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Abstract. Tires are an important component of automobiles that maintains the movement
direction and ensures the transmission, load capacity and smooth movement of the vehicle. To
ensure the automotive active safety, a special attention should be paid to the tire durability
evaluation. This article presents a research on determination of deformation grade of
automotive tires using ANSYS software. It is based on QCVN 34:2017/BGTVT technical
regulation on endurance test of pneumatic tires for automobiles. A finite element model is
established, consisting of two components in contact: an ideal drum surface with a diameter of
two meters, and a rubber tire. The air pressure in the tire follows the regulation and the drum
applies on the tire a force of 80 % the permissible load. Calculation results for a specific tire in
Vietnam suggests that the durability of the tire is satisfied, since the difference between the
deformed and undeformed diameters of the tire is less than 3.5 %, as stated in the regulation.
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Tom tat. Lop 6 t6 1a linh kién quan trong caa 6 to trong viéc dam bao kha nang truyén luc, kha
nang chiu tai, tao do ém dju va duy tri huéng chuyén dong. Panh gia do bén cua I6p dugc dic
biét quan tdm nham dam an toan cho 6 t6 khi tham gia giao théng. Bai bao trinh bay néi dung
nghién ciru ung dung phan mém Ansys tinh toan mic do bién dang cua I6p 6 t6. Dya trén quy
chuan QCVN 34:2017/BGTVT cua Viét Nam quy dinh qué trinh thir nghiém do bén 16p 6 t6
dé xay dung mot md hinh tinh toan, bao gom hai thanh phan tiép xic nhau: mét 1a mit tang
tréng co dudng kinh 2 m vai gia thiét bé mat tang tréng khdng bién dang va hai 13 16p 6 td véi
gia thiét toan bo vat liéu 16p dong nhat 1a cao su. Muc &p suat bén trong 16p theo quy dinh va
tang trong ép 1én 16p mot luc bang 80 % muc tai trong cho phép 1én 16p. Két qua tinh toan cho
mot 16p cu thé tai Viét Nam xac dinh dugc duong kinh cua 16p sau khi bién dang theo phuong
ép cua tang tréng, cin ct quy dinh khdng chénh léch qué 3,5 % so voi dudng kinh ngoai cua
16p, 16p tinh toan dam bao du bén.

Tur khoa: Lép 6 td, Phan tar hiru han, Tinh toan bén, Ansys, Quy chuan QCVN
34:2017/BGTVT.

© 2021 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE

Lp 6 t6 1a linh kién quan trong cua 6 td trong viéc dam bao kha ning truyén luc, kha ning
chiu tai, tao d6 ém diu va duy tri huéng chuyén dong. Trong qué trinh st dung, 16p tiép xuc
truc tiép véi mat dudng va chiu tai trong caa 6 t, luc ma sat,...Sir dung mot thoi gian dai trong
diéu kién lam viéc khic nghiét 1am 16p bi mon, sut, bong hoa 16p, bong Iép manh hozc né 16p
do khdng chiu duoc tai trong cho phép gy mat an toan trong qué trinh chuyén dong cua &
t6. D& dam bao an toan khi xe chay trén duong, ngudi ta phai trang bi cho 6 td nhiing loai 16p
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xe ¢6 du do bén dé dam bao an toan téi da, han ché gay nguy hiém cho ngudi va cac phuong
tién tham gia giao thong. Lop 6 t6 ¢o cau tao phirc tap bao gom nhiéu 16p cé chat liéu khac nhau
duoc lién ket lai thé hién trong Hinh 1.

Lép cao su  Lép bé dém ni 16ng thit hai

Lép cao su gai 16p
thanh bén lop

Lép bé dém ni 16ng thie nhat

Lép dai bo thép thi hai

Lép dai bé thép thie nhit
Lop 16t trong

Mép 16p vit

Mép 16p

Hinh 1. Cau tao 16p 6 to.

