P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

PHAN TiCH LUC CAN LAN TREN BANH XE LOP HO!

BANG MO PHONG
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TOMTAT

Ngoai dac tinh can nhét dan hdi cia vét liéu cao su trong than 6p xe con
¢6 ca kiéu dang van hoa vau I6p sé lam ton that nang luong bién dang trong
[6p va anh hudng dén Iuc can lan cda xe 6 td. Bai bao trinh bay ndi dung budc
dau nghién cGu danh gié loai tn that nay tai bé mat tuong téc gitta 16p xe va
mét dudng dé phén tich luc can 1dn trong qua trinh 16p lan. Phuong phap
nghién ctu cta nghién ciiu la phan tich md hinh I6p 3-D vamd phdng s6 trong
phan mém Ansys Workbench trong truong hgp cu tric tinh (Static Structure)
va ddng hoc (Transient Structure), ddng luc hoc (Explicit Dynamics) da duara
két qua danh gid ndng lugng tiéu hao cta I6p va luc can lan trén duong.

Tirkhéa: Lop, ndng luong tiéu hao, luc cdn ldn.

ABSTRACT

In addition to the elastic viscous resistance of the rubber material in the
tire body, there is also a lug pattern that will lose deformation energy in the
tire and affect the rolling resistance of the vehile. The article presents the
initial content of research to evaluate this type of loss at the interaction
surface between the tire and the road surface to analyze the rolling resistance
during the tire rolling process. The research method of the study is 3-D tire
model analysis and numerical simulation in Ansys Workbench software in the
case of static structure (Static Structure) and kinetics (Transient Structure),
dynamics (Explicit Dynamics). gave the results of assessing tire energy
consumption and rolling resistance on the road.
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1. GIGI THIEU
Trong nganh 0 t6, viéc gidm mdc tiéu thu nhién liéu
ngay cang trg thanh van dé quan trong. Nhiing luc can
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khi xe chuyén dong déu anh hudng dén muc tiéu hao
nhién liéu cta xe. Luc can lan lam tiéu hao 10 - 33% nang
lugng tai & bé mat tuong tac gitia 16p vGi mat duong tuy
thudc vao cau tric 16p va tai trong trén truc nén viéc phat
trién 18p hiéu qua sé ci thién muc tiéu thu nhién liéu cta
xe [1, 2]. Con theo phan tich thuc nghiém, khodng 10%
nang lugng bi tiéu tan, day dugc coi la ngudn chinh gay
ra luc can lan [3, 4]. C6 nhiéu nghién ctu phan tich thiét
ké 16p, ngay trong cac hang ché tao ciing c6 nhiing
nghién ctiu chuyén sau dua trén cac két qua kinh nghiém
thu dugc ti khach hang. Trong nghién ciru phat trién, s
dung cong cu phan ti hitu han FEM cho phép truc tiép
phan tich trén mé hinh 16p 3D la phuong phap kha thi.
Khi phan tich dong hoc banh xe, két qua da thu dugc cac
chu ky bién dang va tén that ndng lugng tai bé mat tiép
xuc 16p véi mat duang [5, 6]. Do dac tinh tré nhét dan hoi
clia cac thanh phan cao su da gay ra cac bién dang theo
chu ky lam thay d6i lyc can lan ca 16p trong khi xe
chuyén déng [7]. Hau hét cac phuong phap s6 da dugc st
dung dé tinh toan tén that ti dac tinh tré va luc can lan
déu c6 diém chung la tinh gan dung [8]. Ung dung toan
hoc v&i chudi Fourier cing dugc sit dung dé tinh gan
dung cac chu ky bién dang cuda 16p [9]. Trong thi nghiém,
cac phép do thuc nghiém luc can lan cho thay luc can lan
thay déi theo su phuic tap ca diéu kién van hanh [10].
2.COSOLY THUYET
2.1.Két cau lép

Banh xe bao gbm 16p cao su, vanh va dia banh xe. Céc
théng s6 clia banh xe chl yéu dugc xac dinh béi toc do
va kha nang chiu tai ciia né. Cac yéu cau chinh ctia banh
xe la d6 bén méi cao, kha nang chiu tai cao va tudi tho dai
[11].

Ngay nay, I16p radial phé bién dugc st dung va ché tao
tl cac 16p vat liéu téng hop khac nhau nhu nylon, cap
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thép va cao su. Cau trac I6p dugc phan thanh hai nhém
chinh la: 1) L&p than va ta long (khéi gai) chéng mai mon,
day la hai bé phan cao su chinh, chiu dugc tai trong bén
trong va bén ngoai va cung cap luc kéo can thiét & mép
dau talong; 2) Mét s6 I16p dai thép hodc ni long, vanh tanh
x€p theo chu vi lam cling mat gai va tang cudng dé bén
cho than thit hodc than 16p va ngan ngura bién dang qua
muc cla cao su, hinh 1.

