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A Study of Correlation Between Rolling and Linear Friction
for Tire Tread Compounds

Hyeonyeol Cho*, Yoonjin Chang*, Bumyong Yoon**, Uiseok Hong***, Jonghwan Suhr*'

ABSTRACT: Tire friction tests depend on various environmental and testing conditions such as road conditions,
temperature, vehicle weight, and driving conditions. These variables limit the fundamental understanding of the
correlation between tire characteristics and friction behaviors. Therefore, a theoretical approach to friction between
tread compounds and road surfaces is required as a first step in understanding tire friction mechanisms. The test
methods for tread compounds typically include sliding and rolling friction tests. However, rolling friction tests face
difficulties in characterizing high-speed friction behaviors and are significantly affected by heat and wear during
testing, making it challenging to apply friction theories for detailed analysis. Despite these difficulties, rolling friction
tests are crucial for analyzing tire rolling resistance and braking performances. This paper employs the Kliippel &
Heinrich friction theory to sliding friction and investigates the correlation between sliding and rolling friction.
Through the friction theory, quantitative contributions of adhesion and hysteresis friction mechanisms are identified
across a wide slip velocity range. As a result, the correlation between sliding and rolling friction showed a high
coefficient of determination, above 0.876. These findings confirm that rolling friction behaviors in high-speed regions
can be predicted through sliding friction master curves, as well as the contributions of adhesion and hysteresis
friction, which are significant on rough and dry surfaces. This study has the potential to impact tread compound
design for tunable tire friction behaviors.

(

N
[
it

£ Biriolo] RS L&, BAY 84 5 ofe] Re10] BEH O 2galr)o] AABA N AL WA} 9
©nE B HE o[BS MO T ATk FRAAT Aok A2 colol WS AR WL

T W FEONE S /b Aol ok T TEUPRAES eolo] SUAY W AE e RHald 28
S 70 0pREAGolth. SR o Swoh ubw WO R QI3 updk EA4Jo] Wehi, nale| £ A glr] of
22 TAZE ATk HehA] uhRko 22 |ukeko] Mol 2] TRUPL SAS o 2T 4 Yt BAMo| BRE
th & =F2 Klippel & Heinrich n}zo]| 28 #-8-3}o] 9ot &=

Jl

o=
2 g Aol M2 L S|2E A A nhae]
Fom ARAL VREYS BHT 5 b 0| nulEn LE0HE 719 JUBAS st HPor st
7] ofele geie] FHuLE BAS o Sske $e Askoleh. 24NN Antilock Brake System (ABS) 24
2 gEE FE0 A Ao Jolow Ayshalc Aata o2 AR el k29| R
710876 o4 9] & AR ASE e ek o] 3 AT R Y NEGA Y LEUE EHS v n AR o
2% 4 98-8 SHelsholTh ek SPA el AR vhE el H A W 5l 22l Al ool A 2 o33}

& nlA Ao tehon, tehon, olefd ntake] GeEg HAGO =M golof 7 U A% B il A
et 92 v 4+ 9 Ao e

Received 15 August 2024, received in revised form 8 October 2024, accepted 30 October 2024

*Department of Mechanical Engineering, Sungkyunkwan University, Suwon 16419, Korea
**Center for Composite Materials and Concurrent Design, Sungkyunkwan University, Suwon 16419, Korea
***Hyundai Motor Group R&D Division, Hwaseong 18281, Korea
7LCorresponding author (E-mail: suhr@skku.edu)



454

Hyeonyeol Cho, Yoonjin Chang, Bumyong Yoon, Uiseok Hong, Jonghwan Suhr

Key Words: 1-51F2H(Rolling friction), 1]7759v2H(Linear friction), tp2h ulAE] 7| H (Friction master curve), 20| 2 (Friction

theory), Eto]o] EF| = ZHule-E (Tire Tread Compound)

