treo nhip
la dugc thu thap truc tiép tr mo hinh xe Toyota Land
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Cruiser HJI60LG-MZ (phién ban san xudt boi
Toyota Motor Corporation, 1989) tai Phong thuc
hanh O t6 (Hinh 1). Quy trinh khao sat thuc té, bao
gém cac cong doan théo lép va do dac chi tiét, dugc
thyc hién tai Phong thyc hanh O t6, Trudng Bach

a) Xe Toyota Land Cruiser HI60LG-MZ
Hinh 1. Mé hinh xe khdo sat va b nhip 14 lip trén ciu truéc

Bing 1. Thong sb hinh hoc ciia cic 14 nhip

Théng s6 Gia tri
S6lanhip 7
Khoang céch gitra hai mat nhip L 1.067
(mm)
b6 vong f (mm) 113
Chiéu rong (mm) 70
Chiéu day tai tim nhip h (mm) 47,6
1.067;
Chiéu dai cac 14 nhip theo thir ty ~ 1.067; 930;
(mm) 820; 576;
415; 280

2.2. Thiét 1ap mé hinh phan tir hiru han
2.2.1. Phuong phap mé phong

Trong nghién ctru nay, phuong phap phan tich
phan tir hitu han di duoc sir dung dé mo phong va
danh gia dac tinh lam viéc cling nhu khéa nang chiu
bén ciia cum nhip 14 trong hé thdng treo 6 to.

Hinh 2. Mé hinh 3D cum nhip 14 dwgc biéu dién
trén phan mém Autodessk Inventor

Hinh 2 thé hién mé hinh 3D cia cum nhip 14
duogc thi@t 1ap trong moi truong CAD dya trén cac
gia thuyét don gian hoéa phu hop. Qua trinh roi rac

khoa - Pai hoc Can Tho. Cac thong s6 hinh hoc cua
cac 14 nhip dugc téng hop & Bang 1. Viée thuc
nghiém tai co s& chuyén mén dam bao tinh chinh
xac cua cac thong s6 dau vao, phuc vu cho qua trinh
x4y dung mé hinh mé phéng sb & cac budc tiép theo.
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b) B9 nhip 14 trén cau trudce

héa mé hinh duge thuc hién bang phuong phap chia
ludi phan tir hiru han, nghién ctru thyc hién k1em tra
hoi tu ludi bang cach so sanh gia tri mg suit Von-
Mises khi thay d6i kich thudc phan tir lan luot 1a 3
mm, 5 mm va 7 mm). Két qua cho thiy khi giam
kich thudc phan tir tir 5 mm xubng 3 mm hodc ting
tir 5 mm Ién 7 mm, sy thay ddi cua (mg suat 1a khong
dang ké, véi sai s tuong ddi nhé hon 5%. Trong khi
do6, viéc tiép tuc 1am min ludi lam gia ting déng ké
thoi gian tinh toan ma khong cai thién dang ké do
chinh xac. Do @0, kich thuéc phan tir 5 mm duoc
chon nhu mot phuong an t6i wu, dam bao can bang
gitta do chinh xac va hiéu qua tinh toan. Bén canh
d6, Singh va Saha (2015) cling da su dung kich
thudc phan tir 5 mm cho mé hinh FEM caa minh.
Do d6, kich thudc luéi 5 mm duoc chon nham dam
bao d6 chinh x4c cia két qua dong thoi duy tri hidu
qua tinh toan.

Hinh 3. Chia lwéi phén tir véi kich thuée 5 mm

Bén canh do, viéc thiét 1ap tai trong thing dimg
tap trung tai vi tri tdm bd nhip ciing da duoc thuc
hién nhu minh hoa tai Hinh 3 (Sivasankar &
Ramanathan, 2015). V& diéu kién bién, c4c lién két
duoc thiét lap nhim mé phong chinh xéc trang thai
lam viéc thuc té cua hé théng Hinh 4. Tai mét nhip
thir nhat: thiét lap lién két khép ban 18 voi khung xe
béng chdt bu-l6ng, thyc hién khéng ché 5 bac tu do
va chi cho phép bac ty do xoay quanh truc Z. Tai
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mét nhip thtr hai: lién két voi quang treo (shackle)
dugc mo phong bang cach khdng ché 4 bac tu do,
cho phép hai chuyén dong con lai 1a xoay quanh truc
Z va dich chuyén tinh tién doc truc Y dé thich ung
v6i bién dang chiéu dai cia nhip khi chiu tai. Cac

