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Calculation of Sidewall Lateral Stiffness of a Radial Tire
Using Material Properties of Rubber Compounds
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Abstract

This paper has considered the calculation of lateral stiffness of radial tire's sidewall, which consists
of cord stiffness and rubber sheet stiffness, by using the material constants of rubber compounds of
tire. We have suggested and illustrated how to calculate the rubber sheet lateral stiffness by
considering the following aspects. First, the rubber sheet consists of various kinds of rubber
compounds with different thickness along the sidewall in the radial direction. Secondly, equivalent
Young's modulus of the rubber sheet can be calculated by using available experimental data of rubber
compounds. The present method enables us to divide the calculation domain as many as we want,
which can reduce numerical error in the calculation of geometrical and mechanical properties. We have
illustrated the calculation by using the data of the radial tire for passenger car of P205/60R15.

5 7438 WEZS 71 doldy holojd st

=2 — =

.M E A #AE Fohltd EAFHAA Aoz LA
ATt dE 2R £ALD AF &4 e z%;ch
Blojole 2 B7Y LENFPE ¥E2Tz o FHEEEO JAAYP? Fo Ao B A

BEAMY FzAHoz ol Bzl dsty @ 51 o
Ag Fador Jgay) Yo o of Jrde A2y Fr@ENE T dve a2
2 w&std eolo] Rao] ¥el AbgHEd, of % OlE(netting theory)' V& olBsted BYY
F 71 ER 29 Fo shuiE uigrg wn F S o o182 Folojd uighel Aoz
Qe Alo] = (sidewall o] FE 4L wugsts B A 3 (inextensible cord)ol] 23] A X F o
BRI YELCOL 2 5 gr) o) mae B BIL oFTE JHHd wys £ olgonh

Rota!¥x Alo|=ge) 22y Fafo] dlate] 4}

O L L L L Er— L L Sl
E-mail : kyw@sunchon.ackr FA8ka, Eololg 43 e Ay wtoz
TEL : (061)750-3536 FAX : (061)750-3530 2d9ste Atol=go] Axy JEE ARG

* 2Aggn e o} Akasaka'PE o]E B @&}y 93t AA )




1668 28%-2%=

WYL AHgata, Alol=Y 13
Aot x4 E P A4A

o
AANEE T 271 73 AP AAg o

Aol a3 Aloj=dR o] uFFo] FriEA
Al (equivalent Young's modulus)E Fgofl lof,
Aoz R E A iy AdEYgez Yyyn 7
Axgde gAdAsE A¥e 5 7o, o
€ PAA A AHLEGiTh o B o
23 e dAdo] gl AAZ Elolojo Wy
BEA L FE)Y EFAHLE Ao YT F
7ol Al HE A7) oHa o2 U F&F 5
SAAFE A7) Ay EAZ, A4ddEd &
gutdlo] detAdE T/t A S g 488
oA sloF &7] "o AdFIFE dite wE
2gd £ ¢y, o2 A3 dHe e
g g5 FF3] AMst7] odoh meEtA
B dFoe Aol=gdRo uFFo o7 I3
A= glol AAdddE dae wE
to AN = JA=F FrRAATE T3t
£ A3 ol Y B dFA
22 gojojg Alol=dR o dH F
}5th &, Eolo] Alo]=dfo dH 2
4 to] U (inner-liner), o ©] ¥ 2 (apex), HIZ=ES-
(bead-toe), Alo|=H(sidewall) 59 EAlo] AM=E
€ nRugESZ FAH den, 7 aFuH
FEo FAE wAwEFg] X wt 2o
welA Alol=g go A WA REe] Ao u}
2} nRZ SR ATI gdEA A
B aApoMe AA Elo]o](P205/60R15)ZFE
zt aFujgEe AFANAE AFHse AFAE
£ AAEz, o]ZRE L EAHS o]8dl9 9
o] w& uRFe FrtEdATE AT o
, ol& o]&3lo Alojmdel FFAHE ALtst
WS AA g z2Ea o] ARAE AP
vago 2y, nFHFEE EAE o84T
o=y nuFFo FAY AMNIE BES