Thanh bén

(Sidewall)

"

layers) \q

Tanh
(Bead)

Lop lét
(Membrane)

Lop dém
(Chafer)

Hinh 1. C4u tao I6p Radial
2.2, Co' sé khoa hoc nghién ctru

Do dac tinh nhét dan héi ctia cac hgp chat cao su, bién
dang tuan hoan va bién dang dao dong khi 16p lan dan
dén tén that nang lugng [12]. Khi d6 luc can 1an ca 16p la
ty s6 ton that @, va quang dudng di chuyén cla banh xe
trong mét vong quay theo phuang trinh (1), [13, 14].

-

2.

(M

Trong dé: Ps 1a luc can lan; W 1a nang lugng tén that va
r.1a ban kinh 13n cua 16p.

Cac gia thiét st dung trong mo6 phéng: Vat liéu 16i b
thép trong 18p 1a dong nhat, ddng huéng; Mat dudng va
vanh la-rang ciing tuyét doi; Hé s6 ma sét gitta mat dudng
va I6p xe c6 gia tri 0,1 va khéng déi; Bé qua su dao dong
cla luc ma sat gitta mat duong va I6p xe [15, 16].

Cac diéu kién bién stir dung trong mé phong dugc ap
dung theo [15, 16].

3. MO PHONG VA PHAN TiCH KET QUA

3.1. Phan mém mé phéng
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Hinh 2. Gdc m6 dun md phdng trong Ansys Workbench

Tap chi Khoa hoc va Cong nghé Trueng Dai hoc Cong nghiép Ha Noi

St dung cong cu mé phéng phan ti hitu han trong
phan mém Ansys Workbench phién ban 2022R1 dé phan
tich, hinh 2 [20].

Cac mo6 dun moé phong thuc hién ba bai toan:

(1) Static Structural: Phan tich cau trac tinh cia mo
hinh |6p - dia la rang - mat dudng dugc l1ap rap thanh cum
cling dé xac dinh cac chuyén vi, iing suat, bién dang va
noi luc do tai trong d6i cham theo thai gian gay ra, luc
quan tinh va giam chan khéng xuat hién hoac vé clng
nhé nén co thé coi bang khong va bé qua. Cac tai bao
gém: Céc luc va ap suat bén ngoai do trong lugng xe dat
lén cum béanh xe theo chiéu thdng diing va mé men quay
banh xe; Luc quan tinh & trang théi én dinh (gia toc trong
trudng hodc gia téc quay); Chuyén vi khac khong; Nhiét
dé (xuat hién trong thanh phan cao su va bé mat tiép xuc
cda lop véi mat dudng).

(2) Transient Structural: Thuc hién phan tich cdu trac
theo lich st thai gian dé xac dinh phan (ng déng clia két
cau dudi tdc dong clia tai trong theo thaoi gian. Két qua
xac dinh cac chuyén vi, bién dang, (ing suat va luc thay
d6i c6 xét dén hiéu tiing quén tinh hoac gidm chan.

(3) Explicit Dynamics: Thuc hién dong thai nhiéu moé
phong dong khac nhau, bao gom mo hinh héa phi tuyén
tinh ctia m6 hinh bao gém két cau kim loai, phi kim loai
va khi nén trong I6p va tuong tac ctia chiing véi nhau.
3.2. Két cdu mé hinh 16p - dia la rang - mat duéng

D& 5o sanh tudng minh két qua, nghién ctu lua chon
hai loai l6p c6 hinh dang va bé mat 1an gan giéng nhau la
I6p xe dua F1 va I6p xe con Toyota Camry. Théng sé hinh
hoc clia cac I16p gom:

- Lop xe dua F1: 405/670-R13, bé réng mat 16p
405mm, dudng kinh 16p 670mm, ban kinh lan 335mm.

- L6p xe con Toyota Camry: 235/45R18 bé rong mat
I6p 235mm, dudng kinh la rang 18 inch (457mm), dudng
kinh I6p 563mm, ban kinh ldn 281mm.

L6&p xe c6 vat liéu hon hgp ky hiéu Rubber, butyl (lIR,
30 - 50% carbon black) gém cao su tu nhién cung vat liéu
butyl hoa tron cac bon den theo ty 1é 30 - 50%. Dia larang
c6 cdu tao tir thép cac bon. Mat dudng cé cau tao vat liéu
I6p bé mat bang bé tong asphalt. Bang 1 la thong s6 vat
liéu ca banh xe, la rdng va mat duong.