a) Rang budc mit nhip thir nhat

thiét 1ap nay tuan thu cac - phuong phap luén da dugc
kiém chimg trong nhidu nghién ctu lién quan
(Tadesse & Fatoba, 2022; Ashok et al., 2012; Lap
va Huyén, 2017; Saini et al., 2013; Sivasankar &
Ramanathan, 2015).

b) Rang budc mit nhip th hai

Hinh 4. Rang budc diéu kién bién cho cac 14 nhip

Theo tiéu chuan IS 3431:1982 (Bureau of Indian
Standards, 1982), cac dong thép hgp kim silic-
mangan va crom-vanadi nhu 55Si7, 60Si7, 65Si7,
50Cr4V2 hoac 60Cr4V2 la nhiing vat li¢u dién hinh
dugc ng dung trong ché tao nhip 14 nho dic tinh
dan hoi wu viét. Trong nghién ctru nay, thép 65Si7
duoc lua chon lam vat liéu dau vao cho mé hinh mé
phong. Su lya chon nay dua trén ham lugng carbon
va silicon tdi wu, gitp vat liu dat dugc gidi han dan
hdi cao (Re), do bén kéo 16n (Rm) va kha ning
chéng moi vuot trdi sau cac chu ky bién dang tai
trong. Viéc img dung thép 65Si7 khong chi phan anh
sat thyc té san xuat cong nghiép ma con cung cb do

Dong thoi, thanh phan hoa hoc dinh tinh ciia thép
65Si7 dugc xéac 1ap tuan tha tiéu chuin DIN-65Si7,
nhim dam bao sy twong thich vé dic tinh luyén kim
ctia vat liéu trong mé hinh mé phong. Chi tiét vé ti
16 cic nguyén té hop kim nhu cacbon, silic va
mangan duoc téng hop tai Bang 3 dwa trén dit lidu
ky thuat tr (Ltd. Ju Feng Special Steel Co, 2025).
Viéc xac dinh chinh x4c thanh phan héa hoc nay 1a
co s& quan trong dé 1y giai cho cac dic tinh co 1y uu
viét ctia bo nhip trong cic diéu kién lam viéc khic
nghiét.

Bang 2. Thong s6 co hoc ciia thép DIN 65Si7

tin cdy cho cdc phan tich ve timg sugt va do bén kgt Théng sb Ki hiéu Gia tri
cau cua h¢ thong treo. Céac thong so co‘tinh chi tié} Young’s Modulus (N/mm?) E 2,1.10°
cua thép 65Si7, bao gom mo-dun dan hoi (E), hé so Poisson Ratio v 0,266
PQisson .(Av) V%l gidi han bé?, duoc Vténg‘ hqp dua‘l tréq Density (kg/mm?) p 785107
cac nghién ctiru thyc nghiém uy tin va trinh bay tai . . S
Bang 2 (Ashok et al., 2012; Saini et al., 2013; Tensile Strength Yield (MPa) y 1180
Sivasankar & Ramanathan’ 201 5) Tensile Strength Ultimate (MPa) ST 1500
Bang 3. Thanh phin héa hoc ciia thép DIN 65Si7
Nhiin thép C (%) Si (%) Mn (%) P (%) S (%) Cr (%)
DIN 65Si7 0,60—0,68 1,50—1,80 0,70—1,00 0,05 (tbida) 0,05 (t6i da) 0.4 (t6i da)