Viéc nghién ctru d6 bén cua Ip xe duoc cac nha san xuat, cac nha nghién ciu ciing nhu
cac nha quan ly dac biét quan tam nham dam bao an toan khi xe tham gia giao thong. Nhiing
huéng nghién ciru chu yéu vé chat luong ciing nhu kha ning chiu tai cua 16p tap trung danh gia
d6 bén cua 16p dudi cac Che do tai trong. Viéc doi hoi thay dol kiéu dang cling nhu két ciu cua
16p thuong xuyén yéu cau cac nha san xuat phai thyc hién s6 hoa mé hinh 16p, tién hanh kiém
tra danh gia chat luong trong thoi gian ngdn ma van doi hoi d6 chinh xac cao va thir nghiém
trong moi truong khdng gian 4o gidp tiét kiém chi phi tang tinh canh tranh. Thong thudng cac
tinh todn & ché do tinh duoc thuc hién dé xac dinh Gng suat, bién dang cua 16p xe nham kiém
soat 6 bén cua 16p ciing nhu anh huong caa thong sé kich thuéc téi ¢ bén ciing nhu ap suat
tiép xdc trén vanh 16p, bién dang 16p trong mdi diéu kién 1am viéc nhu trong cic cong trinh
nghién ctru cua cac tac gia Ridha va Theves [1]; Mir Hamid Reza Ghoreishy va cé&c cong su.
[2]; Sorin-Stefan Biris va cac cong su. [3]. Cac nghién ciru vé thuc nghiém danh gia do bén 16p
tap trung nghién ciru cac phuong phap do xac dinh do bén cua I6p. Mot sé nghién ctiu cua tac
gia Hong va cac cong su [4]; Zhang va cac cong su [5] da ching minh kha néng cua cam bién
16p dé xac dinh co ché tao ra luc 16p. Dé do bién dang 16p mot hé thong cam bién quang dugc
phét trién boi céc tac gia Xiong va Tuononen([8], phuong phap khong tiép xUc nay cd thé gidp
cam bién 1am viéc trong moi truong khic nghiét ma khdng gay bién dang cuc bo. Cac tac gia
R. K. Taylor va cac cong su [7] dua ra phuong phép do d6 ctimg huéng kinh cua [0p xe trén co s¢ do tdi
- bién dang, dao dong tu do theo phuong thang ding trang thai lan va khong lan, tir 46 chon duoc phuong
phap thich hop dé do do cing 16p. Cac tac gia Jakub POLASIK va Konrad J. WALUS [8] da
nghién ciru anh huong cua cac luc tir mat dudng 18n hé thong treo trong qué trinh xe chay trén
duong, két qua do bién dang cuia 16p xe khi thi nghiém trén duong dugc do dac va so sanh voi
ket qua do trong phong thi nghiém. Ngoai ra cac quéc gia déu c6 nhirng b tiéu chuan quy dinh
vé do bén Iop nhu tiéu chuan UNECE 30, 54, tiéu chuan 1SO 10454:1993, GB/T 4501-2008
quy dinh thir nghiém déi voi 16p xe tai va xe khach.

Tai Viét Nam, ngoai cac tiéu chuan vé 16p nhu QCVN 34:2017/BGTVT thi c4c nghién
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ctru vé danh gia d6 bén 16p xe & to chu yéu tap trung vao nghién ctu thyc nghiém nhu cong
trinh cua cé4c tac gia Bang Viét Ha va Lé Pinh Nam [9] di cin ctr vao quy chuin QCVN
34:2017/BGTVT xay dung quy trinh thir nghiém xac dinh d6 bén 16p xe, cdng trinh cua céc tac
gia Nguyén Van Tiém va Trinh Luong Mién [10] tap trung nghién ctu thiét bj thir nghiém 16p
0 t0 theo tidu chuan Viét Nam. Do dé, viéc nghién ciru sir dung phan mém Ansys dya trén nén
tang phuong phap phén tr hitu han dé tinh toan xac dinh bién dang 16p xe tir d6 danh gia bén
15p 6 t6 theo quy chuan QCVN 34:2017/BGTVT gilp giam thoi gian cdng sirc trong qué trinh
thiét ké va phat trién san pham 16p 6 t6 tai Viét Nam.

2. XAY DUNG MO HINH PHAN TU HUU HAN KET CAULOP O TO
2.1. Co s¢ khi xay dung mo hinh

Theo quy chuian QCVN 34:2017/BGTVT phép thir d6 bén 16p 6 td md phong lec ép 1én
vanh béanh xe khi xe chay trén duong thang bang cach cho banh xe quay trén trong thir c6 duong
kinh téi thiéu 12 1,7m hodc 2 m. So d6 thir 46 bén 16p xe dugc thuc hién nhu so do thir nghiém
nhu trén hinh 2.