A 8,

1 o
oad 0
>

o

B8 orlr drooX
[o3

o de

& do

A

-

K

2. Alojegle| HEY

2.1 #olc|d Elojofe ch 4

Fig. 1 Cross section of tire

Fig. 1€ 717t~ 3=E ug} 23 gojojd @
Hoz2 At ATAL FAH(crown center), BE
H|E(bead), C= Alol=99 HIZ H(tumning
point), 11 pe EHE BHLE deldth ¢,
= pAIAMe Ao Zimeridian angle)o]t}. |
olt]d Ejolo} Aloj=de] dH FAA4L oS 24
oz F@dc

z=f:07?4:7?dr ¢))
o] 7] A

A= sin¢p(#— ) ()

B= rp'— rc €))

agu 4 ()& ol&dteq @2 Eolojd ©H
2 AA Elojoje] @ A3 F&Es AAF}A
®3ta ojolga RIA ojgg okt aEy
Fig. 19lAAY z=9 dAste €38 £33
vzd o AMAse FFEE Adste,
BRL 2% YH(rim poin)d}t FEt} FHI
FE(zp)= 4 (DEFH =3 21

= [ Ei @
BALERE DpAAAY ;=g Hol(DE ©
&3 2o

L= fTB_zB—T dr G)
A (5)2RE, pRoEREH IZ= A e U9

2] A

o] pA7RY IEeo ZAol(pE Ut
aZl=

= | ©
£8 All=U9 F(nE e 2o



LRNEES] BHE o8 #Holtd Elolo|g Alol=d HBY A 1669

y=LldA _ 2rsinép )

22 Alo|lEglo| EZA

Elo]oj 9] Alo| =g FHotx mE9 aFuFE
2 FA5o] 3t Akasaka: Alo|=Qe] HAA
£ F9tA FEG T FAA A mFugEd o
¢ PN oz TR 22 ARG oL, o =
¢ dalEozH Alol=ge FAAL AR
1;}..(13)

Apol=d =4 A FRAAE Tl As 2
g o2& Alo]=Yo] ALY F, Elojojg
gl Aoz mARZY FSo] s AR Hof
FYPE olgdn AFIh WY p2 T Y&
golole], DY(EA= EH)E TFsHE Eolo
AFE G 2P FLEIEHFTENE A7) 9
€ Jtate] el WY vt 2AY B, 22
A% Apol=de Y24 K(OE G 2ol F
o} Xt

Ks(C) =

l'1

oL

_ 2pr¢ 0¢p

rp  02p 3L _
3¢D Brc

oL oL 2y
A
ANA ddp’ Odre’ 9dp’ drc

8
9zp  JL ®

dre 0¢p

925 = A7t thg

3z
% = ( rp*— 7¢?) cos $psin gpx
o (e y2)2
fiE—agme o
" A (P rd
gfc = —2r¢ sin 2¢p f ( rD(Bz_)I(le) 7] 7e) dr
(10
IZy v_r-
56 = (o= 7 cos ¢Dfm.Wd’
an
d
827:’? = —2r¢( 7’02_ rcz)Sin‘ﬁDX

p 2 __ 72
frﬂ,(TzrD_—T)g—mdr (12)
x3 AFE ol FAEIEFE 35/
o3l Apol=gre w¥Ie FYuIR A%

fe=256mm

Bead point . - - rp=283.84mm
\ e dp=54° D%
vereer 5 < lnl=222mm _:
Apex

carcass cord ———__ .