Tai trong trén cac 16p dugc 1ay nhu nhau dé dat muc
dich tham chiéu so sanh két qua mé phdng. Tai trong trén
I6p, ap suat, do léch tinh tuong duang, nhiét do, su tiéu
tan nang lugng bién dang cda 16p xe lién quan dén ving
ti€p xuc cta I8p xe véi mat dudng. Biéu d6 tai trong néu
trén hinh 3.
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Bang 1. Vat liéu cta banh xe va mat dudng [17]

Lop caosu | Matduéng | Vanh dia
Rubber, | Concrete, | Structural
butyl asphalt Steel
Density (kg/mm’) 1,158E-06 | 2,482e-06 | 7,85E-06
Young's Modulus (MPa) 5,612 22360 2,00E+05
Poisson's Ratio 0,4992 0,355 03
Bulk Modulus (MPa) 1169,2 25701 1,67E+05
Shear Modulus (MPa) 1,8717 8250,9 76923
Tensile Ultimate Strength 8,524 0,1732 460
(MPa)
Tensile Yield Strength (MPa) 8,524 0,1732 250
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Hinh 3. Tai trong trong md phdng
3.3. Phan tich két qua

3.3.1. Vét tiép xuc ctia bdnh xe véi mdt dudng

Vét ti€p xuc chia l16p voi mat dudng phu thudc vao loai
mat dudng bé tdng hay nhua asphalt do su phan bé
nhiét, hé s6 can lan, hé s6 dan hoi va su rung dong cda
[6p [18, 19]. Chiéu dai vét tiép xuc (Sliding distance) s, tinh
gan dung bang chiéu dai trugt doc cuta I6p va dugc tinh
bang phuong trinh (2):

5 =1-—< )
Ve

G d6: v 1a van toc cta xe, ve la van téc clia banh xe.

Trong mé phdng, thai gian mdy tinh chay la 70 (s) cho
mbi m6 dun. Trén hinh anh nhan dudc, ta c6 thé quan sat
truc tiép két qua bang phé mau, trén d6 cac vét tiép xuc
thé hién dung kiéu vau 18p (hinh 4). Loai 16p c6 bé mat
phang st dung cho cac loai xe dua F1 tc d6 rat cao trén
200km/h (hinh 4a). Loai I8p c6 ranh thdng theo chu vi l8p
st dung cho céc loai xe con, xe thuang mai, xe bus, xe van
tai va van téc xe thudng trong khoang 60 dén dudi
200km/h (hinh 4b).
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a) Ldp xe dua b) Lop xe con

Hinh
anhmo
phdng
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xtic

Hinh 4. Hinh anh mé phdng va vét tiép xdc trén mat dutng

3.3.2. Ndiing luong bién dang tuong duong

Dva trén mé hinh Mooney-Rivlin phi tuyén tinh [15,
16], cac iing suat va bién dang cuc bé trong mién khao sat
cuia I8p dugc bam cang va chiu tai dugc sir dung dé danh
gia nang lugng bién dang theo phuong trinh (3), véi
nhling vi tri tiéu tan nang lugng 16n nhat la: Thanh bén
chiém 80 - 95%, trén bé mat ti€p xuic véi dudng chiém dén
15 % va do luc can khi dong cta I6p chiém dén 5 % [13,
14].

o:z(x_izj(coﬁﬁj 3)
X A

O d6, o la bién dang tuong duong (Strain Equivalent
Von-mises); Cor va Cio la cac hé s6 Mooney-Rivlin.

Quan sat truc tiép két qua moé phong trén hinh 5, nhéan
thay do6 bién dang tuong duong, Uing suat tuong duong
khi I8p chiu tai thdng ding sé bi léch khoang o1 - 02,
dudng tam 18p thay déi doan dr tir chiéu co hy dén h; khi
phan tich tinh Static Structural, hinh 5a. Phan tich dong
hoc cau tric nhan dugc két qua nang lugng bién dang
cuc dai 964,29MJ & chu ky 75 (s) trong Transient
Structural, hinh 5b va bién dang tuong duong 1,6691
(mm) & chu ky 1,2e-002 (s), hinh 5c trong Explicit
Dynamics.

a) Mé phdng cau tric Static Structural
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E: Transient Structural
Strain Energy
Tywpe: Strain Energy
Unit: ml

Tirne: 7o s
04-Mar-23 1:52 PM

964.29 Max
857,15
75001
642,86
535,72
428,57
2L
214,29
7. 14
2.7504e-29 Min

b) M6 phong cdu tric Transient

G: Explicit Dynamics
Equivalent Elastic Strain
Type: Equivalert Elastic Strain o
Unit: mrm/rmm i
Tirme: L2e-002 5
Cycle Murnber: 19358
04-kAar-23 2:00 P