Lép xe
- Vanh banh xe

Béanh din dong

Luc hudng kinh

Hinh 2. Thiét bi thir nghiém do bén mai vanh hop kim 6 to.

Mo hinh tinh toan va danh gia d6 bén 16p 6 t6 duoc xay dung dwa trén quy chuan QCVN
34:2017/BGTVT d6 1a xay dung mo hinh véi hai thanh phan: mot 1a mét tang tréng c6 duong
kinh 2m vei gia thiét bé mat tang trong khong bién dang va 16p 6 t6 trén co so gia thiét cac dai
thép va 16p bd duoc xem nhur phan tir rin nam theo chu vi cia 16p cao su, vi vay nhing vét liéu
nay déu phai chiu toan bo tng suat tac dong tir mat duong dong nghia 1a mé phong 16p 6 td Véi
vat liéu dong nhat Ia cao su. Viéc md phong mé hinh 16p s& c6 su sai khac so véi 16p thuc té vé
mot s6 vat liéu nhung diéu nay ciing khong anh huong dén ung suét cua I6p khi chiu nén. Trong
nghién cttu, mo hinh Iop tinh toan gom ba thanh phan: phan 16p tlep xUc véi mat duong va hai
mat bén 16p. Khu vuc tiép xc gitra 16p véi mat dudng c6 tng suat cao hon & mat bén 16p, nén
mé dun dan hoi & cao hon so v&i mat bén.

2.2. Xay dung mé hinh tinh toin d9 bén 16p 6 t6 bang phin mém ANSYS

Cén ctr vao céc chung loai 16p dugc san xuat va sur dung dé Iap rép trén 6 to tai Viét
Nam lya chon loai 16p hoi ¢ ki hiéu 195/65R15 88H dé xay dung mo hinh phan tir hitu han va
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tinh bén. Lop xe ¢d thdng sb kich thudc va thong sé ky thuat nhu Bang 1.

Bang 1. Céc thdng s co ban cua I6p xe.

Thong s6 Ki hiéu Gia tri Pon vi
Dbuong kinh ngoai D 690 mm
Duong kinh vanh danh nghia d 380 mm
Ap suit tiéu chuan p 320 kPa
Kha nang chiu tai/ banh xe P 560 kg
Cép tbc @6 cua 16p H 260 km/h

Pé xay dyng mo hinh chinh xac cia 16p ta chon phuong phap xay dung mé hinh hinh hoc
sau d6 chia lu6i dé tao md hinh phan tir hitu han. Do tinh d6i xng caa md hinh 16p, md hinh
hinh hoc 16p xe dugc xay dung 1a md hinh 1/8 va st dung cac diéu kién bién déi ximg dé giam
thoi gian tinh toan nhu trong Hinh 3.

Thuc hién xay dyng mé hinh phan ti hitu han cho 16p lva chon kiéu phan tor SOLID185.
Phan tir SOLID185 duoc str dung dé tao mé hinh 3-D cho cac cau trlc ran. N6 duoc xac dinh
bai tdm nut c6 ba bac tu do tai mdi n(t: gdm cac chuyén vi tinh tién va cac chuyén vi xoay theo
cac hudng truc X, y va z. Phan tir SOLID185 dugc dinh nghia dé md phong cho mé hinh c6 cac
tinh chat vat liéu vé do déo, do dan hoi, do cang tng suat, do vdng 16n va kha nang bién dang
I6n. Bong thoi né ciing c6 kha ning tao cong thizc hdn hop d¢é md phong céc bién dang cua vat
li¢u dan hoi gan nhu khong thé nén duoc va vat lidu siéu dan hoi hoan toan khong thé nén duoc.

