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Research on Optimization of Viscoelastic Properties of Tire Tread Rubber
to Reduce Rolling Resistance and Decrease Braking Distance
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The achievement of reduced rolling resistance and
lower braking distances is important in terms of
automotive fuel efficiency and safety. These goals are
strongly dependent on the performance of the tread
rubber used in the tire, but are contradictory in terms of
viscoelastic properties, an issue which needs to be
addressed if these goals are to be satisfied
simultaneously.

The research discussed in this paper involved
analyses of the behavior of the contact patch of a
vehicle’s tires when the vehicle is cruising and braking.
The results show that the two edge sections of a tire in
the direction of width make the greatest contribution
during braking, and the center section of a tire makes
the greatest contribution during cruising. This discovery
led to the proposal of a segmented tread configuration.
Tires were developed on this basis, using different rubber
compounds with optimized viscoelastic properties in the
different segments. The distribution of contact pressure
on the contact patch was also equalized. The newly
developed tires displayed a 5-m reduction in wet braking
distance when compared to other tires with identical
rolling resistance characteristics.
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Test method: J-NCAP
Test vehicle: FF 1.7L

Test track: JARI (Tsukuba)
Tire size: 185/70R14
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Fig. 1 Relationship between wet braking distance
and RRC
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Fig. 3 Temperature dependence and frequency
dependence of tand
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Fig. 4 Relationship between 0 °C tané and -15 °C E*
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Fig. 5 Relationship between 60 °C tand and 0 °C
tané

[ = |Test method: J-NCAP
o Test vehicle: FF 1.7L
Test track: JARI (Tsukuba)
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Fig. 6 Relationship between wet braking distance
and RRC

— 102 —



ELH\ IR - HIZHEEREIMRER LDTHDZ AV Ly F I LORSEMFERELDHAFE

3. RMBElCH T 2 BHHEEE BRI

KA Y OFMNE 2 A VO E L TWBETTH D,
[{— 2 A VICBWTHESEPARMEICK D, EHmE
RROENDMAHZACT . & BT, EHETROHER, =
BRI OIRREIX S F I FICELT . AR T
G EHEOHM TE ZNENOMREZ HIE T 2 DICHET
BN 2 LB A, PORB—dLMEIC TR E N T
Wiz b Ly REOSHNIC i a MR 2 idEd % 2 ik
DMEER EARNG & FRIL, BT RS ko .

a8, AL TCIEREEO” MO ES 2HEE, ET
MO RE 2, Htsrimoh izt > 28, bhile
Vg )VREREWEY, Thb% Fig. 7 IR

3.1. FIEhEF DS BRI

JNCAP Ti& 100km/h H 5O 7 )VHIEINB T Hbhb
Fig. 8 (& J-NCAP ZH#E U THii L 7= i Es T OilE) 7 A
MCBITZ XA VHEOHBE THSH, 17LFF T 0.2
ORI TR O R EH MR, S HIENIR AR EE THEL
THO, HiFNORELENIEFICHOIRTiEC 52 &
WNohns.

TOEIHIRE R TDRA YOI ZHET 5 /-

Shoulder Center Shoulder

Contact width

Fig. 7 Definition of footprint (Contact patch)

Load
1000 N/div.

Time
1 sec/div.

Fig. 8 Front wheel load variation in wet braking
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Fig. 10 Measuring and analysis areas of contact patch

|| =——Braking load (Dynamic test) | A

== Normal load (Dynamic test) .

= A\
S 1|
D | T
g5 A~ I '.
o g’ 1
e[ N .
l Center Shoulder#
1

Location
10 mm/div.
Fig. 11 Comparison of contact patch pressure

distribution in normal load and braking
load

— 103 —



Honda R&D Technical Review

Vol.19 No.1 (April 2007)

Wbors. 7z Fig. 12 1IRT X1, BIRVREEHITE & 50
BHTE 2 RT3 &, BINICHERZGZ721E50 Y 9 )L R
HEHTAE L E5 T bbb,

RIS T IR MU ME EEERIRE p DV 2,
HEDN A — GBS 20 BR< C &ic kD, HlB)EEEEDR
R TEBLEZ, H—FLw FIdLZHV, Fig. 131TR
T KD AR E D@ R A Y L R ED b X N
RZAVZWIELT:, TNEDX AV THEDY = v MilE)
Pl z tig Ul & T 5, P — 2 A Y ket e n

— Braking load (Dynamic test) | A\
—-= Braking load (Static test) ’

A
A Al

4[‘( Center k

Shoulder |
Location

10 mm/div.

Pressure
1kg cm~'/div.

Fig. 12 Comparison of contact patch pressure
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Fig 13 Comparison of contact patch pressure under
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Fig. 14 Hysteresis loss distribution by finite element
method analysis
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Fig. 15 Comparison of contact pressure

Table 2 Target tire characteristics

Part Index of
Perfo:gellnce of contact | tread compound | Direction
g patch property
Braking | Shoulder 0°C tan & Up
RRC Center 60°C tan & Down
Snow Center -15°C E* Down
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Fig. 16 Segmentation of tread construction
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Fig. 19 Relationship between wet braking distance
and RRC
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