2.2.2. Truong hop mé phong

Trong nghién ctru nay, bo thong s6 k¥ thuat thyuc
té ctia dong xe Toyota Land Cruiser HJ60LG-MZ da
duoc str dung, voi khéi luwong khong tai dat 2.000 kg
va khéi lwong toan tai dinh mirc 14 2.610 kg (Toyota
Motor Sales Co., 1988). Pé danh gia toan dién dic
tinh dan hoi va trang thai phan bd ing suét, cum nhip
1a duoc khao sat dudi bon cip do tai trong tinh thang
dtng khéc nhau. Tai trong mé phong duoc thiét lap
tai vi tri tAm cua 14 nhip chinh (main leaf), m6 phong
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phan lic tir cau xe tac dung 1én hé thong treo. Dua
trén gia thiét phan bo tai trong 1y twong tai bdn vi tri
goc xe, mdi cum nhip duge xac dinh chiu ap luc
tuong duong véi 25% tong trong lugng phuong tién.
Céc kich ban m6 phdng twong Ging véi céc trang thai
tai trong nay duoc chi tiét hoa tai Béng 4, tao co so
dir liéu dé so sanh dap tng ciia hé thong giita trang
thai khong tai va toan tai.

Biéu thuc (1) xac dinh tai trong tac dung 1én cum
nhip 1a:
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6]
Trong do6:

Bing 4. Cac truomg hgp mé phéng tai trong thue té

P; 1a tai trong tac dung Ién hé treo (N),
m; 1a khéi lugng xe & mdi truong hop i (kg),

g 1a gia toc trong trudng (m/s?).

Truong hop Trang thai mi (kg) Pi (N)
1 Khong tai 2.000 4.905
2 Ntra tai 2.305 5.653
3 Toan tai 2.610 6.401
4 Qué tai (mdt phan hai toan tai) 2.915 7.149

2.2.3. Pdnh gid két qua

Thuyét bén Von-Mises dd dwoc minh chimg 1a
tidu chudn ti wu trong viéc danh gia trang thai giéi
han cua cac két chu thép dudi tac dong cua ca tai
trong tinh va tai trong dong. Pac biét, trong cac phan
tich phan tir hitu han (FEA) danh cho cac cum chi
tiét 6 t6 c6 hinh dang va trang thai tmg suat phirc tap
nhu nhip 14, tiéu chuin nay cho phép xac dinh chinh
X4c cic ving tap trung g suét va nguy co gy pha
hay déo (Lap & Huyén, 2017; Tin & Biic, 2022).

Tiéu chuén Von-Mises cho két qua danh gia sat
v6i thue nghiém ddi véi vat liéu thép lam viéc trong
vung dan hoi. Ung sut Von-Mises cuc dai dugc st
dung dé so sanh véi gidi han chay cua vat licu nham
danh gia diéu kién bén va tinh an toan cta bd nhip
la vai cac truong hop tai (Shigley et al., 1985).

Biéu thirc (2) hé s an toan:

Sy

OV-max

2

n

Trong d6:

nla hé s6 an toan,

Sy la g sudt gidi han cua vat ligu (MPa),
Gv-max 12 (mg suat chay gidi han vat liéu (MPa).
2.3. Thiét 1ap mé hinh héa dong lwe hoc
2.3.1. Xay dung mé hinh héa m¢ot phan tu xe

Hé théng treo bi dong dugc dinh nghia 1a mot
cAu trac co hoc tich hop cac phan tir dan hdi va giam
chin voi thong s dic tinh ¢b dinh, c6 so dd nhu
Hinh 5. H¢ thong nay déng vai tro then chdt trong
viéc truyén tai va diéu phdi lyc tuong tac giita than
xe va bé mat duong, nham tdi wu hoa sy can bang
giita 6 ém dju chuyén dong va tinh 6n dinh hudng.
bé phan tich cac dac trung dong luc hoc nay, mo
hinh mét phan tu xe véi hai bac tu do thudng duge
ru tién thiét 1ap nhim mé phong dao dong thing
dtng cta phuong tién (Tang et al., 2014).
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M ]z
1
K C

M, B

Ko

Z,

Hinh 5. M6 hinh héa hé th("')ng treo bi dong mot
phan tw xe

Dya vao mo hinh (Hinh 5), phuong trinh m6 ta
hé dao dong dya trén nguyén ly D’Alembert c6 thé
duoc thiet 1&p véi cong thirc tong quat dugc trinh
bay nhu phuong trinh (3).