Phin tir CONTAL74
trén bé mit lop

Phin tit TARGE170
trén bé mit tang trong

Hinh 3. M& hinh hinh hoc 1/8 16p xe. Hinh 4. M6 hinh tiép xtc giita bé mat tang trong
va lop.
Trang thai mit tang tréng dugc mé hinh hoa ¢ trang thai cing tuyét ddi. Do vay mat tang
trbng khong can phai dua thém cac thong sé khac nhu chiéu cao hay bé rong. Do c6 tinh chét
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d6i xing, vi vay chang ta chi chon phan tich md hinh giéng nhu trong Hinh 3. Dé xay dung
diéu kién tiép xtc gitra bé mit 16p 6 td va tang trong cho bai toan lya chon phan tir TARGE170
dé mo hinh héa bé mit tang tréng va st dung phan tir CONTA174 d& md hinh héa bé mat 16p
do tinh tuong thich véi mé hinh 3D thé hién nhu trong Hinh 4.
Vit liéu 16p xe sir dung mé hinh cao su Mooney-Rivlin [11] c6 tinh chat vat liéu thé hién
trong Bang 2.

Bang 2. Tinh chat vat liéu md hinh cao su Mooney-Rivlin.

Tinh chat vat liéu Ki hiéu Gia tri Pon vi
Mo dun dan hoi E 300 MPa
Hé sb poat xdng v 0.49967
Hang s6 dic trung cho mic nang luong bién dang C10 0.293 MPa
Hang s6 dic trung cho mirc nang luong bién dang co1 0.177 MPa

Thuc hién viéc gan kiéu phan tir SOLID18, CONTA174, TARGE170 va vat liéu cho md
hinh hinh hoc, théng qua viéc chia lugi md hinh xay dung dugc mé hinh phan ta hitu han két
cau 16p xe nhu Hinh 5. Ngoai ra dé tang cing cho thanh phan I6p twong duong véi su anh
huong cua cac 16p thanh phan cau tao 16p st dung phan tr Reinforcement cho phan thanh bén
va cho thanh phan bé mat tiép xuc véi tang trong. Viéc kiém tra mé hinh twong duong bang
cach so sanh két qua tinh bién dang cua 16p voi két qua thuc nghiém [8].

A
T O

(1L
UL,
Y
R
R

Hinh 5. M6 hinh phan tir hitu han 16p xe va tang trong.
2.3. Phuwong an dat tai

Khi thuc hién dat tai cho mé hinh dya trén quy dinh cua quy chuin QCVN
34:2017/BGTVT vé kiém tra bén 16p hoi 6 t6 cu thé nhu sau:
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- Bom khi vao 16p véi p suat tiéu chuan 1a 280 kPa dbi véi 16p cap tée do S, do do trong
mo hinh dit vao toan bo bé mit trong cua 16p mot gid tri p suat bang ap suét quy dinh.

- Pat Ién truc kiém tra mot tai trong bang 80% tai trong dinh muc trén 16p, trong mé hinh
cho tang tréng dich chuyén tao luc ép tuong dwong véi mic tai 560x80% = 448 kG.

Phan 16p tiép x(c voi vanh banh xe dugc ¢b dinh cac bac ty do va dit diéu ddi xang cho
céc bé mat. M6 hinh dat tai trong I18n 15p xe duoc thé hién ¢ hinh 7.

Bé mit dbi ximg R

Bé mit déi ximg

Bé miit c6 dinh bic
twr do

Phin bé dp suit

B& mijt d5i ximg

Dich l:]ll:l_\‘é]l
tang trong

Hinh 7. M6 hinh dit luc va diéu kién bién 1&n 16p xe.

3. GIAI BAI TOAN, KIEM TRA BEN LOP O TO

Pé kiém tra tinh phi hop ciia md hinh thuc hién tinh toan 16p trong diéu kién véi mirc &p
suit 0,2 Mpa va tai trong tac dung 1én 16p 12 4300N, 16p & trang thai tiép x(c véi bé mat phang.
Sau khi tién hanh giai bai toan trén phan mém Ansys thu duoc két qua thé hién trén Hinh 8 Ia
Trudng phan b chuyén vi nat va Hinh 11 12 Truong phan bé ¢ng suat theo Von Mises.
nooaz. socmron ANSYS sooaz. souorzon ANSYS

STEF=1 R15.0 aTER=1 R15.0

SUE =sg8ess IUE =g88888

TnE=1 JEN 18 2021 TnE=1 TAN 18 2021
/EXEANDED 10:08:25 /EXEANDED 10:08:31
uz (BVG) SEQV (RVE)