1. M E

Efo]o] npzholgt Blo]o|o] EF Lo} 1t THo] HE A4
Bofl A 2pe =3 Al WA= AR EE ofn|gitt. Elo]of
tpEEA £ S Sl A Efolojof 24 E = A5l
W=, Hrhed, Als, v & 4T 4= AUTH1]. 514
gk Efojo] mpaEe 2, EYE Huppt B4, E & 1)
|, 79 4S9 &%, &4 24 53 Zo] oy 2l
Ao g 2§57 wfoll[2] Bhojo] mpake] gt A}
Al o] @ do] "olR|= 2HAZE Qe webA EY=
s} £of B4 & H7bsha o] T uhael 2o 4
§5t0] Eholo} P EA o] FEHL v A= Axpe] H
7= g soteliz o2 Aol FadAT T3

QukAel nHEAE e v ek A PR
Aol itk vl Ak Al S Aok e sl By SRR
welof w71 A o) WAYSH nhEe & Sk AlEY
woleh4l. FE 0k A%

o] Aol 2 WA o) m
Aol THs).

SHAI e FEUHE AW B Bhojo] npRE g A
st Blel ® 714 St aleh WA TETHE Age 3
498 o] ojgh v} 254 41 9] of 2] go] 9lrk. Lundberg
5612 Eolojel 1em 7ho] AEAEE BHe}] ST 7
U A E =53 A AT 60 km/h o] o] wpHS
A& EAs71ol= ol#l&°] litt. Shinone & (7] Elo]
of EFE jelo] mE upEEAS 97.6 mm/sO] A <of A
3%t vl Qloh SHARE A& e 2 o} 2 e 2 o A 9
Efojo] mpEEAS olsfialr] fsiAl= EdE HIREY
&G oA o] mpREA FAo] Fasit)

Ho| et AlES n|ImEubzb R 4Fgs] aigof
Al B7et7] wiol = FHupt 7He] mpk ) 2|
o 70°C7HA] Af5-5hw mpake] ofsf) WA Sl= mhgfe
CH8]. Z12]al ket aQlo] Bt o2 ZA-g-stHA AlE
= XY oo} Y )= vt i} vk = 7L Afo) &)
t}. o] 2 <18} Fig. 13} Zro] FUzt Al 2= Ald A
O] HAPZ} As] WAt E R 1Rt e Aol o] HES
ol YAst= i ASS AFAe s EAsk=H ol
o] Qlt}. Klippel & Heinrich w}zo] 2[3]of uf=2H o} A
Eo} Zro] AR uhE oA A S v Gt vt
2 g} 2 (Adhesion) ¥ 5] A H| 2] A| 2 (Hysteresis) T
Zho] 2| A Q1 JaFE n|A Aoz A% wheba] vp
o g o) J7Fol x2gtH FE vk Al Ao mpRol 25

o).
gl

e

Agoto] B sk= A2 A7 QU

ol Eekal e Al E-2 u| vk Al )
92 13] H7HE F3lf Fig. 29} o] Btojof mpzto A FQ
3l Anti-lock Brake System (ABS) % <3[9,10]¢] &3 -&(Slip
Ratio)714] 9] B} -5 4& st 4= 917] o] AkAo)
A 2] ARG EIIL Ik, Wb TR ARe) A S B
goto] mrh goket eolo] T EAE Yol TolA
o FEUEAL oS 4 Q= Wy U oA At
£ pzolof wret Al HoR Bajsls wre] Wt

Kliippel & Heinrich[11]&= 11 82A} Hofol| A 2 AR5}
AR SO 228 nnEnia ARe B S
3 b= Aol 4 8sto] LT USR] olRE

48 ol Zote oh ofaE A 1 E TR, o B

Y& mhet gebr|= 1R wAYFS 7o s
2.0
— Test 1
{=——Test 2
—Test 3
= 1.5{—Test4
k=
< 1.0
(=]
.
o
£ o054
o
(5]
0.0 ' v : r T
0.00 0.05 0.10 0.15 0.20 0.25

slip ratio
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Table 2. Correlation results in Analysis Region

Slip Velocity (m/s) | Correlation Results, R* p-value
1.4 0.999 0.000359
1.45 0.993 0.00121
1.5 0.979 0.00212
1.55 0.956 0.00306
1.6 0.921 0.00416
1.65 0.876 0.00526
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