YF+F,=0 3)
Trong d6:
YFla téng ngoai lyc tac dung 1én hé (N),
Fg¢ 12 Iyc quan tinh ctia hé (N).
Véi: Fqe=-mid (4)
m 14 khéi lwong cua vat (kg),

d 1a gia toc, (m/s?).
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" |z
1

Fki Fc

Hinh 6. So dd lwc tac dung cia Kkhéi lwgng dugc
treo My
Phuong trinh dong luc hoc khéi lugng dugc treo

M; theo phuong Z; nhu so d6 Hinh 6 (Jiregna &
Sirata, 2020).

Fy + Fc — Fyy, = 0 (5)
Trong do:
Fiy = K((Z,—Z;) vaF¢ = C(Zl_ZZ) (6)
Suy ra:
MiZy = Ki(Zo = 20) + C(Z, = 21) (7))
FK1 FC

w 7

Fko

Hinh 7. So d6 hre tac dung I1én khoi lwgng khong
dwgc treo Mz

Phuong trinh dong luc hoc khdi }u’(_mg khong
duoc treo M; theo phuong Z, c6 so d6 nhu Hinh 7
(Jiregna & Sirata, 2020).

Frz —Fxa —Fc—Fy, =0 (8)
Trong d6:
Fy, = K;(Zo — Z5) ©)
Suy ra:
MyZ, = K,(Zy — Z,) — K{(Z, — Z1)
—C(Z, - 7,) (10)
Trong d6:

Mi, M; la khéi lugng dugc treo (than xe) va
khong dugc treo (bao gom cau, ban truc va banh xe)
(kg);

Z1, Z, lan luot 1a chuyén vi cua M; va My (m);

74, Z, 1an luot 1 van tdc ciia M va M (m/s);

71, Z, 1an luot 1a gia toc ciia M; va M, (m/s?);

K, K l1an Iuot 1a do ctng cua 16 xo va 16p xe
(N/m);

C la hé sb can giam chén (Ns/m).
2.3.2. Piéu kién mé phong

Gia thiét vé& sy phan tan tai trong dbi ximg cho
phép don gian hoa bai toan mé phong thong qua mo
hinh moét phﬁn tu xe, véi mdi phan doan chiu tai
trong tuong dwong 25% tong khdi lwong xe. Cac
tham s6 mo phong dugc trich xuat va ddi chiéu tir
c4c nghién ciru tidu biéu cua Imine et al (2006) va
Toyota Motor Sales Co. (1988), nhu ¢ Bang 5.
Thanh phan M, (khéi lwong dugc treo) két cAu nén
tr khung, vé va cac hé thong lap dat co dinh; trong
khi M, (khéi luong khong dugc treo) tap hop cac chi
tiét dong luc hoc phia dudi hé théng treo nhu cum
banh xe, moay-o, dém, céu, ban truc va cac chi tiét
lién két truc tiép voi banh xe.

Biéu thirc x4c dinh khéi lwong duoc treo duoc
tinh nhu cong thire (11):

— M

-M, (11)
Trong do:

M 12 khéi lwong thuc € xe chiu tai (kg),
M, 1a khédi duoc treo (kg),

M, 1a khéi khéng duoc treo (kg).

Bang 5. Cac truwomg hop tai trong trong méo
phéng dong luc hoc
TH Trangthai Mz (kg) Mi(kg) M:(kg)
1 Khong tai 2.000 400 100
2 Nira tai 2305 476,25 100
3 Toan tai 2.610 552,5 100

Bing 6. Thong sb ky thuit h¢ théng treo dong xe
SUV (Otkur et al,, 2022)

Ky hi¢u Gia tri

Ki(N/m) 80.000

K2 (N/m) 160.000

C (Ns/m) 5.246,65

Tham so

Do cung cua 10 xo
Do cung cta banh xe
Hg¢ s0 can giam chan
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Trong nghién ctu nay, bién dang hinh hoc cua
méap md mit duong duoc mé hinh hoa bang ham sin
ntra chu ky, véi chidu cao A (m) va chiéu dai L (m).
Céc thong sb dac tinh ham kich thich méap mé duoc
trinh bay trong Bang 7.