1.6691 Max

1.4837

12982

11128

0.92736

074192

055648

0.37104

0.1856

0.00015887 Min

) Mé phéng dong luc hoc Explicit Dynamics

Hinh 5. Két qua hinh anh cia ba md dun mé phéng
3.3.3. Luccan lan P

Tu phuang trinh (1) & trén, luc can |1an Pr thay d6i theo
nang lugng bién dang trong khodng thai gian (t). Ton that
W clia nang lugng bién dang dugc tinh bang phuong
trinh (4) [19, 20].

A de.
W = jfjo..(t)it)dtdv (4)
Vo dt

]

& day, V 1a thé tich 16p; f. 1a tan s6 quay cua I6p; o va
& la cac thanh phan clia (ing suat va bién dang, cac tng
suat va bién dang cuc bé trong mién khao sét cho 16p
dugc bam cang va chiu day tai.

Ung dung mé phéong & mé dun Transient Structure
nhan dugc két qua tén that cla nang luong bién dang
theo lich st thdi gian tir 0 dén 75 (s) vdi tai trong thay déi
theo thai gian tuong Uing trén hinh (3) & trén. Nang luong
bién dang W_xe dua va luc can lan Pf_xe dua trén |6p xe
dua la 1,75E-05 (mJ) va 1,00E-05 (N) tuong ung, trén l16p
xe con cd W_xe con la 2,25E-07 (mJ) va Pf_xe con 5,20E-08
tuong ung (hinh 6). Diéu nay la do 16p xe dua c6 bé mat
I8p phang nén dién tich ti€p xuc véi mat dudng Ién hon
I6p 6 ranh clia xe con.

136 | Tap chi Khoa hoc va (dng nghé Trudng Dai hoc Cong nghiép Ha Noi
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b) Trén xe con

Hinh 6. Két qua phan tich luc can lan trong md dun Transient
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Hinh 7. Két qua phan tich luc can Ian trong md dun Explicit Dynamics

Phan tich déng luc hoc Explicit Dynamics dé xac dinh
ton that cda nang luong bién dang do ndi luc trong phan
thit than [6p W_(Internal) chd yéu gay ra bién dang nhiét
(& day dugc gidi han chua xét dén su truyén nhiét) sé
giam dan va W_(Kinetic) do ngoai luc gay ra sé tang dan.
Méi quan hé cla lyc can lan tuong ting cling ¢ quan hé
theo phuong trinh (1) & trén. Két qua nhan dugc theo lich
st thai gian tir 0 dén 0,0125 (s) vdi tai trong thay déi theo
thaoi gian. Cac gia tri cu thé vé xu huéng thay déi ctia ndng
lugng bién dang va luc can lan trén 16p xe dua trinh bay
trén hinh 7a va rén 16p xe con trinh bay trén hinh 7b. Cac
gia tri nay trén 16p xe dua cling Ién hon 16p xe con va cling
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do 16p xe dua cé bé mat I6p phang nén dién tich tiép xuc
vGi mat dudng I1én hon 16p 6 ranh clia xe con.
4. KET LUAN

TU két qua nghién ctru cho thay luc can lan thay déi
theo tén hao clia nang lugng bién dang va khi bién dang
tang dan dén luc can lan I6n hon.

SU dung céng cu md phdng trong phan mém Ansys
Workbench da dugc nhém nghién ctu khao sat trang thai
tinh trong cdc moé dun Static Structure va khdo sat dong
luc hoc 16p trong mo6 dun Transient Structure va Explicit
Dynamics dé xac dinh gia tri va quy luat thay déi ctia tén
that nang lugng bién dang trén hai l6p c6 cau tric bé mat
tuong doi giong nhau nhung khac nhau & hoa vau 16p.
Trén I8p xe dua F1 bé mat 16p phdng co dién tich tiép xuc
vGi mat dudng I1én hon 16p xe con bé mat 16p c6 ranh.

Cac két qua phan tich dinh lugng c6 thé dugc sir dung
trong thiét k&€ 16p vdi thai gian ngén han dé du doan hoac
cai thién t6t hon cac dac tinh cha I6p.

Cac két qua nghién ctu la budc dau, nén c6 thé mé
réng bang nghién ctu ly thuyét va thuc nghiém dé phan
tich danh gia ton that nang lugng bién dang trong ca 16p
va phan tich luc can lan anh huéng dén tinh kinh té nhién
liéu cha 6 to.
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