1o 190 210 230 250 210 290 310
r {mm)

Fig. 2 Comparison between carcass cord line and
the curve obtained by equation (1) where
¥ ~256mm, 7 ;=283.84mm, ¢ ;=54° and

¥ g=222mm

W] WA, of o Alo|=YRe RFZ9) 3
A TAZ NURE Folo Ha THA oUxY
Ig HE3H, TeR 2L Ao=dRe nT)
e 334, Ks(RE e
o) = e [ e
Vm(—f_hT){— d (13)
47|14 E,& 1¥59 F/AE8AF, v, 2
o Zokg v, 2 v, Alol=gR @
%9 A&H|(volume fraction)o]il p= Alo]=HH-
o Aotk 281 g= gholo] Agwe )3
&4 543 BdY FolT 49 r= 49 Pl

"

=]
-

SR
weba Alol=gR ol AA HAN(K)E ZE=
o) FRAT nFFo A Foz= EII
o},

= Ks(C) + Ks(R) : (14)

23 12 Zo 2§ gZAol HA

97 gEAe v e Holole ©
T A, 93 e e g
BN Ao
o o] seeEEE A (1) CH?JSPC’] de
B 943 A4 Bolols) Ars 2Eo AAE
vl aste] & ZAAZC Fig 28 Il IS
A A (el s @& FHE vmg Zojo



1670 AT -T2

Akasaka® Alo|= Y I FZo| 93 FAAL

TFat7] g8 Atol=d g A FUHoF o 4
13)S ALIFPHFITED (13)9 Fig. 7 F=R).
Z, dolgdxrt g T, EHE ¥t e
Zh, 283 3 Alo)e) uvA] FHoF ol
=9 BHATE 29 FHE3HAG. oY {%
yAoz A e 4 7L EdAs
dolof g}, z2l7] YeiME Eoloj2R E1
#E AFHY IFANEE vﬂaﬂok ated, A
CdRE N BELE URs ¢, ddze
2 AdZANEE 8 F Y& UE ST 79
ABES #qrdrl oEe A7t By 2ol
Hog 7t~ 3= ZFA4 EFE WAA A
of stz o)k AW £8& U8 ohjad
A At Z=E NRoRRY BRNAT BE
gujg}, o] =3 HAoR A BT F
goltt. ol g o] {2 B AFAME i 2
& oz nFFo od HAAHL Aok

ilﬂ#o!‘?OH-iJ

al

)

24 & AFolAM M etats M-
*}OlCéT«J LR Tl A% BBEE TIke
43E a3 us p
€ Epoloje) 9uld
Ztzte) mEo] g %‘/}_
9 RFoz YEd
rg ol st

ipner-1iner —uliz -~
Fig. 3 Division of the calculation domain in the
sidewall

BEZ

T (En)i, 03T 3

123 FARAS
=
=

EE n=(ntrna)2 2832 =149 ¥
olf Tt 39, A (13)& e Bo) & #
At

KS(R) = 052(1 (- D) ﬁ.(Em)kx

3
A7IM  p,=0492 ZHREGen, 8 EE
r= oA AR grolth EF, pR RE)
g nFF9 FARAT (B E8E ¥
H(rule of mixture)'Vol oa} The Zo] A
=23

(Em)k= ( Vapar) lz(Eapex)
+(V iumertiner) 1 CE innertiner)
+ { Vsidewatt) £ { E sideuan) (16)
+ ( Vcarms k EcafCaSs)

[ o2 e s

9 AddA (v e A BEA EgHo
|A sk (L7 HErle e

N 3

AW E duista, (E; )= ﬁ}%x}[...]ﬂ 7}
7 e FPEY dHAFE 9ol ue}
A ol W] 2 ALterr) ﬂsﬂ Apoj =g B 0)

HEES, Aojzd 2 ojujgto g
13 ]j\_a glolo}22E AA HH3t1m QA
g AA Y ¢¥u Wy g wA 2 eAdA
+& Pyt oldl el chg Hold 4

=22

25 nRuigEe HE ¥ Vg?il"rE

AlolE “é% FASGL Qe nFNFEEL
45 294 AREEA, & \_"IL"]"‘]'" o} A
i%«} TH-HPEAAELE TE37] A Fu-g
B3R 1X42 2 (Mooney-Riviin 1st model)S 8%
=3 O] 2de) WP E qUARETF (M F