Phuong trinh biéu dién ham méap mé:

Asin(E), 0<x<L
L
0, x < 0hoacx > L

Zy(x) = { (12)

Trong d6:
Z(x) 12 cao d6 mép mé mat dudng tai x (m),
x 12 toa d6 theo phuong chuyén dong ngang (m),

A 1a chi€u cao cyc dai cia map mo (m),

L 1a chiéu dai cia map moé (m).

Bang 7. Thong s6 ciia mip mé mit duwong

Théng sb Ky hiéu  Gia tri
Bién d6 cuc dai (m) A 0,04
Chiéu rong (m) L 0,1
Van téc xe (km/h) v 40
Thoi diém bit dau (s) t) 2

2.3.3. Xdy dung mo hinh Simulink

Mo hinh dong lyc hoc cta hé théng treo nhip 1a
dya trén cdu trac mot phan tu xe (Quarter Car
Model) dugc thiét 1ap va thyc thi trong moi truong
Matlab/Simulink 2025. So dd cau tric mo phong,
phuc vu viéc phan tich cac bién trang thai bao gém
gia tdc dao dong va chuyén vi dong, dugc trinh bay
chi tiét tai Hinh 8 va Hinh 9.

40

V' Mapmo

.

Z_0 Chuyén vi than xe

)

Gia tbc than xe

>
Chuyén vi

Gia téc than xe >

Chuyén vi banh xe

Hinh 8. So' d6 khoi téng thé mé hinh hé théng treo mdt phin tw xe

Hinh 9. So' d6 khéi md phong hé théng treo mdt phan tw xe
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2.3.4. Padnh gid két qua

Trong linh vuc dong luc hoc 6 t6, viéc danh gia
d6 ém diu chuyén dong (ride comfort) dugc thuc
hién théng qua hé thong cac chi tiéu da dang nhu:
tan s6 dao dong riéng, gia tdc dao dong, hé s6 ém
diu va lugng dao dong tdi han (Quan va ctv., 2023).

Tuy nhién, xét dudi goc do phan tmg ctia co thé
ngudi dbi v6i rung dong toan than, gia toc dao dong
than xe, dac bi¢t 1a gid tri hiéu dung (arms) — dugc
gi6i chuyén mon cong nhan 1a chi s6 phan anh chinh
x4c nhat mure d6 tién nghi. Chi tiéu nay da duogc
chuan hoa qudc té theo tiéu chuan ISO 2631-1:1997
(Bang 8), cung cdp khung tham chiéu tin cdy vé
ngudng chiu dung cua con nguoi. Do d6, gia tdc
binh phuong trung binh (arms) da dugc chon lam
tidu chi c6t 16i trong nghién ctru nay dé danh gia va
t6i wru hoa hidu nang ctia hé thdng treo.

Gia téc hiéu dung arms dugce xac dinh theo cong
thirc (13):

[1 T
agms = |7 ), ak(D)dt

Trong do6:

(13)

aw(t) 12 gia toc trong s6 tan s6 theo thoi gian, tac
dong dén nguoi 1ai (m/s?),

T 1a thoi gian do (s).
Béng 8. Mitrc d) ém diu (ISO 2631-1:1997)

arms (m/s?)

Mirc do ém diu

<0,315 Khong gay kho chiu
0,315-0,63 Hoi kho chiu
0,5-1,0 Kha kho chiu
0,8—1,6 Khé chiu
1,25-2,5 R4t khé chiu
>2.0 Cuc ky kho chiu

3. KET QUA VA THAO LUAN
3.1. Két qua phén tich wng suit va chuyén vi
cua h¢ thong treo

Két qua md phong chuyén vi va g suat cho bon
truong hop tai khac nhau (Bang 4) dugc thé hién ¢
Hinh 10, Hinh 11, Hinh 12 va Hinh 13. Két qua phan
tich chuyén vi cho thay chuyén vi cuc dai trong bén
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truong hop khao sat déu tap trung tai vi tri trung tim
b nhip. Céc gi tri chuyén vi tang khi ting cic mirc
tai khac nhau nhu: 3,01 mm véi mirc tai 4.950 N;
3,47 mm véi muc tai 5.653 N; 3,93 mm véi mire tai
6.401 N va 4,39 mm véi mirc tai 7.149 N. Didu nay
duoc 1y giai do sy rang budc ¢b dinh tai hai diu mit
nhip véi khung xe, dong thoi xéc nhan ring khu vuc
dam cau (vi tri tAm banh xe) 13 noi chiu kich thich
dao dong manh nhét.

