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ri(loo @ 1.5 ("/sec)
*
N
N T,
INEIE g
n
l""t""'l"";‘ LA L SN R R R A A
-1% -10 -5 04 ) 10 15
I A+ 7A(deg)
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N, FOBFENRICOWTREINTH LEEN
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RVI—2 TLA—-F—BKANFILIHEE

AR E
T—o3—F  1800cc (U-11) FFE 624
HEEE A0 : 650kg
TR i : 390kg
fi E : 2 & FTEEHRE (170kg)
Tl A—F—RNKA L7 EE
R4 = b LT : HAEEH WHT-150KMS57-A %Y
UFARIERMIT L A —5— dFEES MRT-2004, 210B, 220B
7 A X EEEH 2 NEFRIERE. TM-280
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BEhdy - flE 2] v 7T EDBEFERD B,
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(1) EREABRSOHKE
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®RVI—4 72757 EBAYELSE

TT| A il M| 5-
BE®R | AL 2.5|13-5
AN - I I

%%? ~ {12.9031.1) 9.5 | 15.5 | 31.0
%%g 7.0 | 12.0]29.0| 8.8 | 14.4 | 28.8
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% | ECAE | 7.0 112.0]40.6|18.1|22.3
BEEEA| 70 | 120 | 406 | 181 | 223

INENDTA77NEarr)—} %, BERE
BB TL200C 122 2 2 TMEL 72, KICZ N2 E
FVI—5 OSEHFREE 7 70hic 2 ~3 ecm o
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Reducing Environmental Pollution and Road Damage Due to Studded Tire
(FY 1985~1987)

Totaro GoTo, Yoshikazu Suzux,
Eizo Hirox1 and Hiroshi KusoTa

Government Industrial Development Laboratory, Hokkaido.
Agency of Industrial Science and Technology.
Ministry of International Trade and Industry.

In cold snowy areas, such as Hokkaido and Tohoku districts, studded trires are
used in order to ensure traffic safety during winter. These tires severely erode the
pavement, causing serious damage to roads, and heavy dust pollution, creating a
serious environmental problem. To solve this problem, the authors have developed a
new type of studded tire for low dust pollution by utilizing a shape-memory alloy and
composite materials : metal-ceramics-rubber.

In 1985~1986, the following was investigated in the development ; (1) addition of
a new functional, active-control mechanism with shape-memory alloy to the tires, and
(2) production of a stud tip material suitable for low dust pollution.

In 1987, characteristic analysis of tires and studs on frozen road was done by
laboratory and outdoor testing ; (1) an attempt was made to increase durability of the
base metal by dispersing fine ceramic powder in the composite studs, and (2) three
kinds of tires were prepared to test their effectiveness in lowering the production of
dust from pavement: A-tire, with iron-ceramic composite studs, B-tire, with active
controlled studs made of shape-memory alloy, and C-tire, with cushions created by
cutting the tread around the studs, and (3) the characteristics of the above tires were
evaluated with an indoor test equipment and a car driven on an outdoor test course
during winter.

This report consists of an introduction, seven chapters and a conclution. The
introduction includes a background and circumstances of the study, and an abstract of
the report.

In the first chapter, the authors showed the fundamental behavior of studded tires,
because the social problem of dust pollution had been caused by using of studded tires.
The effect on the pollution due to the age of the tire was investigated, comparing the
dust produced by new, unused commercial studded tires with that of tires driven on for
about 20,000km. It was found that the force of the studs on the road increased with
use due to erosion of the rubber because of wearing the studded tire by running. The
fact was shown by the relationship between compression strength of a tire and
deformation of the rubber, for tires both with and without studs.

In the second chapter, it was demonstrated that safety could be kept and dust
pollution could be reduced by finding a new material having properties of softness and
high friction instead of a tip material of commercial studs. It was reported that a
composite material was made by dispersing ceramic particles in an iron matrix.
Durability of the material was increased by carburized treatment, and addition of fine
oxide particles.



In the third chapter, suitability of shape-memory allov for use as device of a stud
was shown by testing a stud which extruded or retracted from the surface of the tire
under different temperatures. The durability of Ti—Ni alloy, under recyclic heating,
was found to be satisfactory for practical use.

In the fourth chapter, it was tried to apply shape-memory alloy to studded tires as
device material of a stud, and show characteristics of the studded tire using Ti—Ni
alloy. The test was carried out with a tire testing machine of a pair of ice and dry
roads, and a testing car.

The fifth chapter reported the pre-research of the characteristics of tires with and
without studs, before and after use. The information was obtained with a vibrating
load apparatus, since the results were needed preliminarily for testing with a drum
type test machine and a car. In the test, running speed was estimated from the
vibration rate of the apparatus. The stress on the tires of different manufactures and
at different air pressure were determined by changing vibration rate, temperature and
deformation of the tire.

The sixth chapter reported the investigation of an inside-drum type tire test
machine which was used to measure an fundamental behavior of tires. It became
clear that some adequate conditions should be held for testing of tires: slip angle,
speed of the angle change and shifting of a tire in a drum for cornering force of a tire.

The last chapter recounted the preparation and examination of low dust pollution
tires. Its performance tests were compared with those of commercial studded tires
and studless tires using an inside-drum type tire testing machine and a testing car with
these tires on outdoor ice and snow covered courses. It was found that the friction
resistance of studded tires were larger than that of studless tires during locking or
starting on the surface of melted snow or thawing ice road.

Conclusions obtained from the report were as follows; (1) composite materials
were produced by dispersion of ceramics: Al,Qs, ZrO,, Si;N,, MgO, coal ash and
magnetite ore, in an iron base tips of studs. They were found to be effective for low
dust pollution because they were softer than the commercial material, and (2) hardness
and durability of tip material became larger with heat treatment after carburizing,
because the ceramic particles were set more tightly in the hard iron matrix, and (3) it
was confirmed that the stud extruded properly under low temperature conditions and
retracted under high temperature conditions, and (4) the transformation(Ms) tempera-
ture of a shape-memory Ti-Ni alloy, which was heat-treated at 520°C, approached 10
C, making it usable for many real conditions, and (5) it was shown that evaluation tests,
using an indoor test machine along with outdoor road testing, were adequate for
measureing the total properties of a snow tire, and (6) the evaluation program showed
that the specially prepared tires had stopping and traction capabilities roughly equival-
ent to commercial studded tires’ behavior on iced roads and were estimated to produce
lower dust pollution on paved roads by impact mitigation. However, there remains
room for improvement in the durability of the stud materials.
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