BV W8 S(strain measuwre)d) FABY FANFE
(principal stretch ratios, A, Ay, A& AH83t4 o
3 gol EdHch

W= Cio{I,—3)+ Cpn{L,—3) an
A7 Cpt Cp2 28 T3 2RHE 82
Aol I, L, LE e 2o

L= A%+ A2+ a8 (18)



248

ol &% He

specimen

Fig. 4 Tap and specimen

Beadioe

5 of

compounds sampled from a real tire

Fig. Experimental various  rubber

L= A% %+ A2 A%+ A A0 (19)
28 TFE AL MGFHLE 42 47 AP =]
olth WEtA FU-EBY 132D T 2ZA
o dAAT Atoldle tdgd 22 BAN A
Ehia=d

E=6(Cy+Cy) (20)
dutgd o=z 2] (17)2 nF2 A$ WagFo] oF
100% B=e] g7tA &g Aoz deix
9w 2 AFeAE Eds, Aoz,
olygtoly, oojdla HZES £ AWL E

oloj2RE AY AHdd GHAFAFL A4
&3 0~100% A}OI-J HYE e ogdle &
AArd AFE FEho EdEE A
SLF e & o /‘]%% AA Eo]o]ZRE )
He w, A Fr|d AFL vy “11—‘?—01]
Table 13 Z& F7]9 A|EL HEATh. A H
Hoan $EIAFS ) 98, Fig 49 QOW
#Hel FFHol 7 1 mme LFvF HAlap)2E
RAE? o] B AU AT B mYAZY
o, AEE Bodte dgs vk AHe gubst
o 3F3E, ARI YFoz daymz =
& A9 Frdg o 3A 9EJLH, Fig 4
oM RBE wie} o] "o § Fo] Re&ge A

=
~

AHE E A o] RN AHMe) WA= &
AZL AP Al £, 35S e

194 shojojo] Atel=d 37349 Al

1671

Table 1 Dimensions of specimens (unit : mm)
material length x width xthickness lgx?gfh
tread | (200 £0.05) x (15 +£0.01) x (3.5 £0.01) | 40

sidewall| (120 £0.05) x (7.4 £0.01) x (2.1 £0.01) | 15
bf(‘;‘g' (100 £0.05) x (5.5 +06.01) x (1.3 £0.01) | 15
‘ﬁ‘[‘lg +(120 £0.05) x (7.2 £0.01) x (0.8 £0.01) | 15

apex (100 +0.05) x (10.3 £0.01) x (2.3 £0.01)| 15

stress (N/mm?)
°

* experiment
— Mooney-Rivlin (fitting range: 0~20%)
»
~- Mooney-Rivlin (fitting range:0~1 00%) /4"/

04 0.6
strain (mm/mm)
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Fig. 6 Stress-strain curves of the sidewall rubber
compound modeled by Mooney-Rivlin 1st
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q [force/length]

Fig. 7 Application of side force for measure-
ment of lateral stiffness
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Table 2 Material constants for Mooney-Rivlin 1st
model and Young's modulus based on
the test data within 0~20% strain range
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Table 3 Material constants for Mooney-Rivlin 1st
model and Young's modulus based on the
test data within 0~100% strain range

Mooney-Rivlin constants

Young's modulus

Mooney-Rivlin constants

Young's modulus

rubber (N mni?) (N/mm?) rubber ) (N/mm?)
compound Cu o E compound Cu Cu E

tread -0.9745 1.7568 4694 tread 0.6033 -0.2682 2.011

apex -1.9684 47167 16.490 apex . 0.0788 2.2473 13.956
bead-toe -0.8864 2.4349 9.291 bead-toe 2.2058 -1.2636 5.653
sidewall | -0.3159 0.7692 2.720 sidewall 0.6021 -0.4175 1.107
inner-liner| -0.1827 0.7271 3.266 inner-liner|  0.6070 -0.2179 2.335