TME =71.3708

;7 =, 264284

MK =2.8E102

| —
-36.731 173763 601768 5.33808 176838 -264234 -841343 1.41839 1.55544
-23.8027 11846 -.0852TE H 1.1z 2 z

7243
117678 23,6241 z.86102

Hinh 8. Phan bd chuyén vi theo phuong thang ~ Hinh 9. Phan b tmg sut Von Mises & dp suét
dang 6 ap suat 0,2 Mpa. 0,2 Mpa.
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Két qua cho thiy muc bién dang caa diém tiép xtc 16p véi mat phang 1a 27,2 mm. Do
ctng theo phuong hudéng kinh cua 15p & mirc &p suit 0,2 Mpa dugc xac dinh nhu cong thirc 1:
K = F/4 = 4300/0,0272 = 158088 N/m (D)

Trong d6: K 1a @6 cang huéng kinh caa 16p, N/m; F 12 luc tac dung 18n 16p, N; & 1 bién
dang 16n nhat theo phuong tac dung lyc, m.

Theo thuc nghiém [8] khi 16p chiu tai & 4300N, &p suat khi trong 16p 0,2 Mpa thi mic bién
dang cua 16p 12 26 mm. Xéc dinh d6 cimg hudng kinh cua I6p theo thuc nghiém la 165384 N/m.
Nhu vay sai léch gita két qua tinh toan va thuc nghiém 1a 4,4%.

Tinh toan bién dang 16p theo phwong 4n dit tai phu hop voi quy chuin QCVN
34:2017/BGTVT thu duoc két qua thé hién trén Hinh 10 12 Truong phan b chuyén vi ndt va
Hinh 11 12 Truong phan bd (g suat theo Von Mises.

ANSYS

R15.0
17 2021

HODAL 30LUTION AN SYS
aEe=1 R15.0
17 2021

AN

SUB =38535% -

_07E8L 218073 355338 294583 633862

Hinh 11. Phan b0 tmg suat Von Mises & 4p
dang ¢ ap suat 280 kPa. suat 280 kPa.

Tir két qua cho thay bién dang Ion nhat tai diém tiép xdc gitra 16p v6i mat tang trong l1a
9.4mm, ting suét I16n nhat do d6 xac dinh duoc duong kinh 16p sau bién dang theo phuwong ép
cta tang trong 1a 880,6 mm twong duong voi mic thay doi 1,05% so vai duong kinh thiét ké
ngoai cua Idp. Can cir theo quy chuan mic thay ddi nay nho hon 3,5%, nhu vay 16p dam bao
theo quy chuan QCVN 34:2017/BGTVT. Ngoai ra tir biéu do phan b tng suat Von mis cho
thdy rng suat tap trung tai cac khu vuc c6 vi tri mong nhat & hai bén thanh 16p va phu thudc
Vao mirc &p suat trong 1p.

4. KET LUAN

Lop 6 t6 1a linh kién quan trong caa 6 td trong viéc dam bao kha nang truyén luc, kha ning
chiu tai, tao d6 ém diu va duy tri huéng chuyén dong. Panh gia do bén cua 16p duoc dac biét
quan tdm nham dam an toan cho 6 t& khi tham gia giao théng. Nghién cau dya trén quy chuan
QCVN 34:2017/BGTVT cua Viét Nam quy dinh qua trinh thir nghiém do bén 16p 6 to tién hanh
xay dung mot md hinh tinh toan trong phan mém Ansys dya trén nén tang phuwong phap phan
tar hitu han. Két qua tinh toan cho maot 16p cu thé ¢d ky hiéu 195/65R 15 da xac dinh duoc dudng
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kinh caa 16p sau khi bién dang theo phwong ép cua tang tréng, so sanh véi dudng kinh thiét ké
ngoai cua I5p thay rang chénh léch 1a 1,05% nho hon 3,5% theo quy chuén, I6p tinh toan dam
bao dat tiéu chuan. Nhu vay thong qua viéc nghién ciu sir dung phan mém Ansys dua trén nén
tang phuwong phap phan tir hitu han dé tinh toan xac dinh bién dang I16p xe tir d6 danh gia bén
16p 6 t6 theo quy chuan gilp giam thoi gian cdng sic trong quéa trinh thiét ké va phat trién san
pham I6p 6 6 tai Viét Nam.
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