Tuy nhién, hién twong tap trung tmg suét cyc dai
(Hinh 10b, Hinh 11b, Hinh 12b va Hinh 13b) khong
x4y ra tai tim nhip ma dich chuyén vé phia ving lan
can mit nhip; Ung suat tap trung 16n nhat duoc ghi
nhan & muc tai 7.149 N véi ung suat 437,3 MPa
(Hinh 13b). Nguyén nhan chinh 1a do sy thay ddi dot
ngot vé bién dang va dién tich mat cit ngang so voi
than nhip, khu vuc nay tré thanh diém yéu co hoc
dudi tac dung cua tai trong dong. Pay chinh 1a tac
nhén chinh din dén sy hinh thanh cac vét niit moi
hodc gay bién dang déo, de doa truc tiép dén do bén
moi va tudi tho van hanh cua két ciu.

Ngoai ra, cac gia tri chuyén vi - ing suat 16n nhat
va hé s an toan cho bon truong hop tai dugc tong
hop & Bang 9. Xét vé tong thé, tai trong 1a bién s6
quyét dinh dic tinh bién cdu va do cung cia hé
thong. Céac phan tich dinh luong chi ra ring trong
didu kién van hanh thyc té, chuyén vi va tng suét
tuong duong Von-Mises cd xu hudng ti 1€ thuan voi
cuong do tai trong, voi bién do gia tang tuyén tinh
duoc kiém soat dudi mire 50%. Song song do, h¢ )
an toan chi ghi nhan muc sut giam khong dang ké tir
3,9 xudng 2,7 va luén dao dong trong ngudng gia tri
cho phép. Két qua nay khing dinh két cau nhip 14
hoan toan van hanh trong mién bién dang dan hdi,
dap tmg triét dé céac tiéu chudn khét khe vé do bén
vat li¢u va d9 tin cay van hanh.

Bang 9. K&t qua phan tich phén tir hitu han

Tai trong Chuyén Ung sudt Von- H¢ s6 an
(N) vi (mm) Misses (MPa) toan
4.905 3,01 300,0 3,9
5.653 3,47 345,8 34
6.401 3,93 391,5 3,0
7.149 4,39 437,3 2,7
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[ ] souovonsessiess v 1]

a) Chuyén vi b) Ung suit
Hinh 10. Két qua md phong chuyén vi va ing suit ciia h¢ thong treo nhip 14 & mire tai 4.905 N

a) Chuyén vi b) Ung suit
Hinh 11. Két qua md phong chuyén vi va \ing suit ciia h¢ théng treo nhip 14 & mire tai 5.653N

a) Chuyén vi b) Ung suit
Hinh 12. Két qua md phong chuyén vi va ing suét ciia h¢ thong treo nhip 14 & mire tai 6.401 N

Max:4,387

a) Chuyén vi
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Max:437,3

b) Ung suit
Hinh 13. Két qua md phong chuyén vi va mg suét ciia h¢ thong treo nhip 14 & mirc tai 7.149 N

3.2. Két qua mé phong dong lwc hoc

Trong nghién ctru nay, viéc khao sat anh huong
cua tai trong dbi voi dac tinh dong luc hoc cua hé
thong treo bi dong da dugc tién hanh thong qua mo
hinh héa mét phan tu xe dudi ba trudng hop tai:
khong tai, ban tai va toan tai nhu & Bang 5. Két qua
thuc nghiém duogc thé hién & Hinh 14 va téng hop &
Bang 10, cho thdy mot mdi twong quan nghich gitra
khéi luwong duogc treo va mirc d kich thich rung
dong truyén 1én than xe; cu thé, gia tri gia tbc cuc
dai (amax) va gia tc trung binh binh phuong (arws)
giam ti 1€ thudn voi sy gia tang tai trong. Viéc déi
chiéu theo tiéu chuan ISO 2631-1:1997 cho thiy chi
s6 do ém diu chuyén dong co sy chuyén bién tich
cuc tu ngudng “khoé chiu” sang mirc “hoi kha kho

chiu”, khang dinh hiéu qua cach ly rung dong t6i uu
cua h¢ thong tai cac dai tai trong 16n.

Tuy nhién, sy gia ting khdi lugng dugc treo (M)
ddng thoi kéo theo hé qua vé mit quan tinh, lam kéo
dai thoi gian qué d6 cua dao dong va han ché kha
ning tiéu tan nang luong tic thoi cua hé thong.
bang chi y, trong khi chuyen vi than xe ghi nhén sy
sut giam dang ké, chuyén vi banh xe chi bién thién
trong bién do hep do bi chi phdi chu yéu boi dic tinh
d6 cimg 16p. Piéu nay minh chimg rang dii hé théng
treo bi dong thé hién wu thé vé do 6n dinh than xe
duéi tai trong 16n, van tdn tai su danh ddi tat yéu
gitta sy tién nghi va kha nang dap ing dong hoc cta
hé théng.

Biang 10. Két qua phan tich mé phéng ddng lwe hoc ciia hé thong treo

Thong s6 danh gia Khoéng tai (4.905 N) Nira tdi (5.653 N) Toan tii (6.401 N)
Gia tdc cuc dai amax (m/s?) 3,85 3,26 2,83
Gia tdc cuc tiéu amin (m/s?) -1,23 -1,02 -0,86
Chuyen vi cuc dai than xe (mm) 2,89 2,58 2,33
Chuyen Vi cuc tiéu than xe (mm) -1,35 -1,25 -1,17
Chuyen vi cuc dai banh xe (mm) 4,34 427 422
Chuyén vi cuc tiéu banh xe (mm) -0,63 -0,55 -0,49
Gia téc hiéu dung arms (m/s?) 0,96 0,8 0,73

Xép loai mirc ém diu Khé chiu Kha kho chiu Hoi-kha kho chiu

w

52

[

Gia the than xe (m/s?)

o

[

v

Chuyén vi (m)

|
\
Y

0 0.5 1 15 2 25 4 45

Thoi gian (s)

a) Gia toc khi khong tai (4.905 N)

3 35

5
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b) Chuyén vi khi khong tai (4.905 N)
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j——
S

A\

0 0.5 1 15 2 25 3 35 4 4.5 5
Thoi gian (s)

¢) Gia téc khi toan tai (6.041 N)

0 0.5 1 1.5 2 25 3 35 4 4.5 5
Théi gian (s)

f) Chuyén vi khi toan tai (6.041 N)

Hinh 14. Két qua md phéng dong e hoc hé théng treo bi ddng mdt phin tu xe trong ba trudong hgp

4. KET LUAN

Trong nghién ctru nay, vi¢c phan tich moé phong
dac tinh chiu tai két cAu va mo phong dong luc hoc
cia hé théng treo nhip 14 trén xe Toyota Land
Cruiser HI60LG-MZ d3 dugc tién hanh véi céc
truong hop tai khac nhau.

Phan mém Autodesk Inventor dugc st dung dé
mo phong chuyén vi va ting suat ctia hé thong treo
nhip 14 véi bn me tai khac nhau. Két qua cho thay
chuyén vi cuc dai ctia bbn truong hop déu tap trung
tai vi tri gilta ciia nhip, nhung Gng suit cuc thi lai
tap trung ¢ ving lan can mét nhip.

Phan mém MABLAB/Simulink duoc sir dung dé
phan tich dong lyc hoc md hinh mot phﬁn tu xe voi
ba trudng hop tai (khong tai, nira tai va toan tai). Két
qua cho thiy chi s6 d6 ém diu chuyén dong cé su
chuyén bién tich cuc tir ngudng “khod chiu” sang
mirc “hoi kha kh6 chiu”, didu nay phu hop véi hé
thdng treo bi dong nhip 14.
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